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LASER ENERGY DELIVERY DEVICES
INCLUDING LASER TRANSMISSION DETECTION SYSTEMS

AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of and priority to, under 35 U.S.C. § 119(e), U.S.

Provisional Application Serial No. 62/072,323, filed October 29, 2014, entitled LASER ENERGY

DELIVERY DEVICES INCLUDING LASER TRANSMISSION DETECTION SYSTEMS AND

METHODS, and U.S. Provisional Application Serial No. 62/199,431, filed July 31, 2015, entitled

LASER ENERGY DELIVERY DEVICES INCLUDING LASER TRANSMISSION DETECTION

SYSTEMS AND METHODS, which are hereby incorporated by reference in their entireties for all

that they teach and for all purposes.

FIELD

[0002] The present disclosure relates generally to devices, methods and systems for

controlling a laser energy delivery device, and more specifically, to devices, methods, and systems

for controlling a laser energy delivery device of a laser ablation system for use in ablating tissue.

BACKGROUND

[0003] Arteries are the primary blood vessels that are responsible for providing blood and

oxygen to muscles throughout the body. Arterial disease occurs when arteries become narrowed or

blocked by a buildup of plaque (for example, atherosclerotic plaque or other deposits). A severe

blockage of a peripheral artery may cause non-healing ulcers on the legs and feet, walking pain, rest

pain, and/or the potential need for amputation. Arterial blockage by clots formed in a human body

may be relieved in a number of traditional ways. Drug therapy, including nitrates, beta-blockers,

and peripheral vasodilatator drugs to dilate the arteries or thrombolytic drugs to dissolve the clot,

can be effective. If drug treatment fails, angioplasty may be used to reform or remove the

atherosclerotic plaque or other deposits in the artery.

[0004] Traditional balloon angioplasty is sometimes used to address the blockage by

inserting a narrow, flexible tube having a balloon into an artery in the arm or leg. The blocked area

in the artery can be stretched apart by passing the balloon to the desired treatment site and gently

inflating it to a certain degree. In the event drug therapy is ineffective or angioplasty is too risky



(often introduction of a balloon in an occluded artery can cause portions of the atherosclerotic

material to become dislodged which may cause a total blockage at a point downstream of the subject

occlusion thereby requiring emergency procedures), a procedure known as excimer laser angioplasty

may be indicated.

[0005] Excimer laser angioplasty procedure is similar in some respects to conventional

coronary balloon angioplasty. A narrow, flexible tube, the laser catheter, is inserted into an artery in

the arm or leg. The laser catheter contains one or more optical fibers, which can transmit laser

energy. The laser catheter is then advanced inside the artery to the targeted obstruction at the

desired treatment site. After the laser catheter has been positioned, the laser is energized to

"remove" the obstruction.

[0006] In many procedures, the lesion is often engaged similar to conventional balloon

angioplasty by crossing the blockage with a guide wire. The laser catheter's thin, flexible optical

fibers facilitate the desired positioning and alignment of the catheter. Using the excimer laser, the

clinician performs a controlled blockage removal by sending bursts of ultraviolet light through the

catheter and against the blockage, a process called "ablation." The catheter is then slowly advanced

through the blockage reopening the artery. If there are multiple blockages, the catheter is advanced

to the next blockage site and the above step is repeated. When the indicated blockages appear to be

cleared, the catheter is withdrawn.

[0007] Some previous laser catheters include components that augment the ablation process,

such as aspiration components for removing ablated and other undesired materials. However,

previous laser catheters typically lack coordination between transmission of laser energy and

actuation of the components that augment the ablation process.

SUMMARY

[0008] These and other shortcomings are addressed by the various aspects, embodiments,

and configurations of the present disclosure.

[0009] A laser energy delivery device in accordance with this disclosure for providing

treatment to a subject may include a housing; a coupling carried by the housing and adapted to

couple to a laser energy generator; a sheath carried by the housing, the sheath comprising a distal

end adapted to be disposed in the subject; a plurality of transport members carried by the sheath, the

plurality of transport members adapted to receive laser energy at the coupling, transmit laser energy



through the sheath, and deliver laser energy to the subject; a controller carried by the housing; a

prime mover carried by the housing and adapted to be actuated by the controller; a drive wire

carried by the sheath and eccentrically coupled to the distal end of the sheath, the drive wire adapted

to be rotatably driven by the prime mover and rotating to eccentrically rotate the distal end of the

sheath; and a plurality of visual indicators carried by the housing, wherein the controller is adapted

to energize the plurality of visual indicators based on a rotational position of the prime mover

relative to the housing.

[0010] The laser energy delivery device of paragraph [0009], wherein the controller is

adapted to energize at least one of the visual indicators when the rotational position of the prime

mover reaches a threshold.

[0011] The laser energy delivery device of any of paragraphs [0009] to [0010], wherein each

visual indicator of the plurality of visual indicators corresponds to a portion of a rotational range of

the prime mover, and wherein the controller is adapted to energize each visual indicator when the

rotational position of the prime mover is within the portion of the rotational range of each visual

indicator.

[0012] The laser energy delivery device of any of paragraphs [0009] to [001 1], further

comprising a sensor adapted to detect transmission of laser energy through at least one of the

plurality of transport members.

[0013] The laser energy delivery device of any of paragraphs [0009] to [0012], wherein the

sensor is adapted to send a signal in response to detecting transmission of laser energy through the at

least one of the plurality of transport members, wherein the controller is adapted to receive the

signal from the sensor, and further comprising an ancillary device adapted to augment treatment of

the subject via the laser energy delivery device, the controller actuating the ancillary device upon

receiving the signal from the sensor.

[0014] The laser energy delivery device of paragraphs [0009] to [0013], wherein the

ancillary devices comprises: the prime mover; and a drive wire eccentrically coupled to the distal

end of the sheath and adapted to be rotatably driven by the prime mover, the drive wire rotating to

eccentrically rotate the distal end of the sheath.

[0015] The laser energy delivery device of paragraphs [0009] to [0014], wherein the at least

one of the plurality of transport members extends from a proximal end to a distal end, and the sensor



is adapted to detect emission of laser energy at a location on the at least one of the plurality of

transport members disposed between the proximal end and the distal end.

[0016] The laser energy delivery device of paragraphs [0009] to [0015], wherein the at least

one of the plurality of transport members comprises a bend formed between the proximal end and

the distal end, and the sensor is adapted to detect emission of laser energy at the bend.

[0017] A laser energy delivery device in accordance with this disclosure for providing

treatment to a subject may include a coupling adapted to couple to a laser energy generator; a sheath

coupled to the coupling, the sheath including a distal end adapted to be disposed in the subject; a

plurality of transport members carried by the coupling and the sheath, the plurality of transport

members adapted to receive laser energy at the coupling, transmit laser energy through the sheath,

and deliver laser energy to the subject; and a sensor adapted to detect transmission of laser energy

through at least one of the plurality of transport members.

[0018] The laser energy delivery device of paragraph [0017], wherein the sensor is adapted

to send a signal in response to detecting transmission of laser energy through the at least one of the

plurality of transport members, and further including a controller adapted to receive the signal from

the sensor; and an ancillary device adapted to augment treatment of the subject via the laser energy

delivery device, the controller actuating the ancillary device upon receiving the signal from the

sensor.

[0019] The laser energy delivery device of any of paragraphs [0017] to [0018], wherein the

ancillary devices includes a prime mover adapted to be actuated by the controller; and a drive wire

eccentrically coupled to the distal end of the sheath and adapted to be rotatably driven by the prime

mover, the drive wire rotating to eccentrically rotate the distal end of the sheath.

[0020] The laser energy delivery device of any of paragraphs [0017] to [0019], further

including a control panel including an input operatively coupled to the controller, the input being

actuatable by a clinician to cause the laser energy delivery device to enter and exit an automatic

mode, in the automatic mode the controller actuating the ancillary device upon receiving the signal

from the sensor.

[0021] The laser energy delivery device of any of paragraphs [0017] to [0020], wherein the

input is a first input, and the control panel further includes a second input operatively coupled to the

controller, the second input being actuatable by the clinician to cause the controller to actuate the

ancillary device regardless of whether the controller receives the signal from the sensor.



[0022] The laser energy delivery device of any of paragraphs [0017] to [0021], wherein the

at least one of the plurality of transport members extends from a proximal end to a distal end, and

the sensor is adapted to detect emission of laser energy at a location on the at least one of the

plurality of transport members disposed between the proximal end and the distal end.

[0023] The laser energy delivery device of any of paragraphs [0017] to [0022], wherein the

at least one of the plurality of transport members includes a bend formed between the proximal end

and the distal end, and the sensor is adapted to detect emission of laser energy at the bend.

[0024] The laser energy delivery device of any of paragraphs [0017] to [0023], wherein the

sensor includes a photodiode.

[0025] A non-transitory tangible computer-readable storage medium having stored thereon

instructions which, when executed by a processor, cause the processor to perform a method that may

include detecting transmission of laser energy through at least one of a plurality of laser energy

transport members of a laser energy delivery device; and sending a signal to actuate an ancillary

device of the laser energy delivery device in response to detecting transmission of laser energy

through the at least one of the plurality of transport members.

[0026] The non-transitory tangible computer-readable storage medium of paragraph [0025],

wherein the ancillary device comprises a prime mover and a drive wire adapted to be rotatably

driven by the prime mover and eccentrically coupled to a distal end of a sheath of the laser energy

delivery device, and wherein sending the signal to actuate the ancillary device in response to

detecting transmission of laser energy through the at least one of the plurality of transport members

comprises actuating the prime mover to rotate the drive wire and eccentrically rotate the distal end

of the sheath.

[0027] The non-transitory tangible computer-readable storage medium of any of paragraphs

[0025] to [0026], wherein sending the signal to actuate the prime mover to rotate the drive wire and

eccentrically rotate the distal end of the sheath comprises: sending a first signal to actuate the prime

mover and rotate the drive wire and eccentrically rotate the distal end of the sheath in a first

direction for a plurality of rotations; and sending a second signal to actuate the prime mover and

rotate the drive wire and eccentrically rotate the distal end of the sheath in a second direction for a

plurality of rotations, the second direction being opposite the first direction.

[0028] The non-transitory tangible computer-readable storage medium of any of paragraphs

[0025] to [0027], wherein sending the signal to actuate the prime mover to rotate the drive wire and



eccentrically rotate the distal end of the sheath comprises: sending a first signal to actuate the prime

mover and rotate the drive wire and eccentrically rotate the distal end of the sheath in a first

direction; deactivating the prime mover to inhibit rotation of the drive wire and the distal end of the

sheath when the distal end of the sheath reaches a first rotational limit; sending a second signal to

actuate the prime mover and rotate the drive wire and eccentrically rotate the distal end of the sheath

in a second direction, the second direction being opposite the first direction; and deactivating the

prime mover to inhibit rotation of the drive wire and the distal end of the sheath when the distal end

of the sheath reaches a second rotational limit.

[0029] The non-transitory tangible computer-readable storage medium of any of paragraphs

[0025] to [0028], wherein the method further includes: detecting a rotational position of the distal

end of the sheath and determining when the distal end reaches a rotational limit; and deactivating the

prime mover to inhibit rotation of the drive wire and the distal end when the distal end reaches the

rotational limit.

[0030] The non-transitory tangible computer-readable storage medium of any of paragraphs

[0025] to [0029], wherein the method further includes sending a second signal to actuate the prime

mover and eccentrically rotate the distal tip of the sheath to a rotational home position.

[0031] A method in accordance with this disclosure for treating a subject by using a laser

energy delivery device, the laser energy delivery device including a sheath, a plurality of transport

members carried by the sheath, a sensor, and an ancillary device, may include positioning a distal

end of the sheath within the subject such that the plurality of transport members are positioned

within the subject; transmitting laser energy to the subject via the plurality of transport members;

detecting transmission of laser energy through at least one of the plurality of transport members by

using the sensor; and actuating the ancillary device in response to detecting transmission of laser

energy through the at least one of the plurality of transport members.

[0032] The method of paragraph [003 1], wherein the ancillary device includes a prime

mover and a drive wire adapted to be rotatably driven by the prime mover and eccentrically coupled

to the distal end of the sheath, and wherein actuating the ancillary device in response to detecting

transmission of laser energy through the at least one of the plurality of transport members includes

actuating the prime mover to rotate the drive wire and eccentrically rotate the distal end of the

sheath.



[0033] The method of any of paragraphs [003 1] to [0032], wherein actuating the prime

mover to rotate the drive wire and eccentrically rotate the distal end of the sheath includes rotating

the drive wire and eccentrically rotating the distal end of the sheath in a first direction for a plurality

of rotations; and subsequently rotating the drive wire and eccentrically rotating the distal end of the

sheath in a second direction for a plurality of rotations, the second direction being opposite the first

direction.

[0034] The method of any of paragraphs [003 1] to [0033], wherein transmitting laser energy

to the subject via the plurality of transport members includes transmitting laser energy from a

proximal end of the plurality of transport members to a distal end of the plurality of transport

members, and detecting transmission of laser energy through the at least one of the plurality of

transport members includes detecting transmission of laser energy at a location on the at least one of

the plurality of transport members disposed between the proximal end and the distal end of the

plurality of transport members.

[0035] The method of any of paragraphs [003 1] to [0034], wherein detecting transmission of

laser energy at the location on the at least one of the plurality of transport members disposed

between the proximal end and the distal end includes detecting emission of laser energy from a bend

formed on the at least one of the plurality of transport members between the proximal end and the

distal end.

[0036] The method of any of paragraphs [003 1] to [0035], wherein the sensor includes a

photodiode, and detecting transmission of laser energy through the at least one of the plurality of

transport members includes using the photodiode to detect laser energy emitted from the at least one

of the plurality of transport members.

[0037] A method in accordance with this disclosure for treating a subject by using a laser

energy delivery device, the laser energy delivery device including a sheath and a plurality of

transport members carried by the sheath, may include positioning the sheath within the subject such

that a distal end of the plurality of transport members are positioned within the subject; receiving

laser energy at a proximal end of the plurality of transport members; transmitting laser energy from

the proximal end to the distal end of the plurality of transport members; delivering laser energy from

the distal end of the plurality of transport members to the subject; and detecting emission of laser

energy from at least one of the plurality of transport members at a location between the proximal

end and the distal end of the plurality of transport members.



[0038] The method of paragraph [0037], wherein detecting emission of laser energy from

the at least one of the plurality of transport members at the location between the proximal end and

the distal end of the plurality of transport members includes detecting emission of laser energy from

a bend formed on the at least one of the plurality of transport members between the proximal end

and the distal end.

[0039] The method of any of paragraphs [0037] to [0038], wherein detecting emission of

laser energy from the bend formed on the at least one of the plurality of transport members between

the proximal end and the distal end includes using a photodiode to detect laser energy emitted from

the at least one of the plurality of transport members.

[0040] The method of any of paragraphs [0037] to [0039], wherein the laser energy delivery

device further includes an ancillary device, and further including actuating the ancillary device in

response to detecting emission of laser energy from the bend formed on the at least one of the

plurality of transport members.

[0041] The method of any of paragraphs [0037] to [0040], wherein the laser energy delivery

device further includes a prime mover and a drive wire adapted to be rotatably driven by the prime

mover and eccentrically coupled to a distal end of the sheath, and further including actuating the

prime mover to rotate the drive wire and eccentrically rotate the distal end of the sheath in response

to detecting emission of laser energy from the at least one of the plurality of transport members.

[0042] The method of any of paragraphs [0037] to [0041], wherein actuating the prime

mover to rotate the drive wire and eccentrically rotate the distal end of the sheath includes rotating

the drive wire and eccentrically rotating the distal end of the sheath in a first direction for a plurality

of rotations, and subsequently rotating the drive wire and eccentrically rotating the distal end of the

sheath in a second direction for a plurality of rotations, the second direction being opposite the first

direction.

[0043] A laser energy delivery device in accordance with this disclosure for providing

treatment to a subject may include a sheath including a distal end adapted to be disposed in the

subject, a plurality of transport members carried by the sheath, the plurality of transport members

adapted to receive laser energy, transmit laser energy through the sheath, and deliver laser energy to

the subject, a sensor adapted to send a signal in response to detecting transmission of laser energy

through at least one of the plurality of transport members, a controller adapted to receive the signal

from the sensor, a prime mover adapted to be actuated by the controller, and a drive wire



eccentrically coupled to the distal end of the sheath and adapted to be rotatably driven by the prime

mover, the drive wire rotating to eccentrically rotate the distal end of the sheath, and wherein the

controller actuates the prime mover to rotate the drive wire and eccentrically rotate the distal end of

the sheath in response to receiving the signal from the sensor.

[0044] The laser energy delivery device of paragraph [0043], wherein the laser energy

delivery device is operable in an automatic mode and a manual mode, in the automatic mode the

controller actuating the prime mover to rotate the drive wire and eccentrically rotate the distal end of

the sheath in response to receiving the signal from the sensor, and in the manual mode the controller

actuating the prime mover to rotate the drive wire and eccentrically rotate the distal end of the

sheath regardless of whether the controller receives the signal from the sensor.

[0045] The laser energy delivery device of any of paragraphs [0043] to [0044], further

including a first input being actuatable by a clinician to place the laser energy delivery device in the

automatic mode, a second input being actuatable by the clinician to cause the controller to actuate

the prime mover to rotate the drive wire and eccentrically rotate the distal end of the sheath in a first

direction regardless of whether the controller receives the signal from the sensor, and a third input

being actuatable by the clinician to cause the controller to actuate the prime mover to rotate the

drive wire and eccentrically rotate the distal end of the sheath in a second direction regardless of

whether the controller receives the signal from the sensor, the second direction being opposite the

first direction.

[0046] The laser energy delivery device of any of paragraphs [0043] to [0045], further

including a fourth input being actuatable by the clinician to rotate the drive wire and eccentrically

rotate the distal tip of the sheath to a rotational home position.

[0047] The laser energy delivery device of any of paragraphs [0043] to [0046], wherein in

the automatic mode the controller actuates the prime mover to rotate the drive wire and eccentrically

rotate the distal end of the sheath in a first direction for a plurality of rotations, and subsequently

rotate the drive wire and eccentrically rotate the distal end of the sheath in a second direction for a

plurality of rotations, the second direction being opposite the first direction.

[0048] The laser energy delivery device of any of paragraphs [0043] to [0047], wherein the

drive wire rotates and the distal end of the sheath eccentrically rotates in a first direction and a

second direction, the second direction being opposite the first direction, the controller is adapted to

deactivate the prime mover when the drive wire and the distal end of the sheath rotate in the first



direction and reach a first rotational limit, and the controller is adapted to deactivate the prime

mover when the drive wire and the distal end of the sheath rotate in the second direction and reach a

second rotational limit.

[0049] The laser energy delivery device of any of paragraphs [0043] to[0048], wherein the

plurality of transport members include proximal ends adapted to receive laser energy and distal ends

adapted to deliver laser energy to the subject, and the sensor detects transmission of laser energy

through the at least one of the plurality of transport members at a position between the proximal

ends and the distal ends of the plurality of transport members.

[0050] A method in accordance with this disclosure for treating a subject by using a laser

energy delivery device, the laser energy delivery device comprising a sheath having a distal end, a

plurality of transport members carried by the sheath, a prime mover, a drive wire coupled to the

prime mover and eccentrically coupled to the distal end of the sheath, a sensor, and a controller

operably coupled to the sensor and the prime mover, may include positioning the distal end of the

sheath within the subject such that the plurality of transport members are positioned within the

subject; transmitting laser energy to the subject via the plurality of transport members; detecting

transmission of laser energy through at least one of the plurality of transport members by using the

sensor; sending a signal from the sensor to the controller in response to detecting transmission of

laser energy through the at least one of the plurality of transport members; and actuating the prime

mover, via the controller, to rotate the drive wire and eccentrically rotate the distal end of the sheath

in response to the controller receiving the signal from the sensor.

[0051] The method of paragraph [0050], further including operating the laser energy

delivery device in an automatic mode, including: detecting transmission of laser energy through the

at least one of the plurality of transport members by using the sensor; sending the signal from the

sensor to the controller in response to detecting transmission of laser energy through the at least one

of the plurality of transport members; actuating the prime mover, via the controller, to rotate the

drive wire and eccentrically rotate the distal end of the sheath in response to the controller receiving

the signal from the sensor; and operating the laser energy delivery device in a manual mode,

including: actuating an input of the laser energy delivery device; and actuating the prime mover, via

the controller, to rotate the drive wire and eccentrically rotate the distal end of the sheath in response

to actuating the input of the laser energy delivery device.



[0052] The method of any of paragraphs [0050] to [005 1], wherein the input is a first input,

and operating the laser energy delivery device in the manual mode further includes: actuating the

first input of the laser energy delivery device; actuating the prime mover, via the controller, to rotate

the drive wire and eccentrically rotate the distal end of the sheath in a first direction in response to

actuating the first input of the laser energy delivery device; actuating a second input of the laser

energy delivery device; and actuating the prime mover, via the controller, to rotate the drive wire

and eccentrically rotate the distal end of the sheath in a second direction in response to actuating the

second input of the laser energy delivery device, the second direction being opposite the first

direction.

[0053] The method of any of paragraphs [0050] to [0052], wherein operating the laser

energy delivery device in the manual mode further includes deactivating the prime mover, via the

controller, to inhibit rotation of the drive wire and the distal end of the sheath when the distal end of

the sheath reaches a rotational limit.

[0054] The method of any of paragraphs [0050] to [0053], wherein actuating the prime

mover includes actuating the prime mover, via the controller, to rotate the drive wire and

eccentrically rotate the distal end of the sheath in a first direction in response to the controller

receiving the signal from the sensor, and further including: deactivating the prime mover, via the

controller, to inhibit rotation of the drive wire and the distal end of the sheath in the first direction

when the distal end of the sheath reaches a rotational limit; and actuating the prime mover, via the

controller, to rotate the drive wire and eccentrically rotate the distal end of the sheath in a second

direction in response to the distal end of the sheath reaching the rotational limit, the second direction

being opposite the first direction.

[0055] The method of any of paragraphs [0050] to [0054], wherein the rotational limit is a

first rotational limit, and further including: deactivating the prime mover, via the controller, to

inhibit rotation of the drive wire and the distal end of the sheath in the second direction when the

distal end of the sheath reaches a second rotational limit; and actuating the prime mover, via the

controller, to rotate the drive wire and eccentrically rotate the distal end of the sheath in the first

direction in response to the distal end of the sheath reaching the second rotational limit.

[0056] The phrases "at least one", "one or more", and "and/or" are open-ended expressions

that are both conjunctive and disjunctive in operation. For example, each of the expressions "at least

one of A, B and C", "at least one of A, B, or C", "one or more of A, B, and C", "one or more of A,



B, or C" and "A, B, and/or C" means A alone, B alone, C alone, A and B together, A and C

together, B and C together, or A, B and C together. When each one of A, B, and C in the above

expressions refers to an element, such as X, Y, and Z, or class of elements, such as Xi-X , Yi-Y m,

and Zi-Z0, the phrase is intended to refer to a single element selected from X, Y, and Z, a

combination of elements selected from the same class (e.g., Xi and X2) as well as a combination of

elements selected from two or more classes (e.g., Yi and Z0) .

[0057] The term "a" or "an" entity refers to one or more of that entity. As such, the terms

"a" (or "an"), "one or more" and "at least one" may be used interchangeably herein. It is also to be

noted that the terms "comprising", "including", and "having" may be used interchangeably.

[0058] It should be understood that every maximum numerical limitation given throughout

this disclosure is deemed to include each and every lower numerical limitation as an alternative, as

if such lower numerical limitations were expressly written herein. Every minimum numerical

limitation given throughout this disclosure is deemed to include each and every higher numerical

limitation as an alternative, as if such higher numerical limitations were expressly written herein.

Every numerical range given throughout this disclosure is deemed to include each and every

narrower numerical range that falls within such broader numerical range, as if such narrower

numerical ranges were all expressly written herein.

[0059] The preceding is a simplified summary of the disclosure to provide an understanding

of some aspects of the disclosure. This summary is neither an extensive nor exhaustive overview of

the disclosure and its various aspects, embodiments, and configurations. It is intended neither to

identify key or critical elements of the disclosure nor to delineate the scope of the disclosure but to

present selected concepts of the disclosure in a simplified form as an introduction to the more

detailed description presented below. As will be appreciated, other aspects, embodiments, and

configurations of the disclosure are possible utilizing, alone or in combination, one or more of the

features set forth above or described in detail below.

[0060] The above and other features of the present disclosure, which alone or in any

combination may comprise patentable subject matter, will become apparent from the following

description and the attached drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

[0061] The accompanying drawings are incorporated into and form a part of the

specification to illustrate several examples of the present disclosure. These drawings, together with

the description, explain the principles of the disclosure. The drawings simply illustrate preferred and

alternative examples of how the disclosure may be made and used and are not to be construed as

limiting the disclosure to only the illustrated and described examples. Further features and

advantages will become apparent from the following, more detailed, description of the various

aspects, embodiments, and configurations of the disclosure, as illustrated by the drawings referenced

below.

[0062] FIG. 1 is a schematic illustration of an exemplary laser ablation system for use in

ablating tissue in interventional procedures within the cardiovascular system of a subject;

[0063] FIG. 2 is another schematic illustration of the laser ablation system of FIG. 1;

[0064] FIG. 3 is a schematic illustration of a clinician-operable foot switch of the laser

ablation system of FIG. 1 in an undepressed state;

[0065] FIG. 4 is a schematic illustration of the clinician-operable foot switch of FIG. 3 in a

depressed state;

[0066] FIG. 5 is a schematic illustration of a laser energy delivery device of the laser

ablation system of FIG. 1;

[0067] FIG. 6 is an illustration of an exemplary control panel of the laser energy delivery

device of FIG. 5;

[0068] FIG. 7 illustrates an exemplary method for treating a subject by using a laser energy

delivery device;

[0069] FIG. 8 is an illustration of an exemplary laser ablation catheter;

[0070] FIG. 9 is an illustration of an input coupling and a partial illustration of a flexible

cord of the laser ablation catheter of FIG. 8;

[0071] FIG. 10 is an illustration of a housing and a partial illustration of the flexible cord

and a laser ablation catheter sheath of the laser ablation catheter of FIG. 8;

[0072] FIG. 11 is an illustration of a base of the housing of FIG. 10 with a cover of the

housing removed;

[0073] FIG. 12 is an illustration of the cover of the housing of FIG. 10 with the base of the

housing removed;



[0074] FIG. 13 is a partial illustration of a trifurcate structure of the laser ablation catheter of

FIG. 8;

[0075] FIG. 14 is another partial illustration of the trifurcate structure of FIG. 13;

[0076] FIG. 15 is an illustration of a control panel of the laser ablation catheter of FIG. 8;

[0077] FIG. 16 is a partial illustration of the laser ablation catheter sheath of the laser

ablation catheter of FIG. 8;

[0078] FIG. 17A is a cross-sectional illustration of the laser ablation catheter sheath along

line 17A-17A ofFIG. 16;

[0079] FIG. 1 B is a cross-sectional illustration of the laser ablation catheter sheath along

line 17B-17B of FIG. 16;

[0080] FIG. 1 C is an end view illustration of the laser ablation catheter sheath along line

17C-17C of FIG. 16;

[0081] FIG. 1 D is a side view illustration of a distal tip of the laser ablation catheter sheath

of FIG. 16;

[0082] FIGS. 18A-18E illustrate an exemplary process diagram for treating a subject by

using a laser energy delivery device;

[0083] FIG 19 is an illustration of an exemplary control panel of a laser ablation catheter;

and

[0084] FIG. 20 is an illustration of another exemplary control panel of a laser ablation

catheter.

[0085] Corresponding reference characters indicate corresponding parts throughout the

several views. It should be understood that the drawings are not necessarily to scale. In certain

instances, details that are not necessary for an understanding of the disclosure or that render other

details difficult to perceive may have been omitted. It should be understood, of course, that the

disclosure is not necessarily limited to the particular embodiments illustrated herein.

DETAILED DESCRIPTION OF THE DRAWINGS

[0086] Before any embodiments of the disclosure are explained in detail, it is to be

understood that the disclosure is not limited in its application to the details of construction and the

arrangement of components set forth in the following description or illustrated in the following

drawings. The disclosure is capable of other embodiments and of being practiced or of being carried



out in various ways. Also, it is to be understood that the phraseology and terminology used herein is

for the purpose of description and should not be regarded as limiting. The use of "including,"

"comprising," or "having" and variations thereof herein is meant to encompass the items listed

thereafter and equivalents thereof as well as additional items.

[0087] The embodiments disclosed below are not intended to be exhaustive or to limit the

invention to the precise forms disclosed in the following detailed description. Rather, the

embodiments are chosen and described so that others skilled in the art may utilize their teachings.

While the present disclosure is primarily directed to a laser ablation system, it should be understood

that the features disclosed herein may have application to other laser ablation systems having a

switch unit remote from a base unit.

[0088] FIGS. 1 and 2 illustrate an exemplary laser ablation system 100. The laser ablation

system 100 generally includes a laser energy generator or "base unit" 102 that generates laser

energy, a switch unit 104 that is operable to actuate the base unit 102, and a laser energy delivery

device 106 that delivers laser energy to ablate tissue of a subject.

[0089] The base unit 102 includes a housing 105. The housing 105 carries a laser 108 and a

base electronic controller 110 that is operative ly coupled to the laser 108. The base controller 110

controls operation of the laser 108 and communication of laser energy produced by laser 108 to an

output coupling 112 of the base unit 102. As shown in FIG. 2, the housing 105 also carries a

plurality of wheels 114 that facilitate movement of the base unit 102. The housing 105 further

carries a clinician-operable control panel 116 that is operatively coupled to the base controller 110.

The control panel 116 facilitates setting and/or varying operating parameters of the base unit 102.

[0090] The base unit 102 may be, for example, the CVX-300 Excimer Laser System

available from The Spectranetics Corporation, Colorado Springs, CO. The base unit 102 may be,

for example, as described in U.S. Patent No. 5,383,199, the entire disclosure of which is expressly

incorporated by reference herein for all purposes.

[0091] The switch unit 104 includes a switch electronic controller 118 and a clinician-

operable switch 120. The clinician-operable switch 120 receives an input from a clinician.

Exemplary clinician-operable switches include toggle switches, foot-operated pedal switches, rotary

switches, input switches, and other devices via which a clinician can provide an input.

[0092] The switch unit 104 is coupled to base unit 102 via a tether 122. A first end of the

tether 122 is coupled to the base unit 102 and a second end of the tether 122 is coupled to the switch



unit 104. The tether 122 keeps the switch unit 104 within an area surrounding base unit 102 and

inhibits the switch unit 104 from being separated from the base unit 102. In some embodiments, the

switch unit 104 may be stored within a compartment of the base unit 102 when not in use and

positioned remote from the base unit 102 during use of the laser ablation system 100. In these

embodiments, the first end of the tether 122 is anchored inside of the storage compartment of the

base unit 102. In some embodiments, the tether 122 lacks any power lines and/or communication

lines. In these embodiments, the switch unit 104 may include a power supply (not shown) and

wirelessly communicate with the base unit 102. In some embodiments, the tether 122 includes one

or more power lines and/or communication lines. An exemplary tether is a jacketed, flexible, steel

wire safety cable. Other exemplary tethers include ropes, wires, and other flexible members.

[0093] As described briefly above, the switch unit 104 may be a foot-operated pedal switch.

FIGS. 3 and 4 illustrate an exemplary foot-operated pedal switch 300. The pedal switch 300

includes a base 302, a pedal 304 that is moveably coupled to the base 302, and a switch 306 that

provides an indication of the position of the pedal 304 relative to the base 302. As shown in FIG. 3,

the pedal 304 is rotated upward relative to the base 302. As shown in FIG. 4, the pedal 304 is

rotated downward relative to base 302. In some embodiments, the pedal 304 may be biased to the

position shown in FIG. 3 (that is, rotated upward relative to the base 302) by one or more springs

(not shown).

[0094] The base 302 carries a first contact 308, and the pedal 304 carries a second contact

310. When the contacts 308 and 310 are in contact (see FIG. 4), the pedal switch 300 is in a first

state. When the contacts 308 and 310 are spaced apart (see FIG. 3), the pedal switch 300 is in a

second state. The switch controller 118 monitors whether the pedal switch 300 is in the first state or

the second state. For example, the opening or closing of the pedal switch 300 may change an input

voltage to the switch controller 118. A clinician may press down on the pedal 304 to engage the

contacts 308 and 310, which causes the switch unit 104 to actuate the base unit 102 and deliver laser

energy to the laser energy delivery device 106. In some embodiments, engaging the contacts 308

and 310 causes the base unit 102 to deliver a series of laser energy pulses to the laser energy

delivery device 106. The clinician may release the pedal 304 to disengage the contacts 308 and 310,

which inhibits the base unit 102 from delivering laser energy to the laser energy delivery device

106.



[0095] The laser energy delivery device 106 may be a laser ablation catheter. FIG. 5

illustrates an exemplary laser ablation catheter 500. The laser ablation catheter 500 includes an

input coupling 502 that couples to the output coupling 112 of the base unit 102. The laser ablation

catheter 500 includes one or more transport members 504, such as fiber optic cables. The proximal

ends 505 of the transport members 504 are disposed at the input coupling 502 and receive laser

energy from the base unit 102. The transport members 504 transmit laser energy from the proximal

ends 505, through a housing 503 of the laser ablation catheter 500, and to their distal ends 506,

which may be disposed at a distal end 509 of a sheath 507 of the laser ablation catheter 500. When

the laser energy reaches the distal ends 506 of the transport members 504, the transport members

504 deliver the laser energy to the environment surrounding the sheath 507 (for example, tissue of

the subject).

[0096] The laser ablation catheter 500 also includes one or more ancillary devices 508 that

augment tissue ablation. The ancillary devices 508 may be carried by the housing 503 and may

include, for example, a drive mechanism for translating the laser ablation catheter 500 in the

vasculature of the subject, a drive mechanism for rotating the laser ablation catheter 500 in the

vasculature of the subject, or an aspiration mechanism for drawing ablated tissue through the laser

ablation catheter 500. In some embodiments, the ancillary devices 508 augment tissue ablation by

momentarily, instantaneously, and continuously calibrating and adjusting delivered laser energy. In

some embodiments, the ancillary devices 508 augment tissue ablation by monitoring the status of

the laser ablation catheter 500 and/or the base unit 102. In some embodiments, the ancillary devices

508 may deactivate the laser ablation catheter 500 and/or the base unit 102 upon detecting a

malfunction. The laser ablation catheter 500 further includes components for automatically

actuating the ancillary device(s) 508 when laser energy is transmitted through the transport members

504. In some embodiments, the laser ablation catheter 500 includes a sensor 510 that is carried by

the housing 503. In some embodiments, the sensor 510 includes a photodiode that detects a

relatively small amount of laser energy that is emitted, or "leaked", at a curve or bend 512 in one or

more of the transport members 504 when laser energy is transmitted through the transport

member(s) 504. The sensor 510 may detect various wavelengths or various ranges of wavelengths

of emitted laser energy. When the sensor 510 detects emitted laser energy at the bend 512 in the

transport member(s) 504, the sensor 510 transmits a signal to a catheter electronic controller 514. In

some embodiments, the catheter controller 514 is carried by the housing 503. In some



embodiments, the catheter controller 514 is formed by one or more circuits board. Upon receiving

the signal from the sensor 510, the catheter controller 514 actuates the ancillary device(s) 508. In

some embodiments, the catheter controller 514 delivers energy from a power supply 516, such as a

battery, to the ancillary device(s) 508 to actuate the ancillary device(s) 508. In some embodiments,

the power supply 516 is carried by the housing 503.

[0097] In some embodiments, the catheter controller 514 actuates the ancillary device(s) 508

only when the sensor 510 detects emitted laser energy at the bend 512 (for example, by delivering

energy from the power supply 516 to the ancillary device(s) 508). When the sensor 510 does not

detect emitted laser energy at the bend 512, the catheter controller 514 deactivates the ancillary

device(s) 508 (for example, the catheter controller 514 stops delivering energy from the power

supply 516 to the ancillary device(s) 508).

[0098] In some embodiments, the catheter controller 514 continuously actuates the ancillary

device(s) 508 when the sensor 510 detects a series of emitted laser energy pulses at the bend 512

(for example, by delivering energy from the power supply 516 to the ancillary device(s) 508).

When the sensor 510 does not detect emitted laser energy at the bend 512 for a time period that is

longer than the time period between laser energy pulses, the catheter controller 514 deactivates the

ancillary device(s) 508 (for example, the catheter controller 514 stops delivering energy from the

power supply 516 to the ancillary device(s) 508).

[0099] In some embodiments, the catheter controller 514 actuates the ancillary device(s) 508

for a predetermined time period after the sensor 510 detects emitted laser energy at the bend 512

(for example, by delivering energy from the power supply 516 to the ancillary device(s) 508). After

the predetermined time period elapses, the catheter controller 514 deactivates the ancillary device(s)

508 (for example, the catheter controller 514 stops delivering energy from the power supply 516 to

the ancillary device(s) 508).

[00100] The bend 512 formed by the transport member(s) 504 may take a variety of shapes

and forms. For example, the bend 512 could be formed as one or more turns, loops, or coils of the

transport member(s) 504. In some embodiments, the transport members 504 lack any bends 512 and

the sensor 510 detects emitted laser energy along a straight portion of one or more of the transport

members 504. In some embodiments, the transport members 504 lack any bends 512 and one or

more of the transport members 504 terminate before extending into the sheath 507 of the laser

ablation catheter 500. These transport member(s) 504 do not deliver laser energy to ablate tissue of



the subject. Instead, these transport member(s) 504 deliver laser energy to the sensor 510 to

facilitate actuation of the ancillary device(s) 508.

[00101] In some embodiments, the portion of the transport member(s) 504 that emits laser

energy toward the sensor 510 includes a buffer, coating, sheath, sticker, or patch that facilitates

indirect detection of emitted laser energy by the sensor 510. For example, the transport member(s)

504 may include a coating that fluoresces when exposed to laser energy, and the sensor 510 may

detect emission of photons by the coating. In some embodiments, the transport member(s) 504

include a fluorophore that is excited by 308nm laser light, such as coumarin-3-carboxy-(2,2,6,6-

tetramethylpiperidine-4-yl)amide 1, and the sensor 510 detects photon emission from the excited

fluorophore. In some embodiments, the coatings described above may be combined with other

types of coatings for the transport members 504, such as a polyimide coating. In some

embodiments, the coatings described above may be present at locations on the transport member(s)

504 where other coatings, such as polyamides, are absent. For example, the coatings may be present

on portions of the transport member(s) 504 within the input coupling 502, and the sensor 510 may

be carried in the input coupling 502.

[00102] In some embodiments, the laser ablation catheter 500 includes a control panel 518

that facilitates clinician control of the laser ablation catheter 500. In some embodiments, the control

panel 518 is formed on the housing 503. FIG. 6 illustrates an exemplary control panel 600 that may

be used as the control panel 518. The control panel 600 includes a housing 602, which may be the

housing 503 described above. In some embodiments, the housing 602 carries one or more clinician-

operable inputs and/or one or more indicators that are operatively coupled to the catheter controller

514. In some embodiments, the control panel 600 includes a first input 604 (for example, a button)

that may be actuated by the clinician to cause the laser ablation catheter 500 to enter an automatic

mode. In the automatic mode, the catheter controller 514 automatically controls actuation of the

ancillary device(s) 508, for example, in one of the manners described above (that is, the catheter

controller 514 actuates the ancillary device(s) 508 when the sensor 510 detects laser energy emitted

from the transport member(s) 504). In some embodiments and when the laser ablation catheter 500

is in the automatic mode, the first input 604 may be actuated by the clinician to cause the laser

ablation catheter 500 to exit the automatic mode. In some embodiments, the control panel 600

includes a first indicator 606 that indicates when the laser ablation catheter 500 is in the automatic

mode. The first indicator 606 may be a visual indicator (for example, a light-emitting diode), an



audible indicator (for example, a speaker that emits sound), a tactile indicator (for example, an

actuator that facilitates vibration of the control panel 600), or the like.

[00103] In some embodiments, the control panel 600 includes a second input 608 (for

example, a button) that may be actuated by the clinician to manually actuate the ancillary device(s)

508. That is, the clinician may press the second input 608 to cause the catheter controller 514 to

actuate the ancillary device(s) 508 regardless of whether the sensor 510 detects laser energy emitted

from the transport member(s) 504.

[00104] In some embodiments, the control panel 600 includes a third input 610 (for example,

a button) that may be actuated by the clinician to cause the laser ablation catheter 500 to turn "on"

and "off. When the laser ablation catheter 500 is "on", the first and second inputs 604 and 608

may be actuated to cause the catheter controller 514 to actuate the ancillary device(s) 508 as

described above. When the laser ablation catheter 500 is "off, the catheter controller 514 does not

actuate the ancillary device(s) 508 when the first or second inputs 604 and 608 are actuated. In

some embodiments, the control panel 600 includes a second indicator 612 that indicates when the

laser ablation catheter 500 is "on". The second indicator 612 may be a visual indicator (for

example, a light-emitting diode), an audible indicator (for example, a speaker that emit sounds), a

tactile indicator (for example, an actuator that facilitates vibration of the control panel 600), or the

like.

[00105] In some embodiments, the control panel 600 includes a third indicator 614 that

indicates when the sensor 510 detects laser energy emitted from the transport member(s) 504. The

third indicator 614 be a visual indicator (for example, a light-emitting diode), an audible indicator

(for example, a speaker that emit sounds), a tactile indicator (for example, an actuator that facilitates

vibration of the control panel 600), or the like.

[00106] In some embodiments, the control panel 600 lacks the inputs and indicators described

above and instead includes a touch-sensitive display device (not shown; for example, a touch-

sensitive LCD device). The touch-sensitive display device acts as an input device that the clinician

may manipulate to cause the laser ablation catheter 500 to enter and exit the automatic mode and

manually actuate the ancillary device(s) 508. The touch-sensitive display device also provides

visual indications when the laser ablation catheter 500 is in the automatic mode and when the sensor

510 detects laser energy emitted from the transport member(s) 504.



[00107] FIG. 7 illustrates an exemplary method for treating a subject by using a laser energy

generator and a laser energy delivery device, such as the base unit 102 and the laser ablation catheter

500, respectively. At block 702, the distal end 509 of the laser ablation catheter sheath 507 is

positioned within the appropriate tissue of the subject (for example, the vasculature). As a result,

the distal ends 506 of the transport members 504 are positioned within the appropriate tissue of the

subject. At block 704, the laser ablation catheter 500 is placed in the automatic mode, for example,

by pressing the first input 604. At block 706, the base unit 102 is activated to deliver laser energy

from the base unit 102, through the laser ablation catheter 500, and to the subject. In some

embodiments, for example, the base unit 102 is activated by pressing the foot-operated pedal switch

300. At block 708, the laser ablation catheter 500 detects transmission of laser energy through the

transport members 504. In some embodiments, for example, the sensor 510 detects laser energy

emitted from the transport members 504 and sends a signal to the catheter controller 514. At block

710, the laser ablation catheter 500 activates the ancillary device(s) 508. In some embodiments, for

example, the catheter controller 514 delivers energy from the power supply 516 to actuate the

ancillary device(s) 508 upon receiving the signal from the sensor 510. In some embodiments,

blocks 706, 708, 710 may occur substantially simultaneously. Blocks 706, 708, and 710 may be

repeated any number of times. The distal end 509 of the laser ablation catheter sheath 507 may be

translated within the tissue of the subject during blocks 706, 708, and 710.

[00108] FIG. 8 illustrates an exemplary laser ablation catheter 800. The laser ablation

catheter 800 includes an input coupling 802 that couples to an output coupling of a laser energy

generator, such as the output coupling 112 of the base unit 102. The input coupling 802 carries

proximal ends of transport members 804 (see FIG. 9) that receive laser energy from the base unit.

The transport members 804 transmit laser energy from their proximal ends, through a housing 806

of the laser ablation catheter 800, and to their distal ends, which are disposed at a distal tip or outer

band 808 of a sheath 810 of the laser ablation catheter 800. The transport members 804 emit laser

energy from their distal ends, or from the distal tip 808, to ablate tissue of the subject.

[00109] Generally, the laser ablation catheter 800 includes components that facilitate rotating

the distal tip 808 and adjacent portions of the sheath 810 in an "orbital" or "eccentric" manner. The

distal tip 808 may rotate in such a manner while delivering laser energy to tissue of a subject to

ablate tissue in a circular pattern that is larger than the distal tip 808. The components of the laser

ablation catheter 800 also facilitate rotating the distal tip 808 in an automatic mode (that is, rotating



the distal tip 808 when laser energy is transmitted through the laser ablation catheter 800) or a

manual mode (that is, rotating the distal tip 808 regardless of whether laser energy is transmitted

through the laser ablation catheter 800). In some embodiments, the components of the laser ablation

catheter 800 inhibit the distal tip 808 from consecutively rotating more than several rotations in one

direction to inhibit damaging the transport members 804. These aspects are described in further

detail below.

[00110] Referring to FIG. 9, in some embodiments, the input coupling 802 is adapted to

couple to a laser energy generator, such as the CVX-300 Excimer Laser System available from the

Spectranetics Corporation. At the input coupling 802, the laser energy generator delivers laser

energy to the proximal ends of the transport members 804 (for example, fiber optic cables). The

input coupling 802 may carry various numbers of transport members 804. In some embodiments,

the laser ablation catheter includes 106 ΙΟΟµιη fiber optic cables that serve as the transport members

804.

[00111] The input coupling 802 couples to a flexible cord 812. In some embodiments, the

flexible cord 812 includes a hollow flexible jacket 814 (formed of, for example, a polymer or the

like) through which the transport members 804 extend. Opposite the input coupling 802, the

flexible cord 812 couples to the housing 806 (see FIG. 10).

[00112] Referring now to FIGS. 10-12, the housing 806 includes a base 816 (see FIGS. 10

and 11) and a cover 818 (see FIG. 12) that may be formed of various materials (for example, a

polymer or the like). The base 816 and the cover 818 carry various components. The base 816 and

the cover 818 carry a trifurcate structure 820 that joins several components of the laser ablation

catheter 800.

[00113] The trifurcate structure 820 may be formed of various materials (for example, a

polymer or the like). Referring to FIGS. 11, 13, and 14, the trifurcate structure 820 includes a first

input branch 822 that defines a first passageway 824 (see FIG. 13). The first input branch 822

couples to the jacket 814 of the flexible cord 812, and the first passageway 824 receives the

transport members 804 (see FIG. 14). The trifurcate structure 820 also includes a second input

branch 826 that defines a second passageway 828 (see FIG. 13). The second passageway 828

receives a drive or torque wire 830 (see FIG. 13; a flexible wire formed of, for example, stainless

steel). As described in further detail below, the drive wire 830 rotates relative to the housing 806 to

eccentrically rotate the distal tip 808 of the laser ablation catheter sheath 810. The trifurcate



structure 820 further includes a third input branch 832 that defines a third passageway 834 (see FIG.

13). The third input branch 832 couples to a guide wire port 833, such as a Luer connector. The

guide wire port 833 in turn couples to a guide wire lumen 835 (for example, via an ultraviolet-cured

adhesive; see FIG. 14; the guide wire lumen 835 may be a flexible lumen formed of, for example,

stainless steel and adapted to receive, for example, a 0.018 diameter guide wire) that is disposed in

the third passageway 834.

[00114] In some embodiments, one or more of the input branches 822, 826, and 832 are

elongated structures. For example, the first and third input branches 822 and 832 may be elongated

structures. In some embodiments, one or more of the input branches 822, 826, and 832 are

relatively short structures. For example, the second input branch 826 may be a relatively short

structure.

[00115] The input branches 822, 826, and 832 couple to an output branch 836, and the input

passageways 824, 828, and 834 are in communication with an output passageway 838 (see FIG. 13)

defined by the output branch 836. The transport members 804, the drive wire 830, and the guide

wire lumen 835 extend from the first passageway 824, the second passageway 828, and the third

passageway 834, respectively, and into the output passageway 838. As described in further detail

below, the output branch 836 couples to the laser ablation catheter sheath 810 opposite the input

branches 822, 826, and 832.

[00116] Referring again to FIG. 11, the base 816 and the cover 818 of the housing 806 also

carry a prime mover 840 that is coupled to and rotatably drives the drive wire 830. In some

embodiments, the prime mover 840 includes an electric motor 842 that drives a speed reducer 844,

such as a gearbox. The speed reducer 844 drives a coupling 846 by connecting to the proximal end

of the coupling 846, and the coupling 846 drives the drive wire 830. In some embodiments, the

distal end of the coupling 846 includes a non-circular opening (for example, a rectangular opening;

not shown) that receives a non-circular proximal end of the drive wire 830 (for example, a

rectangular proximal end of the drive wire 830). The non-circular opening of the coupling 846 and

the non-circular proximal end of the drive wire 830 may be other shapes, such as triangular,

trapezoidal, elliptical, or the like. As such, the drive wire 830 may be rotatably fixed to and

translatably movable relative to the coupling 846 such that the drive wire 830 may translate relative

to the coupling 846 as the drive wire 830 eccentrically rotates the distal tip 808 of the laser ablation

catheter sheath 810.



[00117] The prime mover 840 and the drive wire 830 together form an ancillary device that

augments tissue ablation. Specifically, the prime mover 840 and the drive wire 830 facilitate

rotating the distal tip 808 and adjacent portions of the sheath in an eccentric manner.

[00118] The housing 806 further carries a catheter electronic controller 848. In some

embodiments, the catheter controller 848 is a circuit board. The catheter controller 848 delivers

energy from a power supply 850, such as a battery, to the prime mover 840 to drive the prime mover

840, the drive wire 830, and the distal tip 808 of the sheath 810.

[00119] In some embodiments, the catheter controller 848 includes a rotational position

sensor 852, such as an optical encoder, that is carried by the electric motor 842. The rotational

position sensor 852 determines the rotational position of the shaft (not shown) of the electric motor

842. As a result, the rotational position sensor 852 determines the rotational position of the drive

wire 830 and the distal tip 808 of the sheath 810. In some embodiments, the catheter controller 848

uses rotational position information to inhibit the distal tip 808 from consecutively rotating more

than several rotations in one direction, which in turn inhibits damaging the transport members 804.

For example, the catheter controller 848 may limit the rotational range of motion of the distal tip

808 by de-energizing the electric motor 842 when the distal tip 808 reaches a clockwise rotational

limit or a counterclockwise rotational limit. When the distal tip 808 is at the clockwise rotational

limit, the catheter controller 848 may drive the electric motor 842, and the distal tip 808, in a

counterclockwise rotational direction. Similarly, when the distal tip 808 is at the counterclockwise

rotational limit, the catheter controller 848 may drive the electric motor 842, and the distal tip 808,

in a clockwise rotational direction.

[00120] Referring to FIGS. 11 and 13, the housing 806 further carries a laser energy

transmission sensor 854. The sensor 854 detects a relatively small amount of laser energy that is

emitted, or "leaked", from the transport members 804 when laser energy is transmitted through the

transport members 804. In some embodiments, the sensor 854 includes a photodiode 856 (see FIG.

13) that is disposed in an opening 858 formed in the first input branch 822 of the trifurcate structure

820. The opening 858 is in communication with the first passageway 824 of the trifurcate structure

820, and the photodiode 856 is disposed adjacent the transport members 804 to detect laser energy

emitted therefrom.



[00121] In some embodiments, the sensor 854 detects various wavelengths or various ranges

of wavelengths of emitted laser energy. In some embodiments, the sensor 854 detects emitted laser

energy having a wavelength of 308nm.

[00122] In some embodiments, the sensor 854 detects emitted laser energy along a straight

portion of one or more of the transport members 804. In some embodiments, one or more of the

transport members 804 form a curve or bend within the first passageway 824, and the sensor 854

detects laser energy emitted from the bend. The bend may take a variety of shapes and forms. For

example, the bend could be formed as one or more turns, loops, or coils in one or more transport

members 804.

[00123] In some embodiments, the portion of the transport members 804 that emits laser

energy toward the sensor 854 includes a buffer, coating, sheath, sticker, or patch that facilitates

indirect detection of emitted laser energy by the sensor 854. For example, the transport members

804 may include a coating that fluoresces when exposed to laser energy, and the sensor 854 may

detect emission of photons by the coating. In some embodiments, the transport members 804

include a fluorophore that is excited by 308nm laser light, such as coumarin-3-carboxy-(2,2,6,6-

tetramethylpiperidine-4-yl)amide 1, and the sensor 854 detects photon emission from the excited

fluorophore. In some embodiments, the coatings described above may be combined with other

types of coatings for the transport members 804, such as a polyimide coating.

[00124] When the sensor 854 detects laser energy emitted from the transport members 804,

the sensor 854 transmits a signal to a catheter controller 848. In some embodiments, upon receiving

the signal from the sensor 854, the catheter controller 848 actuates the prime mover 840 to rotate the

drive wire 830 and the distal tip 808 of the sheath 810.

[00125] In some embodiments, the catheter controller 848 actuates the prime mover 840 (for

example, by delivering energy from the power supply 850 to the prime mover 840) only when the

sensor 854 detects laser energy emitted from the transport members 804. When the sensor 854 does

not detect emitted laser energy, the catheter controller 848 deactivates the prime mover 840 (for

example, the catheter controller 848 stops delivering energy from the power supply 850 to the prime

mover 840).

[00126] In some embodiments, the catheter controller 848 continuously actuates the prime

mover 840 (for example, by delivering energy from the power supply 850 to the prime mover 840)

when the sensor 854 detects a series of emitted laser energy pulses from the transport members 804.



When the sensor 854 does not detect emitted laser energy from the transport members 804 for a time

period that is longer than the time period between laser energy pulses, the catheter controller 848

deactivates the prime mover 840 (for example, the catheter controller 848 stops delivering energy

from the power supply 850 to the prime mover 840).

[00127] In some embodiments, the catheter controller 848 actuates the prime mover 840 for a

predetermined time period after the sensor 854 detects laser energy emitted from the transport

members 804 (for example, by delivering energy from the power supply 850 to the prime mover

840). After the predetermined time period elapses, the catheter controller 848 deactivates the prime

mover 840 (for example, the catheter controller 848 stops delivering energy from the power supply

850 to the prime mover 840).

[00128] In some embodiments, the laser ablation catheter 800 includes a control panel 860

(see FIG. 15) that facilitates clinician control of the laser ablation catheter 800. In some

embodiments, the control panel 860 is formed on the housing 806. The control panel 860 includes

several clinician-operable inputs and/or indicators that are operatively coupled to the catheter

controller 848. The control panel 860 includes a first input 862 (for example, a button). The first

input 862 may be actuated by the clinician to cause the laser ablation catheter 800 to enter an

automatic mode. In the automatic mode, the catheter controller 848 automatically controls actuation

of the prime mover 840 and, as a result, rotation of the drive wire 830 and the distal tip 808 of the

sheath 810. Specifically, the catheter controller 848 actuates the prime mover 840 only when the

sensor 854 detects laser energy is being emitted from the transport members 804. In some

embodiments and when the laser ablation catheter 800 is in the automatic mode, the first input 862

may be actuated by the clinician to cause the laser ablation catheter 800 to exit the automatic mode.

The control panel 860 includes a first visual indicator 864 (for example, a light-emitting diode) that

indicates when the laser ablation catheter 800 is in the automatic mode.

[00129] The control panel 860 includes a second input 866 (for example, a button) that may

be actuated by the clinician to manually actuate the prime mover 840. That is, the clinician may

press the second input 866 to cause the catheter controller 848 to actuate the prime mover 840

regardless of whether the sensor 854 detects laser energy emitted from the transport members 804.

In addition, pressing the second input 866 actuates the prime mover 840 in a manner that rotates the

drive wire 830 and the distal tip 808 of the sheath 810 in a first direction (for example, clockwise

when facing the distal tip 808).



[00130] The control panel 860 includes a third input 868 (for example, a button) that may be

actuated by the clinician to manually actuate the prime mover 840. That is, the clinician may press

the third input 868 to cause the catheter controller 848 to actuate the prime mover 840 regardless of

whether the sensor 854 detects laser energy emitted from the transport members 804. In addition,

pressing the third input 868 actuates the prime mover 840 in a manner that rotates the drive wire 830

and the distal tip 808 of the sheath 810 in a second direction (for example, counterclockwise when

facing the distal tip 808).

[00131] In some embodiments, the first input 862 may be actuated by the clinician to cause

the laser ablation catheter 800 to enter a "watching" mode. In the watching mode, the catheter

controller 848 actuates the prime mover 840 when (1) the sensor 854 detects laser energy is being

emitted from the transport members 804 and (2) one of the second input 866 and the third input 868

is actuated (to cause rotation of the distal tip 808 of the sheath 810 in the first and second directions,

respectively). In some embodiments and when the laser ablation catheter 800 is in the watching

mode, the first input 862 may be actuated by the clinician to cause the laser ablation catheter 800 to

exit the watching mode. The first visual indicator 864 may indicate when the laser ablation catheter

800 is in the watching mode.

[00132] The control panel 860 includes a fourth input 870 (for example, a button). The fourth

input 870 may be actuated by the clinician to actuate the prime mover 840 in a manner that returns

the drive wire 830 and the distal tip 808 of the sheath 810 to a rotational "home" position. In some

embodiments, the rotational home position is approximately half way between the clockwise

rotational limit and the counterclockwise rotational limit. In some embodiments, the catheter

controller 848 uses information received from the rotational position sensor 852 to determine a

current rotational position of the drive wire 830 and the distal tip 808 of the sheath 810. The

catheter controller 848 compares the current rotational position to the rotational home position to

determine the direction and amount of rotation needed to return of the drive wire 830 and the distal

tip 808 of the sheath 810 to the rotational home position.

[00133] In some embodiments, the laser ablation catheter 800 includes a mechanical device

(for example, one or more springs) that is adapted to urge the drive wire 830 and the distal tip 808 of

the sheath 810 to the rotational home position.

[00134] In some embodiments, the control panel 860 includes a fifth input 872 (for example,

a button) that may be actuated by the clinician to cause the laser ablation catheter 800 to turn "on"



and "off. When the laser ablation catheter 800 is "on", the inputs 862, 866, 868, and 870 may be

actuated to cause the catheter controller 848 to actuate the prime mover 840 as described above.

When the laser ablation catheter 800 is "off, the catheter controller 848 does not actuate the prime

mover 840 when the inputs 862, 866, 868, and 870 are actuated. In some embodiments, the control

panel 860 includes a second visual indicator 874 (for example, a light-emitting diode) that indicates

when the laser ablation catheter 800 is "on".

[00135] In some embodiments, the control panel 860 includes a third visual indicator 876 (for

example, a light-emitting diode) that indicates the presence of a device error or fault condition (for

example, as detected by the catheter controller 848). For example, device errors and fault conditions

may include the prime mover 840 rotating past a rotational limit, a reduction in power to the prime

mover 840, and the prime mover 840 failing to rotate in response to actuation of one or more of the

inputs 866, 868, and 870.

[00136] In some embodiments, when the laser ablation catheter 800 is in the automatic mode

and the catheter controller 848 automatically controls actuation of the prime mover 840, the catheter

controller 848 monitors the rotational position of the drive wire 830 and the distal tip 808 of the

sheath 810 (for example, based on information received from the rotational position sensor 852).

When the drive wire 830 and the distal tip 808 of the sheath 810 reach one of the rotational limits,

the catheter controller 848 may automatically reverse the direction of rotation of the prime mover

840, the drive wire 830 and the distal tip 808 of the sheath 810. That is, the prime mover 840 may

rotate the drive wire 830 and the distal tip 808 of the sheath 810 in a clockwise direction until the

drive wire 830 and the distal tip 808 reach the clockwise rotational limit. Thereafter, the prime

mover 840 may rotate the drive wire 830 and the distal tip 808 in a counterclockwise direction.

Similarly, the prime mover 840 may rotate the drive wire 830 and the distal tip 808 in the

counterclockwise direction until the drive wire 830 and the distal tip 808 reach the counterclockwise

rotational limit. Thereafter, the prime mover 840 may rotate the drive wire 830 and the distal tip

808 in the clockwise direction. In some embodiments, when the laser ablation catheter 800 is in the

automatic mode and the laser energy transmission sensor 854 detects laser energy emitted from the

transport members 804, the catheter controller 848 actuates the prime mover 840 in a manner that

rotates the distal tip 808 of the sheath 810 in a first direction (for example, a clockwise direction) for

several rotations (for example, six rotations), then rotates the distal tip 808 in a second direction (for

example, a counterclockwise direction) for several rotations (for example, twelve rotations), then



rotates the distal tip 808 in the first direction for several rotations (for example, twelve rotations),

and so forth. The distal tip 808 may continue to rotate in this manner until the laser energy

transmission sensor 854 no longer detects laser energy emitted from the transport members 804 or

for a predetermined number of cycles.

[00137] In some embodiments, when the distal tip 808 of the sheath 810 is manually rotated

by pressing the inputs 866 and 868, the catheter controller 848 monitors the rotational position of

the drive wire 830 and the distal tip 808 (for example, based on information received from the

rotational position sensor 852). When the drive wire 830 and the distal tip 808 reach one of the

rotational limits, the catheter controller 848 may automatically inhibit rotation of the drive wire 830

and the distal tip 808 (for example, by de-energizing the prime mover 840). That is, the clinician

may actuate the second input 866 to rotate the drive wire 830 and the distal tip 808 in a first

direction (for example, a clockwise direction) until the drive wire 830 and the distal tip 808 reach a

first of the rotational limits (for example, the clockwise rotational limit). The catheter controller 848

then automatically inhibits rotation of the drive wire 830 and the distal tip 808 in the first direction

regardless of whether the clinician actuates the second input 866. However, the clinician may

actuate the third input 868 to rotate the drive wire 830 and the distal tip 808 in a second direction

(for example, a counterclockwise direction). Similarly, the clinician may actuate the third input 868

to rotate the drive wire 830 and the distal tip 808 in the second direction (for example, the

counterclockwise direction) until the drive wire 830 and the distal tip 808 reach a second of the

rotational limits (for example, the counterclockwise rotational limit). The catheter controller 848

then automatically inhibits rotation of the drive wire 830 and the distal tip 808 in the second

direction regardless of whether the clinician actuates the third input 868. However, the clinician

may actuate the second input 866 to rotate the drive wire 830 and the distal tip 808 in the first

direction (for example, the clockwise direction).

[00138] Referring now to FIGS. 16 and 17A-17C, the laser catheter sheath 810 is adapted to

be positioned within the vasculature of the subject. The laser catheter sheath 810 includes an outer

jacket 878 that is coupled to the output branch 836 of the trifurcate structure 820 (see FIG. 11). The

outer jacket 878 is a flexible component that may be formed of, for example, a polymer. The outer

jacket 878 defines a sheath passageway 880 that is in communication with the output passageway

838 of the trifurcate structure 820. The sheath passageway 880 receives the transport members 804,

the drive wire 830, and the guide wire lumen 835 from the output passageway 880, and the transport



members 804, the drive wire 830, and the guide wire lumen 835 extend through the sheath

passageway 880 from a proximal end of the sheath 810 to the distal tip 808.

[00139] FIG. 17A illustrates a cross-section of a proximal portion of the laser ablation

catheter sheath 810. At the proximal portion of the laser ablation catheter sheath 810, the transport

members 804, the drive wire 830, and the guide wire lumen 835 are translatably and rotatably

disposed within the outer jacket 878. That is, at the proximal portion of the laser ablation catheter

sheath 810, the transport members 804, the drive wire 830, the guide wire lumen 835, and the outer

jacket 878 are movable relative to each other. In some embodiments, at the proximal portion of the

laser ablation catheter sheath 810, the drive wire 830 may have a non-circular cross-sectional shape.

For example, the proximal portion of the drive wire 830 may have a rectangular cross-sectional

shape including a width of about 0.020 inches and a height of about 0.008 inches. The non-circular

cross-sectional shape of the drive wire 830 may extend proximally into the housing 806 and, as

described briefly above, couple to a non-circular opening of the prime mover coupling 846. The

proximal portion of the drive wire 830 may also have other non-circular cross-sectional shapes, such

as triangular, square, pentagonal, hexagonal, octagonal, etc. Additionally or alternatively, the

central portion and distal portion of the drive wire 830 may also have such non-circular cross-

sectional shapes. For example, the proximal portion of the drive wire 830 may have a circular

cross-sectional shape, and the distal portion of the drive wire 830 may have a non-circular cross-

sectional shape.

[00140] FIG. 17B illustrates a cross-section of an intermediate portion of the laser ablation

catheter sheath 810. At the intermediate portion of the laser ablation catheter sheath 810, the

transport members 804, the drive wire 830, and the guide wire lumen 835 are translatably and

rotatably disposed within the outer jacket 878. That is, at the intermediate portion of the laser

ablation catheter sheath 810, the transport members 804, the drive wire 830, the guide wire lumen

835, and the outer jacket 878 are movable relative to each other. In some embodiments, at the

intermediate portion of the laser ablation catheter sheath 810, the drive wire 830 may have a circular

cross-sectional shape (with a diameter of, for example, 0.014 inches).

[00141] FIGS. 17C and 17D illustrate an end view and a side view, respectively, of the distal

tip 808 of the laser ablation catheter sheath 810. In some embodiments, at the distal tip 808, the

drive wire 830 may have a circular cross-sectional shape (with a diameter of, for example, 0.021

inches). In some embodiments, the drive wire 830 may have a circular cross-sectional shape that



tapers to a smaller diameter proceeding toward the distal tip 808. Such a structure may facilitate

deliverability through anatomy. At the distal tip 808, the guide wire lumen 835 is coupled to the

drive wire 830 and the distal tip 808 by a first connection 882 (for example, a welded connection).

In addition, the first connection 882, the drive wire 830, and the transport members 804 are coupled

to each other by a second connection 884 (for example, an epoxy connection). In some

embodiments and as shown in FIG. 17D, the transport members 804, the guide wire lumen 835, the

drive wire 830, the first connection 882, and the second connection 884 form an atraumatic, conical-

shaped leading edge of the distal tip 808. The leading edge may form an angle of about 23 degrees

with a plane perpendicular to a longitudinal axis of the laser ablation catheter sheath 810. At the

distal tip 808, the guide wire lumen 835 and the drive wire 830 are eccentrically positioned within

the distal tip 808. Due to this arrangement, the distal tip 808 rotates in an "orbital" or "eccentric"

manner about an eccentric axis when the drive wire 830 rotates. The position of the eccentric axis

depends on the stiffness of the drive wire 830 and the stiffness of the guide wire, among other

things. In any case, the eccentric rotation of the distal tip 808 permits the transport members 804,

which are positioned in a semi-circular array within the distal tip 808, to deliver laser energy and

ablate tissue in a circular pattern that is larger than the distal tip 808.

[00142] Again, as the prime mover 840 rotates, the drive wire 830 rotates, which in turn

causes the distal tip 808 of the sheath 810 to rotate. That is, every rotation of the prime mover 840

creates a corresponding rotation of the drive wire 830. Outside the subject's vasculature and when

the sheath 810 is straight, there a one-to-one ratio of rates of rotation between the prime mover 840,

the drive wire 830, and the distal tip 808 of the sheath 810. However, when the sheath 810 is placed

within a subject's vasculature, which typically includes bends, there is less than a one-to-one ratio of

rates of rotation between the (1) prime mover 840 and the proximal end of the drive wire 830 and

(2) the distal end of the drive wire 830 and the distal tip 808 of the sheath 810.

[00143] In some embodiments, the outer jacket 878, the transport members 804, and the

guide wire lumen 835 rotate to a limited extent at the proximal and intermediate portions of the

sheath 810 as the drive wire 830 rotates. These components rotate in this manner because they are

coupled to the distal tip 808 of the sheath 810.

[00144] FIGS. 18A-18E illustrate an exemplary process diagram and method for treating a

subject by using a laser energy generator and a laser energy delivery device, such as the base unit

102 and the laser ablation catheter 800, respectively. At block 1802, the distal tip 808 of the laser



ablation catheter sheath 810 is positioned within the appropriate tissue of the subject (for example,

the vasculature). As a result, the distal ends of the transport members 504 are positioned within the

appropriate tissue of the subject. In some embodiments, the catheter sheath 810 is positioned within

the appropriate tissue of the subject by inserting the distal end of a guide wire (not shown) into the

guide wire port 833. The distal end of the guide wire is translated through the trifurcate structure

820 and the laser ablation catheter sheath 810 such that this distal end of the guide wire protrudes

from the distal tip 808 of the laser ablation catheter sheath 810. The guide wire is translated through

the vasculature of the subject and crosses a blockage to be ablated. The laser ablation catheter

sheath 810 is then translated along the guide wire to position the distal tip 808 near the blockage.

[00145] After the distal tip 808 of the laser ablation catheter sheath 810 is positioned within

the appropriate tissue of the subject, laser energy may be selectively delivered to the subject (for

example, by pressing the foot-operated pedal switch 300).

[00146] At block 1804, the catheter controller 848 determines if any of the inputs 862, 866,

868, or 870 have been actuated by the clinician.

[00147] If the first input 862 has been actuated, the laser ablation catheter 800 enters the

automatic mode (see FIG. 18B). In the automatic mode, at block 1806, the catheter controller 848

determines if laser energy is being transmitted through the transport members 804 (for example, by

receiving the signal from the laser emission energy sensor 854). If laser energy is not being

transmitted through the transport members 804, the catheter controller 848 continues to monitor the

transport members 804 for laser energy transmission (that is, the catheter controller 848 does not

actuate the prime mover 840 to rotate the drive wire 830 and the distal tip 808). If laser energy is

being transmitted through the transport members 804, the catheter controller 848 determines if the

drive wire 830 and the distal tip 808 are at the first rotational limit (see block 1808; for example,

based on information received from the rotational position sensor 852). If the drive wire 830 and

the distal tip 808 are not at the first rotational limit, the catheter controller 848 actuates the prime

mover 840 to rotate the drive wire 830 and the distal tip 808 in a first direction (see block 1810; for

example, a clockwise direction). The catheter controller 848 continues to actuate the prime mover

840 until (1) the drive wire 830 and the distal tip 808 reach the first rotational limit (for example, a

clockwise rotational limit), or (2) laser energy is no longer transmitted through the transport

members 804 (see block 1806). When the drive wire 830 and the distal tip 808 are at the first



rotational limit, the catheter controller 848 does not actuate the prime mover 840 to rotate the drive

wire 830 and the distal tip 808 in the first direction, and the process continues to block 1812.

[00148] At block 1812, the catheter controller 848 determines if laser energy is being

transmitted through the transport members 804 (for example, by receiving the signal from the laser

emission energy sensor 854). If laser energy is not being transmitted through the transport members

804, the catheter controller 848 continues to monitor the transport members 804 for laser energy

transmission (that is, the catheter controller 848 does not actuate the prime mover 840 to rotate the

drive wire 830 and the distal tip 808). If laser energy is being transmitted through the transport

members 804, the catheter controller 848 determines if the drive wire 830 and the distal tip 808 are

at the second rotational limit (see block 1814; for example, based on information received from the

rotational position sensor 852). If the drive wire 830 and the distal tip 808 are not at the second

rotational limit, the catheter controller 848 actuates the prime mover 840 to rotate the drive wire 830

and the distal tip 808 in a second direction (see block 1816; for example, a counterclockwise

direction). The catheter controller 848 continues to actuate the prime mover 840 until (1) the drive

wire 830 and the distal tip 808 reach the second rotational limit (for example, a counterclockwise

rotational limit), or (2) laser energy is no longer transmitted through the transport members 804 (see

block 1812). When the drive wire 830 and the distal tip 808 are at the second rotational limit, the

catheter controller 848 does not actuate the prime mover 840 to rotate the drive wire 830 and the

distal tip 808 in the second direction, and the process returns to block 1806.

[00149] The process illustrated in FIG. 18B may continue indefinitely, or the first input 862

may be actuated at any point during the process to exit the automatic mode and return the process to

block 1804 (see FIG. 18A).

[00150] Briefly returning to FIG. 18A, if the second input 866 has been actuated, the laser

ablation catheter 800 enters a manual drive mode (see FIG. 18C). At block 1818, the catheter

controller 848 determines if the drive wire 830 and the distal tip 808 are at the first rotational limit

(for example, based on information received from the rotational position sensor 852). If the drive

wire 830 and the distal tip 808 are at the first rotational limit, the process returns to block 1804 (see

FIG. 18A; that is, the catheter controller 848 does not actuate the prime mover 840 to rotate the

drive wire 830 and the distal tip 808). If the drive wire 830 and the distal tip 808 are not at the first

rotational limit, the catheter controller 848 actuates the prime mover 840 to rotate the drive wire 830

and the distal tip 808 in the first direction (see block 1820). The process then returns to block 1804



(see FIG. 18A), although the second input 866 may be continuously actuated (for example,

continuously pressed) to continuously rotate the drive wire 830 and the distal tip 808 in the first

direction (until reaching the first rotational limit).

[00151] Briefly returning to FIG. 18A, if the third input 868 has been actuated, the laser

ablation catheter 800 enters a manual drive mode (see FIG. 18D). At block 1822, the catheter

controller 848 determines if the drive wire 830 and the distal tip 808 are at the second rotational

limit (for example, based on information received from the rotational position sensor 852). If the

drive wire 830 and the distal tip 808 are at the second rotational limit, the process returns to block

1804 (see FIG. 18A; that is, the catheter controller 848 does not actuate the prime mover 840 to

rotate the drive wire 830 and the distal tip 808). If the drive wire 830 and the distal tip 808 are not

at the second rotational limit, the catheter controller 848 actuates the prime mover 840 to rotate the

drive wire 830 and the distal tip 808 in the second direction (see block 1824). The process then

returns to block 1804 (see FIG. 18A), although the third input 868 may be continuously actuated

(for example, continuously pressed) to continuously rotate the drive wire 830 and the distal tip 808

in the second direction (until reaching the second rotational limit).

[00152] Briefly returning to FIG. 18A, if the fourth input 870 has been actuated, the drive

wire 830 and the distal tip 808 return to the rotational home position (see FIG. 18E). At block 1826,

the catheter controller 848 determines if the drive wire 830 and the distal tip 808 are at the rotational

home position (for example, based on information received from the rotational position sensor 852).

If the drive wire 830 and the distal tip 808 are at the rotational home position, the process returns to

block 1804 (see FIG. 18A; that is, the catheter controller 848 does not actuate the prime mover 840

to rotate the drive wire 830 and the distal tip 808). If the drive wire 830 and the distal tip 808 are

not at the rotational home position, the catheter controller 848 actuates the prime mover 840 to

rotate the drive wire 830 and the distal tip 808 toward the rotational home position (see block 1828).

The drive wire 830 and the distal tip 808 rotate until they reach the rotational home position, and the

process then returns to block 1804 (see FIG. 18A).

[00153] In some embodiments, any of the catheter controllers described herein (for example,

the catheter controller 514 or 848) may include a non-transitory tangible computer-readable storage

medium (for example, flash memory or the like) and a processor. The non-transitory tangible

computer-readable storage medium has stored thereon instructions which, when executed by the



processor, cause the processor to perform any of the methods or processes described herein (for

example, the method illustrated in FIGS. 18A-18E).

[00154] FIG. 19 illustrates an exemplary control panel 1900 of a laser ablation catheter, such

as the laser ablation catheter 800 described above. That is, the laser ablation catheter 800 may

include the control panel 1900 in lieu of the control panel 860 described above. Components of the

laser ablation catheter 800 are referenced in the following description for illustrative purposes,

although it is to be understood that the control panel 1900 may be used with other laser ablation

catheters.

[00155] The control panel 1900 facilitates clinician control of the laser ablation catheter. The

control panel 1900 includes several clinician-operable inputs and/or indicators that are operatively

coupled to the catheter controller 848.

[00156] The control panel 1900 includes a first input 1902 (for example, a button) that may

be actuated by the clinician to actuate the prime mover 840. That is, the clinician may press the first

input 1902 to cause the catheter controller 848 to actuate the prime mover 840 and thereby rotate the

drive wire 830 and the distal tip 808 of the sheath 810. In addition, pressing the first input 1902

actuates the prime mover 840 in a manner that rotates the drive wire 830 and the distal tip 808 of the

sheath 810 in a first direction (for example, clockwise when facing the distal tip 808). The control

panel 1900 includes a first visual indicator 1904 (for example, a light-emitting diode) that indicates

when the first input 1902 is actuated and the prime mover 840, the drive wire 830, and the distal tip

808 of the sheath 810 are rotating in the first direction.

[00157] The control panel 1900 includes a second input 1906 (for example, a button) that

may be actuated by the clinician to actuate the prime mover 840. That is, the clinician may press the

second input 1906 to cause the catheter controller 848 to actuate the prime mover 840 and thereby

rotate the drive wire 830 and the distal tip 808 of the sheath 810. In addition, pressing the second

input 1906 actuates the prime mover 840 in a manner that rotates the drive wire 830 and the distal

tip 808 of the sheath 810 in a second direction (for example, counterclockwise when facing the

distal tip 808). The control panel 1900 includes a second visual indicator 1908 (for example, a

light-emitting diode) that indicates when the second input 1906 is actuated and the prime mover

840, the drive wire 830, and the distal tip 808 of the sheath 810 are rotating in the second direction.

[00158] The control panel 1900 further includes a plurality of visual indicators, such as a

third visual indicator 1910A (for example, a light-emitting diode), a fourth visual indicator 1910B



(for example, a light-emitting diode), a fifth visual indicator 1910C (for example, a light-emitting

diode), a sixth visual indicator 1910D (for example, a light-emitting diode), and a seventh visual

indicator 1910E (for example, a light-emitting diode). The visual indicators may be energized (for

example, illuminated) based on the rotational position of the prime mover 840 (as determined by the

rotational position sensor 852), the proximal end of the drive wire 830, and, generally, the distal end

of the drive wire 830 and the distal tip 808 of the sheath 810.

[00159] For example, one or more of the visual indicators may be energized when the

rotational position of the prime mover 840 reaches or passes a specific threshold, and one of the

visual indicators may be energized when the rotational position of the prime mover 840 has not

reached a threshold. As a specific example, the prime mover 840 may have a "home" position in

which the drive wire 830 and the distal end of the sheath 810 are not rotated relative to the housing

806. From the home position, the prime mover 840 may rotate over an angle a (for example, 2160

degrees) in a first direction (that is, the prime mover 840 may rotate until it reaches a first rotational

limit, referred to here as +a). The first direction may be, for example, clockwise when facing the

distal tip 808. Similarly, from the home position the prime mover 840 may rotate over the angle a

in a second direction (that is, the prime mover 840 may rotate until it reaches a second rotational

limit, referred to here as -a). The second direction may be, for example, counterclockwise when

facing the distal tip 808. As such, the rotational range of the prime mover 840 is 2a (for example,

4320 degrees). The rotational position of the prime mover 840 is referred to here as β and the home

position is defined as β=0. As such, β is positive when the rotational position of the prime mover

840 is closer to the first rotational limit than the second rotational limit and β is negative when the

rotational position of the prime mover 840 is closer to the second rotational limit than the first

rotational limit. With this definition, the visual indicator thresholds may be +a, +0.5a, -0.5a, -a,

and the visual indicators may be energized, as follows:

third visual indicator 1910A: β = +α

fourth visual indicator 1910B: +a > β > +0.5a

fifth visual indicator 1910C : +0.5α > β > -0 .5a

sixth visual indicator 1910D: -0.5α > β > -a

seventh visual indicator 191 0E: β = -α

[00160] Stated another way, for example, the third visual indicator 1910A is energized when

the rotational position of the prime mover 840 is 2160 degrees (that is, β = 2160 degrees) and the



seventh visual indicator 1910E is energized when the rotational position of the prime mover 840 is

-2160 degrees (that is, β = -2160 degrees).

[00161] As another example, each visual indicator may correspond to a portion of the

rotational range of the prime mover 840, and each visual indicator may be energized when the prime

mover 840 is rotationally positioned with its specific portion of the rotational range. As a specific

example, the prime mover 840 may have a "home" position in which the drive wire 830 and the

distal end of the sheath 810 are not rotated relative to the housing 806. From the home position, the

prime mover 840 may rotate over an angle a (for example, 2160 degrees) in a first direction (that is,

the prime mover 840 may rotate until it reaches a first rotational limit, referred to here as +a). The

first direction may be, for example, clockwise when facing the distal tip 808. Similarly, from the

home position the prime mover 840 may rotate over the angle a in a second direction (that is, the

prime mover 840 may rotate until it reaches a second rotational limit, referred to here as -a). The

second direction may be, for example, counterclockwise when facing the distal tip 808. As such,

the rotational range of the prime mover 840 is 2a (for example, 4320 degrees). The rotational

position of the prime mover 840 is referred to here as β and the home position is defined as β=0. As

such, β is positive when the rotational position of the prime mover 840 is closer to the first rotational

limit than the second rotational limit and β is negative when the rotational position of the prime

mover 840 is closer to the second rotational limit than the first rotational limit. With this definition,

the visual indicators may be energized when the rotational position of the prime mover 840 is as

follows:

third visual indicator 1910A: +α > β > +0.75a

fourth visual indicator 1910B: +0.75α > β > +0.25α

fifth visual indicator 1910C: +0.25α > β > -0.25 α

sixth visual indicator 1910D: -0.25α > β > -0.75α

seventh visual indicator 1910E: -0.75α > β > -α



[00162] With the previous definition and as another example, the visual indicators may be

energized when the rotational position of the prime mover 840 is as follows:

third visual indicator 191OA: +α > β > +(5/6)a

fourth visual indicator 1910B: +(5/6)α > β > +(l/6)a

fifth visual indicator 1910C: +(1/6)α > β > -(l/6)a

sixth visual indicator 1910D: -(1/6)α > β > -(5/6)a

seventh visual indicator 1910E: -(5/6)α > β > -a

[00163] With the previous definition and as yet another example, the visual indicators may be

energized when the rotational position of the prime mover 840 is as follows:

third visual indicator 191OA: +α > β > +(5/6)a

fourth visual indicator 1910B: +(5/6)α > β > +(l/3)a

fifth visual indicator 1910C: +(1/3)α > β > -(l/3)a

sixth visual indicator 1910D: -(1/3)α > β > -(5/6)a

seventh visual indicator 1910E: -(5/6)α > β > -a

[00164] The control panel 1900 further includes a third input 1912 (for example, a button)

that may be actuated by the clinician to cause the laser ablation catheter 800 to turn "on" and "off.

When the laser ablation catheter 800 is "on", the inputs 1902 and 1906 may be actuated to cause the

catheter controller 848 to actuate the prime mover 840 as described above. When the laser ablation

catheter 800 is "off, the catheter controller 848 does not actuate the prime mover 840 when the

inputs 1902 and 1906 are actuated. In some embodiments, the control panel 1900 includes an eighth

visual indicator 1914 (for example, a light-emitting diode) that indicates when the laser ablation

catheter 800 is "on".

[00165] In some embodiments, the control panel 1900 includes a ninth visual indicator 1916

(for example, a light-emitting diode) that indicates the presence of a device error or fault condition

(for example, as detected by the catheter controller 848). For example, device errors and fault

conditions may include the prime mover 840 rotating past a rotational limit, a reduction in power to

the prime mover 840, and the prime mover 840 failing to rotate in response to actuation of one or

more of the inputs 1902 and 1906.

[00166] FIG. 20 illustrates an exemplary control panel 2000 of a laser ablation catheter, such

as the laser ablation catheter 800 described above. That is, the laser ablation catheter 800 may

include the control panel 2000 in lieu of the control panel 860 described above. Components of the



laser ablation catheter 800 are referenced in the following description for illustrative purposes,

although it is to be understood that the control panel 2000 may be used with other laser ablation

catheters.

[00167] The control panel 2000 facilitates clinician control of the laser ablation catheter. The

control panel 2000 includes several clinician-operable inputs and/or indicators that are operatively

coupled to the catheter controller 848.

[00168] The control panel 2000 includes a first input 2002 (for example, a button) that may

be actuated by the clinician to actuate the prime mover 840. That is, the clinician may press the first

input 2002 to cause the catheter controller 848 to actuate the prime mover 840 and thereby rotate the

drive wire 830 and the distal tip 808 of the sheath 810. In addition, pressing the first input 2002

actuates the prime mover 840 in a manner that rotates the drive wire 830 and the distal tip 808 of the

sheath 810 in a first direction (for example, clockwise when facing the distal tip 808). The control

panel 2000 includes a first visual indicator 2004 (for example, a light-emitting diode) that indicates

when the first input 2002 is actuated and the prime mover 840, the drive wire 830, and the distal tip

808 of the sheath 810 are rotating in the first direction.

[00169] The control panel 2000 includes a second input 2006 (for example, a button) that

may be actuated by the clinician to actuate the prime mover 840. That is, the clinician may press the

second input 2006 to cause the catheter controller 848 to actuate the prime mover 840 and thereby

rotate the drive wire 830 and the distal tip 808 of the sheath 810. In addition, pressing the second

input 2006 actuates the prime mover 840 in a manner that rotates the drive wire 830 and the distal

tip 808 of the sheath 810 in a second direction (for example, counterclockwise when facing the

distal tip 808). The control panel 2000 includes a second visual indicator 2008 (for example, a

light-emitting diode) that indicates when the second input 2006 is actuated and the prime mover

840, the drive wire 830, and the distal tip 808 of the sheath 810 are rotating in the second direction.

[00170] The control panel 2000 further includes a plurality of visual indicators, such as a

third visual indicator 201 OA (for example, a light-emitting diode), a fourth visual indicator 201 0B

(for example, a light-emitting diode), a fifth visual indicator 20 IOC (for example, a light-emitting

diode), a sixth visual indicator 2010D (for example, a light-emitting diode), and a seventh visual

indicator 2010E (for example, a light-emitting diode). The visual indicators may be energized (for

example, illuminated) based on the rotational position of the prime mover 840 (as determined by the



rotational position sensor 852), the proximal end of the drive wire 830, and, generally, the distal end

of the drive wire 830 and the distal tip 808 of the sheath 810.

[00171] For example, one or more of the visual indicators may be energized when the

rotational position of the prime mover 840 reaches or passes a specific threshold, and one of the

visual indicators may be energized when the rotational position of the prime mover 840 has not

reached a threshold. As a specific example, the prime mover 840 may have a "home" position in

which the drive wire 830 and the distal end of the sheath 810 are not rotated relative to the housing

806. From the home position, the prime mover 840 may rotate over an angle a (for example, 2160

degrees) in a first direction (that is, the prime mover 840 may rotate until it reaches a first rotational

limit, referred to here as +a). The first direction may be, for example, clockwise when facing the

distal tip 808. Similarly, from the home position the prime mover 840 may rotate over the angle a

in a second direction (that is, the prime mover 840 may rotate until it reaches a second rotational

limit, referred to here as -a). The second direction may be, for example, counterclockwise when

facing the distal tip 808. As such, the rotational range of the prime mover 840 is 2a (for example,

4320 degrees). The rotational position of the prime mover 840 is referred to here as β and the home

position is defined as β=0. As such, β is positive when the rotational position of the prime mover

840 is closer to the first rotational limit than the second rotational limit and β is negative when the

rotational position of the prime mover 840 is closer to the second rotational limit than the first

rotational limit. With this definition, the visual indicator thresholds may be +a, +0.5a, -0.5a, -a,

and the visual indicators may be energized, as follows:

third visual indicator 201 OA: β = +α

fourth visual indicator 2010B: +α > β > +0.5a

fifth visual indicator 2010C : +0.5α > β > -0 .5a

sixth visual indicator 2010D: -0.5α > β > -a

seventh visual indicator 201 0E : β = -α

[00172] Stated another way, for example, the third visual indicator 201 OA is energized when

the rotational position of the prime mover 840 is 2160 degrees (that is, β = 2160 degrees) and the

seventh visual indicator 2010E is energized when the rotational position of the prime mover 840 is

-2160 degrees (that is, β = -2160 degrees).

[00173] As another example, each visual indicator may correspond to a portion of the

rotational range of the prime mover 840, and each visual indicator may be energized when the prime



mover 840 is rotationally positioned with its specific portion of the rotational range. As a specific

example, the prime mover 840 may have a "home" position in which the drive wire 830 and the

distal end of the sheath 810 are not rotated relative to the housing 806. From the home position, the

prime mover 840 may rotate over an angle a (for example, 2160 degrees) in a first direction (that is,

the prime mover 840 may rotate until it reaches a first rotational limit, referred to here as +a). The

first direction may be, for example, clockwise when facing the distal tip 808. Similarly, from the

home position the prime mover 840 may rotate over the angle a in a second direction (that is, the

prime mover 840 may rotate until it reaches a second rotational limit, referred to here as -a). The

second direction may be, for example, counterclockwise when facing the distal tip 808. As such,

the rotational range of the prime mover 840 is 2a (for example, 4320 degrees). The rotational

position of the prime mover 840 is referred to here as β and the home position is defined as β=0. As

such, β is positive when the rotational position of the prime mover 840 is closer to the first rotational

limit than the second rotational limit and β is negative when the rotational position of the prime

mover 840 is closer to the second rotational limit than the first rotational limit. With this definition,

the visual indicators may be energized when the rotational position of the prime mover 840 is as

follows:

third visual indicator 201OA: +α > β > +0.75a

fourth visual indicator 2010B: +0.75 α > β > +0.25a

fifth visual indicator 2010C: +0.25 α > β > -0.25a

sixth visual indicator 2010D: -0.25α > β > -0.75a

seventh visual indicator 2010E: -0.75a > β > -a

[00174] With the previous definition and as another example, the visual indicators may be

energized when the rotational position of the prime mover 840 is as follows:

third visual indicator 191OA: +α > β > +(5/6)a

fourth visual indicator 1910B: +(5/6)<x > β > +(1/6) α

fifth visual indicator 1910C: +(1/6) α > β > -(l/6)a

sixth visual indicator 1910D: -(l/6)a > β > -(5/6)a

seventh visual indicator 1910E: -(5/6) α > β > -a

[00175] With the previous definition and as yet another example, the visual indicators may be

energized when the rotational position of the prime mover 840 is as follows:

third visual indicator 191OA: +α > β > +(5/6)a



fourth visual indicator 1910B: +(5/6)<x > β > +(1/3) α

fifth visual indicator 1910C: +(1/3) α > β > -(l/3)a

sixth visual indicator 1910D: -(1/3) α > β > -(5/6)a

seventh visual indicator 1910E: -(5/6) α > β > -a

[00176] The control panel 2000 further includes a third input 2012 (for example, a button)

that may be actuated by the clinician to cause the laser ablation catheter 800 to turn "on" and "off.

When the laser ablation catheter 800 is "on", the inputs 2002 and 2006 may be actuated to cause the

catheter controller 848 to actuate the prime mover 840 as described above. When the laser ablation

catheter 800 is "off, the catheter controller 848 does not actuate the prime mover 840 when the

inputs 2002 and 2006 are actuated. In some embodiments, the control panel 2000 includes an eighth

visual indicator 2014 (for example, a light-emitting diode) that indicates when the laser ablation

catheter 800 is "on".

[00177] The control panel 2000 includes a fourth input 2016 (for example, a button). The

fourth input 2016 may be actuated by the clinician to cause the laser ablation catheter 800 to enter

an automatic mode. In the automatic mode, the catheter controller 848 automatically controls

actuation of the prime mover 840 and, as a result, rotation of the drive wire 830 and the distal tip

808 of the sheath 810. Specifically, the catheter controller 848 actuates the prime mover 840 only

when the sensor 854 detects laser energy is being emitted from the transport members 804. In some

embodiments and when the laser ablation catheter 800 is in the automatic mode, the fourth input

2016 may be actuated by the clinician to cause the laser ablation catheter 800 to exit the automatic

mode. The control panel 2000 includes a ninth visual indicator 2018 (for example, a light-emitting

diode) that indicates when the laser ablation catheter 800 is in the automatic mode.

[00178] In some embodiments, the fourth input 2016 may be actuated by the clinician to

cause the laser ablation catheter 800 to enter a "watching" mode. In the watching mode, the catheter

controller 848 actuates the prime mover 840 when (1) the sensor 854 detects laser energy is being

emitted from the transport members 804 and (2) one of the first input 2002 and the second input

2006 is actuated (to cause rotation of the distal tip 808 of the sheath 810 in the first and second

directions, respectively). In some embodiments and when the laser ablation catheter 800 is in the

watching mode, the fourth input 2016 may be actuated by the clinician to cause the laser ablation

catheter 800 to exit the watching mode. The ninth visual indicator 2018 may indicate when the laser

ablation catheter 800 is in the watching mode.



[00179] In some embodiments, the control panel 2000 includes a tenth visual indicator 2020

(for example, a light-emitting diode) that indicates the presence of a device error or fault condition

(for example, as detected by the catheter controller 848). For example, device errors and fault

conditions may include the prime mover 840 rotating past a rotational limit, a reduction in power to

the prime mover 840, and the prime mover 840 failing to rotate in response to actuation of one or

more of the inputs 2002 and 2006.

[00180] In some embodiments, the systems and methods of this disclosure may be

implemented in conjunction with a special purpose computer, a programmed microprocessor or

microcontroller and peripheral integrated circuit element(s), an ASIC or other integrated circuit, a

digital signal processor, a hard-wired electronic or logic circuit such as discrete element circuit, a

programmable logic device or gate array such as PLD, PLA, FPGA, PAL, special purpose

computer, any comparable means, or the like. In general, any device(s) or means capable of

implementing the methodology illustrated herein may be used to implement the various aspects of

this disclosure. Exemplary hardware that may be used for the disclosed embodiments,

configurations and aspects includes computers, handheld devices, telephones (e.g., cellular, Internet

enabled, digital, analog, hybrids, and others), and other hardware known in the art. Some of these

devices include processors (e.g., a single or multiple microprocessors), memory, nonvolatile storage,

input devices, and output devices. Furthermore, alternative software implementations including, but

not limited to, distributed processing or component/object distributed processing, parallel

processing, or virtual machine processing may also be constructed to implement the methods

described herein.

[00181] The foregoing discussion has been presented for purposes of illustration and

description. The foregoing is not intended to limit the disclosure to the form or forms disclosed

herein. In the foregoing Summary for example, various features of the disclosure are grouped

together in one or more aspects, embodiments, and/or configurations for the purpose of streamlining

the disclosure. The features of the aspects, embodiments, and/or configurations of the disclosure

may be combined in alternate aspects, embodiments, and/or configurations other than those

discussed above. This method of disclosure is not to be interpreted as reflecting an intention that the

claims require more features than are expressly recited in each claim. Rather, as the following

claims reflect, inventive aspects lie in less than all features of a single foregoing disclosed aspect,

embodiment, and/or configuration. Thus, the following claims are hereby incorporated into this



Summary, with each claim standing on its own as a separate preferred embodiment of the

disclosure.

[00182] Moreover, though the description has included description of one or more aspects,

embodiments, and/or configurations and certain variations and modifications, other variations,

combinations, and modifications are within the scope of the disclosure, e.g., as may be within the

skill and knowledge of those in the art, after understanding the present disclosure. It is intended to

obtain rights which include alternative aspects, embodiments, and/or configurations to the extent

permitted, including alternate, interchangeable and/or equivalent structures, functions, ranges or

steps to those claimed, whether or not such alternate, interchangeable and/or equivalent structures,

functions, ranges or steps are disclosed herein, and without intending to publicly dedicate any

patentable subject matter.



CLAIMS

What is claimed is:

1. A laser energy delivery device for providing treatment to a subject, the laser energy delivery

device comprising:

a housing;

a coupling carried by the housing and adapted to couple to a laser energy generator;

a sheath carried by the housing, the sheath comprising a distal end adapted to be disposed in

the subject;

a plurality of transport members carried by the sheath, the plurality of transport members

adapted to receive laser energy at the coupling, transmit laser energy through the sheath, and deliver

laser energy to the subject;

a controller carried by the housing;

a prime mover carried by the housing and adapted to be actuated by the controller;

a drive wire carried by the sheath and eccentrically coupled to the distal end of the sheath,

the drive wire adapted to be rotatably driven by the prime mover and rotating to eccentrically rotate

the distal end of the sheath; and

a plurality of visual indicators carried by the housing, wherein the controller is adapted to

energize the plurality of visual indicators based on a rotational position of the prime mover relative

to the housing.

2 . The laser energy delivery device of claim 1, wherein the controller is adapted to energize at

least one of the visual indicators when the rotational position of the prime mover reaches a

threshold.

3 . The laser energy delivery device of claim 1, wherein each visual indicator of the plurality of

visual indicators corresponds to a portion of a rotational range of the prime mover, and wherein the

controller is adapted to energize each visual indicator when the rotational position of the prime

mover is within the portion of the rotational range of each visual indicator.



4 . The laser energy delivery device of claim 1, further comprising a sensor adapted to detect

transmission of laser energy through at least one of the plurality of transport members.

5 . The laser energy delivery device of claim 4, wherein the sensor is adapted to send a signal in

response to detecting transmission of laser energy through the at least one of the plurality of

transport members, wherein the controller is adapted to receive the signal from the sensor, and

further comprising an ancillary device adapted to augment treatment of the subject via the laser

energy delivery device, the controller actuating the ancillary device upon receiving the signal from

the sensor.

6 . The laser energy delivery device of claim 5, wherein the ancillary devices comprises:

the prime mover; and

a drive wire eccentrically coupled to the distal end of the sheath and adapted to be rotatably

driven by the prime mover, the drive wire rotating to eccentrically rotate the distal end of the sheath.

7 . The laser energy delivery device of claim 5, wherein the at least one of the plurality of

transport members extends from a proximal end to a distal end, and the sensor is adapted to detect

emission of laser energy at a location on the at least one of the plurality of transport members

disposed between the proximal end and the distal end.

8. The laser energy delivery device of claim 7, wherein the at least one of the plurality of

transport members comprises a bend formed between the proximal end and the distal end, and the

sensor is adapted to detect emission of laser energy at the bend.



9 . A non-transitory tangible computer-readable storage medium having stored thereon

instructions which, when executed by a processor, cause the processor to perform a method

comprising:

detecting transmission of laser energy through at least one of a plurality of laser energy

transport members of a laser energy delivery device; and

sending a signal to actuate an ancillary device of the laser energy delivery device in response

to detecting transmission of laser energy through the at least one of the plurality of transport

members.

10. The non-transitory tangible computer-readable storage medium of claim 9, wherein the

ancillary device comprises a prime mover and a drive wire adapted to be rotatably driven by the

prime mover and eccentrically coupled to a distal end of a sheath of the laser energy delivery device,

and wherein sending the signal to actuate the ancillary device in response to detecting transmission

of laser energy through the at least one of the plurality of transport members comprises actuating the

prime mover to rotate the drive wire and eccentrically rotate the distal end of the sheath.

11. The non-transitory tangible computer-readable storage medium of claim 10, wherein sending

the signal to actuate the prime mover to rotate the drive wire and eccentrically rotate the distal end

of the sheath comprises:

sending a first signal to actuate the prime mover and rotate the drive wire and eccentrically

rotate the distal end of the sheath in a first direction for a plurality of rotations; and

sending a second signal to actuate the prime mover and rotate the drive wire and

eccentrically rotate the distal end of the sheath in a second direction for a plurality of rotations, the

second direction being opposite the first direction.



12. The non-transitory tangible computer-readable storage medium of claim 10, wherein sending

the signal to actuate the prime mover to rotate the drive wire and eccentrically rotate the distal end

of the sheath comprises:

sending a first signal to actuate the prime mover and rotate the drive wire and eccentrically

rotate the distal end of the sheath in a first direction;

deactivating the prime mover to inhibit rotation of the drive wire and the distal end of the

sheath when the distal end of the sheath reaches a first rotational limit;

sending a second signal to actuate the prime mover and rotate the drive wire and

eccentrically rotate the distal end of the sheath in a second direction, the second direction being

opposite the first direction; and

deactivating the prime mover to inhibit rotation of the drive wire and the distal end of the

sheath when the distal end of the sheath reaches a second rotational limit.

13. The non-transitory tangible computer-readable storage medium of claim 10, wherein the

method further includes:

detecting a rotational position of the distal end of the sheath and determining when the distal

end reaches a rotational limit; and

deactivating the prime mover to inhibit rotation of the drive wire and the distal end when the

distal end reaches the rotational limit.

14. The non-transitory tangible computer-readable storage medium of claim 10, wherein the

method further includes sending a second signal to actuate the prime mover and eccentrically rotate

the distal tip of the sheath to a rotational home position.



15. A method for treating a subject by using a laser energy delivery device, the laser energy

delivery device comprising a sheath and a plurality of transport members carried by the sheath, the

method comprising:

positioning the sheath within the subject such that a distal end of the plurality of transport

members are positioned within the subject;

receiving laser energy at a proximal end of the plurality of transport members;

transmitting laser energy from the proximal end to the distal end of the plurality of transport

members;

delivering laser energy from the distal end of the plurality of transport members to the

subject; and

detecting emission of laser energy from at least one of the plurality of transport members at a

location between the proximal end and the distal end of the plurality of transport members.

16. The method of claim 15, wherein detecting emission of laser energy from the at least one of

the plurality of transport members at the location between the proximal end and the distal end of the

plurality of transport members comprises detecting emission of laser energy from a bend formed on

the at least one of the plurality of transport members between the proximal end and the distal end.

17. The method of claim 16, wherein detecting emission of laser energy from the bend formed

on the at least one of the plurality of transport members between the proximal end and the distal end

comprises using a photodiode to detect laser energy emitted from the at least one of the plurality of

transport members.

18. The method of claim 17, wherein the laser energy delivery device further comprises an

ancillary device, and further comprising actuating the ancillary device in response to detecting

emission of laser energy from the bend formed on the at least one of the plurality of transport

members.



19. The method of claim 18, wherein the laser energy delivery device further includes:

a prime mover; and

a drive wire adapted to be rotatably driven by the prime mover and eccentrically coupled to a

distal end of the sheath;

and further comprising actuating the prime mover to rotate the drive wire and eccentrically

rotate the distal end of the sheath in response to detecting emission of laser energy from the at least

one of the plurality of transport members.

20. The method of claim 15, wherein actuating the prime mover to rotate the drive wire and

eccentrically rotate the distal end of the sheath comprises:

rotating the drive wire and eccentrically rotating the distal end of the sheath in a first

direction for a plurality of rotations; and

subsequently rotating the drive wire and eccentrically rotating the distal end of the sheath in

a second direction for a plurality of rotations, the second direction being opposite the first direction.
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