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Abstract

Laser applicator

The laser applicator comprises a catheter (10) having a proximal section (10a), a
midsection (10b) and a distal end section (10c). It contains a light guide, the light of
which is output in a decoupling portion (40). The light guide runs in a longitudinal
groove on the outside of a catheter body. While the light guide (20) is continuous, the

catheter is composed of catheter bodies, which are joined together at a catheter splice

site (37).

(Figure 1)
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Laser applicator

The invention refers to a laser applicator with an elongate catheter including at
~ least one circumferentially closed lumen and with a light guide extending along

the catheter, which light guide comprises a decoupling portion in a distal end
section of the catheter.

Such a laser applicator is described in WO 2007/118745 Al (Vimecon}, The
known laser applicator comprises an elongate flexible catheter including a light

guide. The distal end section is formed into a lariat-like shape whose plane ex-
tends transversely to the main portion of the catheter. Laser radiation Is input
into the light qguide at the proximal end. A decoupling portion exists at the distal
end of the catheter, where the energy is coupled laterally out of the light guide

and exits from the catheter.

In particular, the laser applicator serves for the treatment of atrial fibrillation and
other types of cardiac arrhythmia. It can be used to cauterize cardiac tissue by
converting light energy into thermal energy. The laser radiation exiting the light
guide heats the surrounding tissue to values above 60°C, resulting in the dena-

turation of proteins and the formation of an electrically inactive scar.

DE 10 2006 039 471 B3 describes a laser applicator comprising a catheter with a
light guide. In a distal end section of the catheter, the cladding of the light guide
has a cutout from which light exits laterally from the light guide. While the intact
- cladding of the light guide effects total internal reflection so that the light energy
is transported in the longitudinal direction of the light guide, the cutouts at the
border of the light guide core cause refraction so that light energy is coupled out.

The present invention addresses the structural design of a laser applicator. It is

an object of the invention to provide a laser applicator that is simple and eco-
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nomical to manufacture and is thus particularly well suited for industrial production.

In one aspect of the present invention, there is provided a laser applicator comprising
an elongate catheter including at least one circumferentially closed lumen, and light
guide extending along the catheter, said light guide having a decoupling portion in a
distal end section of the catheter, wherein the decoupling portion of the light guide
extends In a groove in the outer side of the catheter, and wherein said light guide is
fixed within said groove with a translucent material filling said groove and comprising

light scattering particles.

According to the invention, at least the decoupling portion of the light guide Is set into
a laterally open groove in the catheter. This makes it possible to work the light guiqe
before inserting it into the catheter, in particular to remove parts of the cladding of the
light guide in the decoupling portion. The light guide thus worked may then be placed
laterally in the longitudinal groove of the catheter. Thereafter, it is fixed using a
translucent material, in particular a corresponding adhesive. Attaching the light guide
in an outer groove of the catheter causes a significant simplification of the laser

applicator manufacturing process.

Generally, the groove on the outer side of the catheter may have any optional cross
section, i.e. rectangular or semicircular, for instance. [n a preferred embodiment of
the invention, the groove is V-shaped and has flanks provided with a reflective layer.
Radiation energy laterally exiting from the light guide and scattered in the surrounding
translucent material, is reflected by the reflective layers, whereby a bundling and
focusing is effected. The V-shape of the groove should not be understood literally.
The angle portion where the two reflective layers meet may be rounded. A parabolic
groove should also be understood to be covered by the term "V-shaped”. It is
important that the groove flanks diverge outward so that the reflective layer bundles
scattered radiation and focuses the same at a point outside the catheter cross

section. Scattered radiation inside the translucent material can be caused by

providing the translucent material with distributed dispersing particles.



CA 02743076 2015-09-02

23514-310
2a

Preferably, in a midsection of the catheter, the light guide is also accommodated in a

groove on the outer side of the catheter. In particular, the whole length of the light

guide may be accommodated in a groove on the outer side of the cathe-
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ter. Thereby, it is avoided that the light guide has to be drawn into a catheter
lumen. Rather, the light guide can be treated separately before it is placed into
the catheter. Placing the fiber into the catheter is done from outside by setting it

into the groove open to the outer side.

In a preferred embodiment of the invention, the midsection and the distal end
section of the catheter are made from two separate catheter components joined
at a catheter splice site. The light guide extends integrally across the midsection
and the distal end section. While the catheter is composed of two catheter com-

ponents, the light guide is integral. Thereby, energy losses are minimized.

A preferred embodiment of the invention provides that the catheter comprises at
least one cooling channel provided with outlet bores in the distal end section.
Thus, cooling liquid can be transported directly to the body tissue thermally
treated. Preferably, two cooling channels are provided that are arranged at both
sides of the light guide and whose outlet bores are directed towards each other.
Here, two cooling flows are combined at the treatment site of the body tissue,

whereby an effective local cooling is achieved using only little cooling medium.

For the purpose of smoothing the outer side of the catheter, the distal end sec-
tion may be provided with a translucent covering hose and the midsection may
be provided with an opaque covering hose, wherein the two covering hoses are

joined at a hose splice site.

The following is a detailed description of an embodiment of the invention with

reference to the drawings.

In the Figures:
Figure 1 is @ schematic illustration of the general structure of the light guide,

Figure 2 is a cross section along line II-II in the midsection of the catheter

and
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Figure 3 is a cross section along line III-III in the distal end section of the

catheter.

The laser applicator comprises a catheter 10 in the form of an elongate strand.
The catheter has one or a plurality of lumens. It is preformed in the manner illus-
trated in Figure 1 and is composed of a proximal section 10a, a midsection 10b
and a distal end section 10c. Whereas the sections 10a and 10b extend substan-
tially linearly, the distal end section 10c is formed into a loop shaped as a circle
open at one point. The plane of the loop is transverse, in particular at a right an-
gle, with respect to the longitudinal direction of the midsection 10b. It is dimen-
sioned such that it contacts the wall of a blood vessel from inside with slight

pressure. The outer diameter of the loop is about 20 - 40 mm.

The position A indicates the transition from the proximal section 10a to the mid-
section 10b. The position B indicates the transition from the midsection 10b to

the distal end section 10c.

Figure 2 illustrates a cross section through the catheter in the midsection 10b.
The catheter has an integral elongate catheter body 12 with a diameter of 2 - 3
mm which is substantially circular in cross section and is provided with a longitu-
dinally extending, subStantiaIIy V-shaped groove 13. The groove 13 has two

flanks 13a, 13b diverging outward that are connected by an arcuate base 13c.
The groove extends up to near the longitudinal center axis of the catheter body
12.

The catheter body 12 has a lumen 14 for a forming wire. The lumen 14 is ar-

‘ranged diametrically opposite the groove 13. Further, two longitudinally extend-
ing cooling channels 15, 16 are provided that extend over the entire length of
the catheter and are arranged symmetrically with respect to the longitudinal cen-
tre plane P that forms a symmetry plane and passes through the center of the
lumen 14 and the center plane of the groove 13. The catheter body 12 is an

elastomeric profile strand with a uniform profile all over its length.
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A light guide 20 is set into the groove 13 from outside. The light guide is com-
posed of a core 21 formed by a glass fiber, as well as of a cladding 22 surround-
ing the core 21, the material of the cladding having a higher refraction index
than the core 21. The cladding 22 is surrounded by a protective sheath 23 that
acts as an anti-breaking device. The entire light guide 20 has a diameter such

that it fits into the groove 13 without protruding beyond the circular contour of

the catheter.

The light guide 20 is fixed in ‘the groove 13 by means of an adhesive 25 filling
the entire groove and having an outer surface corresponding to the circular con-
tour of the catheter body. The adhesive 25 is impermeable to the radiation. On

the outside, the catheter is sheathed in an opaque covering hose 26.

In the distal end section 10c, the catheter has the cross section illustrated in Fig-
ure 3. It comprises a catheter body 12a that has the same profile as the catheter
body 12 of the midsection. A forming wire 30 is situated in the lumen 14, which
wire gives the distal end section 10c the loop shape illustrated in Figure 1, while,
however, being resilient and being adapted to be extended. In the distal end sec-
tion 10c, the protective sheath 23 is removed from the light guide 20. Here, the
groove 13 is provided with a reflective layer 31 that covers the flanks of the
groove and the base 13c. In the distal end section, the light guide 20 only com-

prises the core 21 and the sheath 22. It is embedded in the groove, with the
groove 13 being filled with a translucent material 33. This material is an adhesive

containing light-scattering particles.

In the distal end section the catheter is also provided with a covering hose 20a

which, however, is transiucent in this section.

In the distal end section, the cooling channels 15, 16 are provided with outlet
bores 35, 36 that converge towards each other and eject cooling jets outward.

The outlet bores 35, 36 extend under an acute angle with respect to each other.
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They cause the cooling jets to impinge on the target area of the heat radiation.
The outlet bores 35, 36 have corresponding openings in the covering hose.

In the decoupling portion 40 (Figure 1), where the radiation is coupled out from
the light guide 20, the cladding 22 of the light guide is provided with openings 41
through which the radiation is coupled out from the core 21. The decoupling por-
tion 40 is directed radially outward with respect to the loop of the distal end sec-

tion. The symmetry plane P (Figure 2) is on the plane of the loop.

The core 21 of the light guide 20 and the cladding 22 are continuous over the
entire length of the catheter 10 so that the glass fiber of the light guide is not
interrupted. The catheter bodies 12 and 12a are joinéd at a catheter splice site
37. The covering hoses 26 and 26a are joi\ned at a hose splice site 38 arranged

at a distance, in the present instance distally, from the catheter splice site 37/.

When the laser applicator is manufactured, first, the catheter bodies 12, 12a are
cut from the same hose profile. The catheter body 12a is then provided with the
reflective layer 31. The same is a metal layer formed by sputtering or vapor

deposition.

The light guide 20 is first worked outside the catheter by removing the protective
sheath 23 from sections thereof. Openings 41 in the form of small bores are
formed in this decoupling portion by laser machining. The light guide thus pre-
pared is set into the lateral groove 13 of the catheter body 12 and is then fixed
using the adhesive 25. Then the catheter body 12a is joined with the catheter
body 12 at the catheter splice site 37, the bodies fitting precisely. Finally, the
decoupling portion of the light guide 20 is set into the lateral groove of the
catheter body 12a and the groove is filled with the material 33.

Finally, the covering hoses 26 and 26a are applied on the respective catheter

sections.

The invention offers the advantage that only the catheter bodies are joined by

splicing and the covering hoses are also spliced in the same manner. In contrast
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thereto, the light guide is continuous, being machined only in the decoupling por-
tion. The laser applicator has low energy losses and it is adapted to apply a high

energy concentration in the target area.
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CLAIMS:
1. A laser applicator comprising an elongate catheter including at least

one circumferentially closed lumen, and light guide extending along the catheter, said
light guide having a decoupling portion in a distal end section of the catheter, wherein
the decoupling portion of the light guide extends in a groove in the outer side of the
catheter, and wherein said light guide is fixed within said groove with a translucent

material filling said groove and comprising light scattering particles.

2. The laser applicator of claim 1, wherein the groove is V-shaped and has

flanks provided with a reflective layer.

3. The laser applicator of claim 1 or 2, wherein, in a midsection of the

catheter, the light guide also extends in a groove on the outer side of the catheter.

4. The laser applicator of any one of claims 1 - 3, wherein the catheter Is
formed by two separate catheter components, in the midsection and the distal end
section, joined at a catheter splice site and wherein the light guide extends integrally

along the midsection and the distal end section.

D. The laser applicator of claim 4, wherein both catheter components have

the same profile.

6. The laser applicator of any one of claims 1 - 5, wherein the light guide
comprises a light-guiding core and a cladding surrounding the core, and wherein it is

provided with openings.

7. The laser applicator of any one of claims 1 - 6, wherein the light guide

has a protective sheath that is removed in the decoupling portion.

8. The laser applicator of any one of claims 1 - 7, wherein the catheter

comprises at least one cooling channel provided with outlet bores in the distal end

section.
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9. The laser applicator of claim 8, wherein two cooling channels are

provided that are arranged on both sides of the light guide and whose outlet bores

are directed towards each other.

10. The laser applicator of claim 9, wherein the outlet bores of both cooling

channels extend under an acute angle with respect to each other.

11. The laser applicator of any one of claims 1 - 10, wherein the catheter is

provided with a covering hose at least in the distal end section.

12. The laser applicator of claim 11, wherein a translucent covering hose is
provided in the distal end section and an opaque covering hose is provided in the

midsection, said two covering hoses being joined at a hose splice site.

13. The laser applicator of any one of claims 1 - 12, wherein the catheter

includes a forming wire that resiliently forms the distal end section in the manner of a

circular loop.

14. The laser applicator of claim 13, wherein the forming wire has a wire
axis and the light guide has a light guide axis, and wherein the wire axis and the light
guide axis lie in a diametrical plane of the catheter cross section, the forming wire

being arranged on the inside in the circular loop.
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