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Description
Technical Field

[0001] Various aspects of the present disclosure relate
generally to medical laser devices and related methods.
More specifically, the present disclosure relates to med-
ical laser devices and connectors for transmitting select
modes of laser energy through a fiber.

Background

[0002] Lasershavebeenusedin,forexample,urology,
neurology, otorhinolaryngology, general anesthetic oph-
thalmology, dentistry, gastroenterology, cardiology,
gynecology, thoracic, and orthopedic procedures. One
example of a procedure that may be performed using a
laseris lithotripsy. Lithotripsy involves treating a subject’s
kidneys, ureters, or bladder by removing material therein,
such as calculi or stones. Laser lithotripsy is a subset of
lithotripsy where laser energy is applied to break down
targeted material, thereby facilitating removal of the ma-
terial. In one exemplary laser lithotripsy procedure, an
optical fiber may be inserted through a working channel
of an insertion device, such as an endoscope or a ure-
teroscope, and adjacent to the targeted material. The
optical fiber may transmit laser energy to the targeted
material to break down the targeted material into pieces.
The pieces may then be washed out of, or otherwise re-
moved from, the subject.

[0003] However, often in laser lithotripsy, the size of
the optical fiberin the laser delivery device limits the pow-
er of the laser that can be delivered to the targeted ma-
terial, thus limiting the ability to break down the material.
A powerful laser emits higher order laser energy that may
escape an optical fiber and be absorbed by components
in a handle of the laser delivery device, heating those
components to unsafe temperatures and posing a risk to
a user. A powerful laser may also overheat the optical
fiber, which may break the optical fiber or burn a subject.
[0004] The devices and methods of the current disclo-
sure may rectify some of the deficiencies described
above, or address other aspects of the prior art.

SUMMARY

[0005] Examples of the present disclosure relate to,
among other things, medical laser devices. Each of the
examples disclosed herein may include one or more of
the features described in connection with any of the other
disclosed examples.

[0006] In one example, a laser delivery device may in-
clude a connector portion at a proximal end of the laser
delivery device, and an optical fiber connecting the con-
nector portion to a distal end of the laser delivery device.
The connector portion may including a capillary at least
partially surrounding a proximal portion of the optical fib-
er, wherein the capillary includes dimples on at least a
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portion of a circumferential surface thereof.

[0007] The laser delivery device may further include
one or more of the following features. The dimples may
be included on an outer circumferential surface thereof.
The dimples may be arranged in a pattern. The dimples
may be arranged randomly. The capillary may be glass.
The dimples may be a constant depth, or the dimples
may be varying depths. The dimples may be formed by
melting with a CO, laser. The dimples may be not includ-
ed on a distal outer circumferential surface portion of the
capillary. An outer circumferential surface of the capillary
also includes projections. The optical fiber may include
a core surrounded by at least one cladding layer and/or
one buffer layer; and the optical fiber may be at least
partially surrounded by a jacket layer. The capillary may
include a dimple free portion at a proximal end of the
capillary and may be fused to the optical fiber at proximal
ends ofthe capillary and the optical fiber. Atleasta portion
of the capillary may be radially surrounded by a stainless
steel ferrule. A portion of the capillary may be surrounded
by a crimp, and the optical fiber may pass through the
crimp. The laser delivery device may be coupled to a
holmium laser.

[0008] Inanotherexample, alaser delivery device may
include an SMA connector. The SMA connector may in-
clude a capillary at least partially surrounding a portion
of an optical fiber, and the capillary may include dimples
on at least a portion of a circumferential surface thereof.
[0009] The laser delivery device may further include
one or more of the following features. The optical fiber
may be fused to the capillary at least over a portion of
the optical fiber. The dimples may be included on an outer
circumferential surface of the capillary.

[0010] Inanotherexample, alaser delivery device may
include a connector portion at a proximal end of the laser
delivery device, and an optical fiber connecting the con-
nector portion to a distal end of the laser delivery device.
The connector portion may include a capillary at least
partially surrounding a proximal portion of the optical fib-
er, and the capillary may include a dimple free portion at
a proximal most end and a dimpled portion.

[0011] The laser delivery device may further include
one or more of the following features. The capillary may
be fused to the optical fiber over the overlap of the dimple
free portion with the optical fiber. The dimpled portion
may include dimples on an outer circumferential surface
of the capillary. The dimples on the dimpled portion of
the outer circumferential surface of the capillary may be
formed by melting with a CO, laser.

[0012] Both the foregoing general description and the
following detailed description are exemplary and explan-
atory only and are not restrictive of the features, as
claimed. As used herein, the terms "comprises," "com-
prising," or other variations thereof, are intended to cover
a non-exclusive inclusion such that a process, method,
article, or apparatus that comprises a list of elements
does not include only those elements, but may include
other elements not expressly listed or inherent to such a
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process, method, article, or apparatus. Additionally, the
term "exemplary" is used herein in the sense of "exam-
ple," rather than "ideal." As used herein, the terms
"about," "substantially," and "approximately," indicate a
range of values within +/- 5% of a stated value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate exemplary features of the present disclosure and
together with the description, serve to explain the princi-
ples of the disclosure.

FIG. 1 illustrates an exemplary medical laser delivery
device;

FIG. 2 illustrates a cross-section of a portion of the
medical laser delivery device of FIG. 1 coupled to a
laser source;

FIG. 3 illustrates a cross-section of a portion of the
medical laser delivery device of FIG. 1;

FIG. 4 illustrates a perspective view of a dimpled
capillary of the exemplary medical laser delivery de-
vice;

FIG. 5 illustrates a cross-section of a portion of a
medical laser delivery device according to another
aspect of this disclosure;

FIG. 6 illustrates a schematic view of an exemplary
method of forming a dimpled capillary of the medical
laser delivery device of FIG. 5; and

FIG. 7 illustrates a perspective view of the dimpled
capillary during the method of FIG. 6.

DETAILED DESCRIPTION

[0014] Examples of the present disclosure relate to
medical devices for delivering laser energy to target tis-
sue or material. The medical device may be delivered
through any appropriate insertion device or alone through
a bodily orifice.

[0015] Reference will now be made in detail to exam-
ples of the present disclosure described above and illus-
trated in the accompanying drawings. Wherever possi-
ble, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0016] Theterms "proximal"and "distal"are used here-
in to refer to the relative positions of the components of
an exemplary medical device or insertion device. When
used herein, "proximal" refers to a position relatively clos-
er to the exterior of the body or closer to an operator
using the medical device or insertion device. In contrast,
"distal" refers to a position relatively further away from
the operator using the medical device or insertion device,
or closer to the interior of the body.

[0017] FIG. 1 illustrates a laser delivery device 10 with
a proximal portion 12, an intermediate portion 14, and a
distal portion 16 with a distal tip 17. Proximal portion 12
may include a handle 18 having a connector portion 20.
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Laser delivery device 10 may couple to a laser source
22 via connector portion 20 and transmit energy through
an internal fiber in laser delivery device 10 and out of
distal tip 17 to targeted material.

[0018] FIG. 2 illustrates proximal portion 12 of laser
delivery device 10 with connector portion 20 mated to
laser source 22. Laser delivery device 10 may receive
laser energy 24 from the laser source 22 to be delivered
through an optical fiber 26 that extends through the laser
delivery device 10 to the distal tip 17 at distal portion 16.
A portion of optical fiber 26 within connector portion 20
may be at least partially surrounded by a capillary 28,
which as will be discussed in more detail below may be
dimpled to scatter incident light.

[0019] Lasersource 22 may include alens 30 to narrow
the laser energy 24, and may also include a port 32 ex-
tending from laser housing 34 to receive and mate with
connector portion 20 of laser delivery device 10 in order
to transmit laser energy 24 through laser delivery device
10. Laser source 22 may be, for example, a holmium
YAG (Ho:YAG) laser source emitting laser energy 24 with
a wavelength of approximately 2.1 pm and a power of
approximately 100 W. Laser source 22 may generate
laser energy 24 with a shallow penetration depth of ap-
proximately 0.4 mm. In other aspects, laser source 22
may be a Thulium-doped YAG (Tm:YAG) laser source,
a Thulium Fiber laser source, a neodymium-doped YAG
(Nd:YAG) laser source, a semiconductor laser diode, an
Erbium-doped YAG (ER:YAG)laser source, orafrequen-
cy doubled Nd:YAG laser source utilizing either a potas-
sium-titanyl phosphate crystal (KTP), or a Lithium Borate
crystal (LBO) as the doubling crystal. Though not shown,
laser source 22 may have a control module to control a
timing, a wavelength, and/or a power of the laser energy
24. The control module may control laser selection, fil-
tering, temperature compensation, and/or Q-switching.
[0020] As noted above, laser delivery device 10 may
mate with laser source 22 through connector portion 20.
Connector portion 20 may include optical fiber 26 and
capillary or tube 28 radially surrounding a proximal por-
tion of the optical fiber 26. Connector portion 20 may
further include a ferrule 36 radially surrounding at least
a portion of optical fiber 26 and capillary 28. There may
be a circumferential hollow portion 38 or gap between a
portion of ferrule 36 and a portion of capillary 28. Optical
fiber 26 may extend through laser delivery device 10 from
the connector portion 20 to the distal tip 17 to receive
and transmit laser energy 24 from laser source 22 to tar-
geted material. Capillary 28 include a dimpled outer sur-
face to scatter incident laser energy 24 that escapes op-
tical fiber 26. Capillary 28 may be fused to optical fiber
26 at least over a portion of their overlap (FIG. 2), for
example at the proximal ends of optical fiber 26 and cap-
illary 28. In one aspect, where optical fiber 26 is fused to
capillary 28, optical fiber 26 only includes a fiber core and
is not enclosed by buffer layers or jacket layers. Fiber
core of optical fiber 26 may be fused to capillary 28 at
the proximal ends of optical fiber 26 and capillary 28.
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Alternatively, fiber core of optical fiber 26 may be fused
to capillary 28 for over the length of the capillary 28 that
radially surrounds optical fiber 26. More distal portions
of optical fiber 26 may be enclosed by various other lay-
ers. Ferrule 36 may include radial projections such that
it may be coupled to handle 18.

[0021] Connector portion 20, along with ferrule 36 and
the enclosed components, may be any type of SubMin-
iature version A ("SMA") connector or another appropri-
ate optical fiber connector to mate with port 32. Connector
portion 20 may include a central fiber toreceive and trans-
mit laser energy 24 from laser source 22, and may also
include an outer threading in order to be coupled to port
32. For example, connector portion 20 may be a male
SMA connector if port 32 is a female SMA connector, or
connector portion 20 may be a female SMA connector if
port 32 is a male SMA connector. Ferrule 36 may be
stainless steel or another appropriate material. A crimp
40 may also radially surround a portion of optical fiber 26
and a portion of capillary 28. Crimp 40 may have a cup-
like shape in a proximal portion where it surrounds both
optical fiber 26 and capillary 28, and may extend longi-
tudinally in a distal direction surrounding the optical fiber
26. Crimp 40 may be brass, aluminum, or another ap-
propriate material. Capillary 28, ferrule 36, and crimp 40
may be coupled via glue, epoxy, or another appropriate
adhesive.

[0022] As shown in FIG. 3, capillary 28 may surround
optical fiber 26 and may be proximally flush with a prox-
imal end of ferrule 36. Optical fiber 26 may be slightly
recessed within capillary 28. Optical fiber 26 may pass
through a longitudinal core of laser delivery device 10,
as shown in FIGS. 1 and 2. Optical fiber 26 may extend
the length of laser delivery device 10 to receive laser
energy 24 at the junction of connector portion 20 with
laser source 22 and to deliver laser energy 24 to the
targeted material from distal tip 17 at the distal portion
16 of laser delivery device 10.

[0023] Optical fiber 26 may have a circular cross-sec-
tion and may comprise a fiber core surrounded by one
or more cladding layers (not shown), which may also be
surrounded by one or more buffer layers (not shown).
Distally beyond capillary 28, optical fiber 26 may be sur-
rounded by one or more jacket layers 44 through crimp
40 and to distal portion 16 of laser delivery device 10.
Jacket layers 44 may be bonded to crimp 40 through an
adhesive or may be joined by crimp 40 pinching jacket
layers 44 around optical fiber 26. Optical fiber 26 may be
a silica-based optical fiber. The core of optical fiber 26
may be made of a suitable material to transmit laser en-
ergy 24, such as, for example, silica with low hydroxyl
(OH-) ion residual concentration. Like the core of the op-
tical fiber 24, the one or more cladding layers may be
pure silica or doped silica with, for example, fluorine. The
one or more cladding layers may be a single or double
cladding, and may be made of a hard polymer or silica.
The one or more buffer layers may be an acrylate layer
or may be made of a hard polymer, such as, for example,
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Tefzel®.

[0024] The distaltip 17 of laser delivery device 10 may
be a spherical end, a straight-firing end, a side-firing end,
or another appropriate end. The distal tip 17 of laser de-
livery device 10 emits the laser energy 24 toward the
targeted material, so optical fiber 26 serves as a
waveguide for laser energy 24.

[0025] AsshowninFIG.4, capillary 28 may be a hollow
tube with dimples 42. Capillary 28 radially surrounds op-
tical fiber 26 within connector portion 20 and is partially
surrounded by crimp 40 (FIGS. 2 and 3). The hollow por-
tion or lumen within capillary 28 may widen at the prox-
imal end and distal end of capillary 28. Capillary 28 may
be formed of glass, silica, sapphire, or another appropri-
ate material.

[0026] The dimples 42 may be located on the outer
circumferential surface of capillary 28 to scatter overfilled
laser energy 24 or higher order mode laser energy 24
that escapes from optical fiber 26 toward ferrule 36, as
shown in the lines of laser energy 24 in FIG. 3. The dim-
ples 42 on capillary 28 may have equal sizes and depths
and be evenly spaced around the entire outer radial sur-
face and length of capillary 28 (FIG. 4). In an alternative
aspect, dimples 42 may only be distributed over a portion
of the outer radial surface of capillary 28, namely only
over that portion of capillary 28 that is exposed to hollow
portion 38 (FIG. 3). In another aspect, dimples 42 may
be distributed over even less of the circumferential sur-
face of the capillary 28. Dimples 42 may also be distrib-
uted over all or a portion of both the inner and outer cir-
cumferential surfaces of the capillary 28.

[0027] Dimples 42 may be depressions, indentations,
hollows, bubbles, notches, frostings, or perforations.
Dimples 42 may be spherical, elliptical, or another shape.
Dimples 42 may partially extend through the radial thick-
ness of capillary 28, and may be constant or varying
depths. In one aspect, dimples 42 may extend between
1and 50 micrometers through the radial thickness of cap-
illary 28. Alternatively, outer and/or inner circumferential
surface of capillary 28 may include bumps (not shown),
or a combination of dimples 42 and bumps. Moreover,
dimples 42 or bumps may be arranged in capillary 28 in
a pattern (as shown) or randomly positioned, and may
be evenly spaced or unevenly spaced. Furthermore, cap-
illary 28 may include a plurality of internally dispersed
particles to scatter the higher order mode or overfilled
portions of laser energy 24.

[0028] Dimples 42 may be formed in or on capillary 28
by melting specific spots with a CO,, laser or a green light
laser. Dimples 42 may be formed in or on capillary 28
through a mechanical or chemical etching process. Dim-
ples 42 may be preformed in capillary 28, or may other-
wise be formed in capillary 28.

[0029] During use, laser delivery device 10 may be in-
serted in an already positioned insertion device, such as
a ureteroscope or an endoscope. Handle 18 may then
be connected to laser source 22 via connector portion
20 and port 32 (FIG. 2). Once activated, laser source 22
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provides laser energy 24 to laser delivery device 10, with
the laser energy 24 propagating through optical fiber 26
to be applied to the targeted material. Higher order mode
and overfilled portions of laser energy 24 may escape
optical fiber 26 and enter capillary 28 within the first few
millimeters of the connector portion 20 from port 32, as
shown in FIG. 3.

[0030] The higher order mode and overfilled portions
of laser energy 24, which heat up components when ab-
sorbed, have a tendency to refract and bounce within
connector portion 20 and optical fiber 26. However, dim-
ples 42 on the outer radial surface of capillary 28 may
assist in scattering some of the higher order mode and
overfilled portions of laser energy 24 and thus reduce the
amount of stray energy downstream of the capillary 28.
An increase in or greater distribution of dimples 42 on
capillary 28 may scatter a greater portion of the higher
order mode and overfilled portions of laser energy 24 and
thus further assist in reducing the detrimental effects
downstream of the capillary 28. The scattering of the
higher order mode and overfilled portions of laser energy
24 by the dimples 42 of capillary 28 may be absorbed by
the proximal portion of ferrule 36, as shown in FIG. 3.
However, heating up this portion of the laser delivery de-
vice 10 is preferred over allowing this stray or refracted
energy to travel downstream of the capillary 28. The fer-
rule 36 is better suited to absorb scattered portions of
laser energy 24 and undergo the accompanying increase
in temperature than more distal components of laser de-
livery device 10. Further, ferrule 36 and its connections
may be insulated from other fragile and/or heat-sensitive
components in laser delivery device 10 allowing the fer-
rule 36 to be a better heat sink. Ferrule 36 and its con-
nections may also be insulated from the outer surface of
handle 18 and other components that a user may contact
during operation, reducing the risk of injury to the user,
even when using a high powered laser source 22. Re-
stated, the dimples 42 help to isolate the detrimental ef-
fects of the higher order mode and overfilled portions of
laser energy 24 to a portion of the laser delivery device
10 that is better suited to handle the higher order mode
and overfilled portions of laser energy 24.

[0031] Additionally, the reduction in higher order mode
and overfilled portions of laser energy 24 downstream of
the capillary 28 due to dimples 42 makes it more likely
that the laser energy 24 will be internally reflected within
optical fiber 26 until it reaches the targeted material, as
shown in FIG. 3. Therefore, including dimples 42 on cap-
illary 28 reduces the risk of the optical fiber 26 and con-
nector portion 20 overheating, even with a powerful laser
source 22 like a holmium laser and even at susceptible
portions of the optical fiber 26 like bends. Reducing the
risk of the optical fiber 26 overheating reduces the risk
of the optical fiber 26 breaking and/or burning a subject.
As such, a more powerful laser source may be used with
laser delivery device 10, allowing for quicker and more
effective procedures on targeted material.

[0032] As shown in FIG. 5, which is an alternative ex-
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ample with similar elements to the laser delivery device
10 shown by 100 added to the reference numbers, the
laser delivery device includes a connector portion 120
that receives laser energy 124. The laser delivery device
also includes optical fiber 126, capillary 128, ferrule 136,
crimp 140, and jacket layer 144.

[0033] In this aspect, capillary 128 includes dimples
142 on a dimpled portion 146, and also includes a dimple
free portion 148 at a proximal end of capillary 128. Cap-
illary 128 may surround optical fiber 126, and capillary
128 may be fused to optical fiber 126 over the overlap of
the dimple free portion 148 with the optical fiber 126 to
form a fused portion 149. Then, connector portion 120
of the laser delivery device may be used to deliver laser
energy 124 to target tissue or material. Fused portion
149 ensures that capillary 128 is bonded to optical fiber
126, and the dimples 142 on dimpled portion 146 scatter
some of the higher order mode and overfilled portions of
laser energy 124.

[0034] In one aspect, capillary 128 may have a total
length of approximately 20 mm, and dimple free portion
148 may be approximately 2.5 to 5 mm and may extend
from the proximal most end of capillary 128. Fused por-
tion 149 may have the same length as dimple free portion
148, or the dimple free portion 148 may extend distal to
the fused portion 149. In other aspects, capillary 128 may
be longer or shorter, and dimple free portion 148 may be
approximately 10-30% of the total length of the capillary
128. Dimpled portion 146 may make up the remaining
portion of capillary 128, or may be less than all of the
remaining portion of capillary 128. For example dimples
142 may terminate prior to the distal most end of the
capillary 128.

[0035] Dimples 142 may be depressions, indentations,
hollows, bubbles, notches, frostings, or perforations.
Dimples 142 may be formed in or on a dimpled portion
146 of capillary 128 by laser etching, such as, for exam-
ple, by melting specific spots with a CO, laser or a green
light laser. Dimples 142 may alternatively be formed in
or on dimpled portion 146 of capillary 128 by mechanical
etching, such as, for example, sand blasting. Dimples
142 may also be formed in or on dimpled portion 146 of
capillary 128 by chemical etching, such as, for example,
with a hydrofluoric acid solution.

[0036] FIGS. 6 and 7 provide an exemplary method of
making capillary 128. For example, a plurality of capillar-
ies 128 with dimples 142 may be formed and fused to
optical fibers 126 according to method 200. In step 202,
along capillary tube 150 may be attached on a mounting
(not shown), and laser beam 152 may be directed at the
capillary tube 150. Laser beam 152 may be a pulsed CO,
laser beam. In step 204, the laser beam 152 may be
activated, and the capillary tube 150 may be rotated
around its axis in direction 154 by the mounting so as to
form dimples 142 in the outer circumference of capillary
tube 150. The mounting may also move the capillary tube
150 longitudinally along direction 156 relative to laser
beam 152 to dimple the outer circumference of capillary
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tube 150 to form dimpled portion 146. In step 206, the
laser beam 152 may be deactivated or turned off mo-
mentarily while the mounting moves capillary tube 150
axially, and then the laser beam 152 may be activated
or turned on again. In step 208, the deactivation and re-
activation steps may be repeated as the laser beam 152
forms a series of dimpled portions 146 and dimple free
portions 148 over the length of capillary tube 150.
[0037] Then, in step 210, laser beam 152, which may
be adjusted to be a constant laser beam, may be applied
to the capillary tube 150 proximate to an interface 158 of
one of the dimpled portions 146 and one of the dimple
free portions 148. The mounting may halt any axial move-
ment but may rotate in direction 154 to rotate the capillary
tube 150 so the laser beam radially cuts capillary tube
150. The laser beam 152 may be applied such that the
capillary tube 150 is cut into a plurality of capillaries 128,
each having a dimpled portion 146 and a dimple free
portion 148. Each capillary 128 may then be used in one
laser delivery device 10. Alternatively, the dimpling and
cutting steps may be carried out with the capillary tube
150 axially and/or rotationally stationary, and laser beam
152 moving axially and/or rotationally relative to capillary
tube 150.

[0038] Instep212,capillary 128 may be fused to optical
fiber 126. For example, capillary 128 may be positioned
over optical fiber 126 such that optical fiber 126 passes
through a hollow portion or lumen of capillary 128. Optical
fiber 126 may be approximately flush with or slightly distal
to the proximal end of capillary 128. Once positioned,
capillary 128 may be fused to optical fiber 126 over the
overlap of the dimple free portion 148 with the optical
fiber 126 to form fused portion 149. Fusion may be ac-
complished by applying laser energy, which may be the
laser beam 152, around the radial circumference of the
overlap. As with the dimple formation step, the capillary
128 and optical fiber 126 may be rotated relative to the
source of laser energy. Alternatively, the capillary 128
and optical fiber 126 may be stationary with the source
of laser energy being rotated.

[0039] In a non-illustrated example, capillary tube 150
may be radially cut through a dimple free portion 148,
rather than atinterface 158. As such, the formed capillary
128 may include dimple free portion 148 at a proximal
end, as well as a second dimple free portion at a distal
end. In one aspect, capillary tube 150 may be approxi-
mately 1 meter, and may be dimpled and cut into a plu-
rality of even or uneven capillaries 128.

[0040] The fused capillary 128 and optical fiber 126
may be implemented in laser delivery device 10 as dis-
cussed above with respect to capillary 28 and optical
fiber 26 in laser delivery device 10 such that dimples 142
on dimpled portion 146 scatter the higher order mode
and overfilled portions of laser energy 124. Similarly, cap-
illary 128 with dimpled portion 146 around optical fiber
126 increases the likelihood that laser energy 124 will be
internally reflected within optical fiber 126 until the energy
reaches the targeted material, as shown in FIGS. 3 and
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5. Dimple free portion 148 assists a user or assembler
in viewing the optical fiber 126 within capillary 128 during
positioning before fusing the elements together. Further,
dimple free portion 148 in capillary 128 facilitates fusing
of capillary 128 to optical fiber 126 by reducing interfer-
ence of the laser energy by dimples 142 during the fusion
process. Moreover, the method of forming a plurality of
capillaries 128 from long capillary tube 150 illustrated in
FIGS. 6 and 7 provides a quicker, less expensive, and
more efficient procedure to form capillaries 128.

[0041] While principles of the present disclosure are
described herein with reference to illustrative examples
for particular applications, it should be understood that
the disclosure is not limited thereto. Those having ordi-
nary skill in the art and access to the teachings provided
herein will recognize additional modifications, applica-
tions, embodiments, and substitution of equivalents all
fall within the scope of the features described herein.
Accordingly, the claimed features are not to be consid-
ered as limited by the foregoing description.

[0042] The subject matter of the present application
relates, inter alia, to the following aspects:

1. A laser delivery device, comprising:

aconnector portion ata proximal end of the laser
delivery device; and

an optical fiber connecting the connector portion
to a distal end of the laser delivery device;

the connector portion including a capillary at
least partially surrounding a proximal portion of
the optical fiber,

wherein the capillary includes dimples on at
least a portion of a circumferential surface there-
of.

2. The laser delivery device of aspect 1, wherein the
dimples are included on an outer circumferential sur-
face thereof.

3. The laser delivery device of any one of aspects
1-2, wherein the dimples are arranged in a pattern.

4. The laser delivery device of any one of aspects
1-2, wherein the dimples are arranged randomly.

5. The laser delivery device of any preceding aspect,
wherein the capillary is glass.

6. The laser delivery device of any preceding aspect,
wherein the dimples are a constant depth.

7. The laser delivery device of any one of aspects
1-5, wherein the dimples are varying depths.

8. The laser delivery device of any preceding aspect,
wherein the dimples are formed by melting with a
CO, laser or a green light laser, or by etching.
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9. The laser delivery device of any preceding aspect,
wherein the dimples are notincluded on a distal outer
circumferential surface portion of the capillary.

10. The laser delivery device of any preceding as-
pect, wherein an outer circumferential surface of the
capillary also includes projections.

11. The laser delivery device of any preceding as-
pect, wherein the optical fiber includes a core sur-
rounded by at least one cladding layer and/or one
buffer layer; and

wherein the optical fiber is at least partially surround-
ed by a jacket layer.

12. The laser delivery device of any preceding as-
pect, wherein the capillary includes a dimple free por-
tion at a proximal end of the capillary; and wherein
the capillary is fused to the optical fiber at proximal
ends of the capillary and the optical fiber.

13. The laser delivery device of any preceding as-
pect, wherein at least a portion of the capillary is
radially surrounded by a stainless steel ferrule.

14. The laser delivery device of any preceding as-
pect, wherein a portion of the capillary is surrounded
by a crimp; and

wherein the optical fiber passes through the crimp.

15. The laser delivery device of any preceding as-
pect, wherein the laser delivery device is coupled to
a holmium laser.

Claims

A laser delivery device, comprising:

aconnector portion ata proximal end of the laser
delivery device, wherein the connector portion
includes a ferrule and a capillary; and

an optical fiber connecting the connector portion
to a distal end of the laser delivery device;
wherein the capillary at least partially surrounds
a proximal portion of the optical fiber, and
wherein at least a portion of the ferrule is spaced
away from the capillary to form a hollow portion
between the capillary and the ferrule in the con-
nector portion.

The laser delivery device of claim 1, wherein the cap-
illary includes a first portion thatincludes one or more
of dimples, bumps, or internally dispersed particles,
and a second portion that is free of dimples, bumps,
and internally dispersed particles, wherein the sec-
ond portion is at a proximal portion of the capillary.

10

15

20

25

30

35

40

45

50

55

3.

10.

1.

The laser delivery device of claim 2, wherein the hol-
low portion at least partially overlaps with the first
portion of the capillary.

The laser delivery device of claim 3, wherein the cap-
illary is fused to the optical fiber over at least a portion
of an overlap of the proximal portion of capillary with
the optical fiber.

The laser delivery device of any one of claims 2 to
4, wherein the first portion of the capillary includes
the dimples, wherein the dimples are circular dimples
on at least a portion of an outer circumferential sur-
face of the first portion, and wherein the proximal
portion of the capillary is fused to the proximal portion
of the optical fiber with a CO2 laser.

The laser delivery device of any one of claims 2 to
5, wherein the capillary is formed of glass, silica, or
sapphire, and wherein the plurality of dimples,
bumps, or internally dispersed particles are config-
ured to scatter portions of energy being delivered
through the optical fiber from the energy source.

The laser delivery device of any one of claims 1 to
6, further comprising: a crimp, wherein the crimp ra-
dially surrounds a portion of the optical fiber and a
portion of the capillary.

The laser delivery device of claim 7, wherein the
crimp includes a cup-like shape in a proximal portion
of the crimp, wherein the cup-like shape of the crimp
surrounds both the optical fiber and the capillary, and
wherein the crimp extends longitudinally in a distal
direction surrounding the optical fiber.

The laser delivery device of any one of claims 1 to
8, wherein a proximal end of the optical fiber is con-
figured to be directly coupled to a laser source.

The laser delivery device of claim 9, wherein the
proximal end of the optical fiber is configured to be
coupled to a holmium laser.

A connector for a laser delivery device, comprising:

an optical fiber;

a capillary that surrounds a portion of the optical
fiber, wherein the capillary includes afirst portion
that includes one or more of dimples, bumps, or
internally dispersed particles and a second por-
tion at a proximal portion of the capillary that is
free of dimples, bumps, or internally dispersed
particles; and

a ferrule, wherein a first portion of the ferrule is
spaced away the first portion of the capillary to
form a hollow portion, and wherein a second por-
tion of the ferrule abuts a second portion of the



12.

13.

14.

15.
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capillary.

The connector of claim 11, wherein the hollow por-
tion at least partially overlaps with the first portion of
the capillary.

The connector of either one of claims 11 or 12,
wherein the capillary is formed of glass, silica, or
sapphire, and wherein the plurality of dimples,
bumps, or internally dispersed particles are config-
ured to scatter portions of energy being delivered
through the optical fiber from the energy source.

The connector of any one of claims 11 to 13, wherein
the first portion of the capillary includes the dimples,
and wherein the dimples are circular dimples on at
least a portion of an outer circumferential surface of
the first portion.

The connector of claim 14, wherein the dimples on
the first portion of the capillary are formed by melting
with a CO2 laser in a pulsed mode, and wherein the
second portion of the capillary is fused to a proximal
portion of the optical fiber with the CO2 laser.
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202~

MOUNT LONG CAPILLARY TUBE ON AMOUNTING AND
DIRECT PULSED LASER BEAMAT THE LONG CAPILLARY TUBE

A 4

204~

ACTIVATE PULSED LASER BEAM, AND ROTATE AND TRANSLATE THE LONG CAPILLARY
TUBE AROUND ITS AXIS TO FORM DIMPLES IN A PORTION OF THE OUTER CIRCUMFERENCE
OF THE LONG CAPILLARY TUBE

A

206~

DEACTIVATE PULSED LASER BEAM AND AXILLY TRANSLATE THE LONG CAPILLARY TUBE

v

208~

REPEAT PREVIOUS STEPS TO FORM SERIES OF DIMPLED AND
DIMPLE FREE PORTIONS

'

DIRECT LASER BEAM AT AN INTERFACE OF A DIMPLED PORTION AND
DIMPLE FREE PORTION, AND ROTATE LONG CAPILLARY TO
RADIALLY CUT THE LONG CAPILLARY

v

POSITION CUT CAPILLARY OVER OPTICAL FIBER, AND FUSE DIMPLE FREE PORTION OF
CAPILLARY TO OPTICAL FIBER BY APPLYING LASER ENERGY RADIALLY AROUND THE
OVERLAP OF DIMPLE FREE PORTION WITH OPTICAL FIBER

FIG. 6
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