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(57) Abstract

A laser micro-surgery system with two or more lasers (71, 72, 73) with different wavelengths has only essentially ref-
lecting optical elements (74, 75, 76, 78, 79, 91) in the optical path so that on changing from one laser to another the target
point (92) of the laser light is invariant as the wavelength of the light changes. The output laser beam (43) is in the shape of

a hollow cone.
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LASER SURGERY SYSTEM
IEL E N :

There is provided an integrated optical system for
micro-surgery by means of a laser. The system permits a
high degree of accuracy of work and is adapted to
minimize any possible damage to tissues in the path of
the laser beam or beyond the "target® of said beam. It
comprises two or more different lasers and means for the
interchange of these at will.

Al R D OF EN N

It is a paramount requirement of laser systems for
use in micro-surgery, that the system will direct the
required energy onto the desired area. A number of
laser systems is marketed, but none of these meet the
stringent requirements of delivering the required energy
to the target in an accurate manner with minimum
side-effects.

It is a further consideration, that such systems
must have a certain spatial distribution of energy as
regards the working area during surgery.

The important parameters of laser systems of this
type are:

1. Shape of the focused laser beam;
2. The spot size of the beam at the target area;
3. The distribution of energy about the working area;

4. The possible damage to tissue in the path of the
beam, located before the target area;

5. The depth of field of the microscope used;

6. The coordination and coincidence of the focal plane
of the microscope with that of the focused laser beam,
with problems arising out of: '

i) alignment of the mechano-optical system;

ii) difference in the optical wavelength of the laser
as regards IR radiation;

jii) means for aiming the laser beam and of the pointing
devices, both regarding the IR laser and also the
microscope system.

7. The requirement to be able to use differenc lasers
and to interchange these at short notice without undue
manipulation. As regards the above, it must be pointed
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out that the focused laser beam is not an ideal cone
having an infinitelysmall focused spot. The resulting
spot size at the focus depends on the diameter of the
laser beam which enters the lens, on the focal length of
the lens and on the optical wavelength of the laser.

The energy distribution of the laser ijs illustrated with
reference to Fig. 1 where the dashed line triangle
represents an ideal focused beam emerging from a lens of
diameter D and focal length f£. Even with a parallel
laser beam the spot will have a certain size. From this
follows that the energy distribution along the axis of
the focused laser beam has a “"waist" of a certain
pattern, the energy being spread around the ideal focal
point within a distance of 2r around the focal point.

There exist three optical elements, each of which
has an optical axis, and these are combined in the system:
i) The axis of the laser, the resulting spot size and
its location;

ii) The viewing system with its axis;
iii) The aiming device and its axis.

The invention is illustrated with reference to the
enclosed schematical drawings, which are not according to
scale, and in which:

FIG. 1 illustrates the energy distribution of a
focused laser beam;

FIG. 2a illustrates the focusing of a laser beanm,
of a viewing system and of an aiming light beam;

FIG. 2b illustrates the angular misalignment of
optical axes;

FIG. 3 illustrates the danger of direct focusing of
a laser beam onto an eye;

FIG. 4 illustrates the advantges of a hollow laser
beam;

FIG. 5 illustrates the formation of a hollow laser
beam by means of a Reflexicon;

FIG. 6 illustrates means for aiming a laser beam;

FIG. 7 illustrates an integrated aiming and energy
laser system

FIG. 8 and 8a are a side-view and a view from the
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rear of a system of the present invention.

The shape of a focused laser beam is not that of an
ideal cone, having an infinitely small head. The
resulting spot size depends on the diameter of the laser
beam entering the lens, on the focal length of the lens
and on the wavelength of the laser. The energy
distribution in a focused laser beam is illustrated in
FIG. 1, where 11 is the laser beam entering lens 12, f£
being the focus of the lens 12, the conus 13 defining the
ideal focusing, whereas the curved line 14 defines the
actual energy distribution.

There result problems arising from the above,
namely the difference in focal length of each of the
three elements, see FIG. 2a; and the misalignment of the
optical axes, see FIG. 2b. When a microsurgical surgery
system is used for ophthalmic surgery, there arise unique
problems as the laser beam passes through an optical
medium, When the target is the retina, the laser must
be chosen in such a manner that there will be a minimum
of energy absorption by the clear parts of the eye.

When the work is on the fore-part of the eye, damage to
parts of the eye in front of the target must be minimized.

As illustrated in FIG. 3, the corneal parts of the
eye can be damaged when surgery is done on the lens of
the eye. It has been suggested to use wide-angle optics
to reduce the spot size of the laser and the effective
deptﬁ of the laser focus.

SUMMARY OF THE INVENTION:

According to the invention there is provided a
laser micro-surgery system adapted to focus laser energy
to the desire location, with minimum interference with
and damage to parts of the tissue which.are not to be
affected. The novel system has applications in
different fields of surgery, but it is illustrated herein
with a special emphasis on the use in eye surgery. This
specific use is illustrative only and the invention is by
no means restricted to this specific application.
According to the invention there is provided an optical
system by which there is obtained a hollow laser beam,
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which is provided around a hollow core. As the entire:
energy of the laser beam is within this "tubular®" hollow
conical configuration, damage to parts of the eye in
front of the working area are minimized.

Accordingly, there is provided a laser microsurgery
system which comprises at least one laser, and generally
two or three different lasers, which laser system
comprises only reflecting optical elements which make
possible the accurate focusing of radiations at a variety
of wavelengths, thus preventing the necessity of
adjustments and refocusing when there is a changeover
from one laser to another. There are provided aiming
means coordinated with the laser or lasers. The
focusing system advantageously comprises a folding
mirror, an inverting Wexocon or Reflexicon, a holding
prism, a beam splitter and a reflective objective.

The hollow laser beam is formed by means of a
Reflexicon, or equivalent optical element. Such beam is
focused onto the target by means of a system comprising a
reflective lens onto which such hollow beam is pointed,
and which reflects the beam onto the inner surface of a
suitably shaped curved mirror, adapted to focus the beam
in an accurate manner.

There is provided an aiming system, aligned with
the energy laser beam. Such aiming beam comprises a
suitable laser (such as HeNe laser), which is passed via
an Axicon, through a beam expander and with results in a
hollow beam which is used for the intended aiming of the
system onto the target.

The microsurgery system comprises essentially
reflecting elements only, as with these the focal points
are identical for varying optical wavelengths. The main
element is the Cassagrenian mirrored device, of the type
used in telescopes and microscopes. The system is built
around this main element, and comprises an aiming laser
beam, and an energy laser beam used for the actual
surgery.

According to a preferred embodiment, a number of
lasers are used in the system, each serving at a certain
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stage of the surgery. All of these are aligned with the
aiming system, and changeover from one laser to another
does not require refocusing or realignment. As shown in
FIG. 3, the light beam 31, coming from a focusing lens,
which is not shown, passes the cornea 32 already in a
quite focused manner, and is focused onto the lens 33.
The beam is apt to damage the cornea 32 due to the high
energy density. The configuration of a laser beam
according to the invention is illustrated with reference
to schematical FIG. 4, which is not according to scale,
where 41 is a laser beam directed on lens 42, all the
energy being in the conical envelope 43, passing into the
eye and being focused onto the lens 44 at 45, without
affecting the frontal part of the eye.

The laser beam can be given this spatial
configuration by various means, some of which are as
follows:

As shown in FIG. 5, the beam from energy laser 51
having a Gaussian beam shape is directed onto a
Reflexicon 52 resulting in a doughnut beam shape as
illustrated at 53, providing the hollow laser beam 54
which is used for the intended purposes. The laser beam
may be aimed at the target making use of the device
illustrated in FIG. 6 where 61 designates a HeNe laser,
the beam 62 of which is directed at the Axicon 63 and via
beam expander 64 to the target 65. A system according
to the present invention is jllustrated with reference to
FIG. 7 and 7a, which are respectively a schematical
side-view in partial section through such device, while
FIG. 71 is a sectional rear-view of the system.

There is provided a system for aligning the three
axes of the laser system, and this by means of reflecting
instead of refracting optics. The big advantage of
reflecting optics is that the resulting focal point does
not depend on the wavelength of the light used, and thus
the resulting depth of field is the same for the
components of the system. A preferred optical element
for this purpose is a Cassagrenian mirror device which is
used in telescopes and with microscopes. A device based
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on this principle is illustrated with reference to FIG. 8
wherein:

A hollow laser beam 81 is directed via beam
splitter 82 to the first surface-silvered mirror 83, and
also to the image rotator 84 directing the beam onto the
beam cube splitter 85, to display 86, and from same to
stereo image splitter 87, there being directed a laser
beam 88 from HeNe laser 89 to the HeNe beam doubler 90,
from same to said beam cube splitter 85, and to display
86 and stereo image splitter 87.

The hollow laser energy beam reflected from the
front-silvered mirror 83 is reflected onto the reflecting
inner surface of the spherical or aspherical mirror 91
which focuses it onto target 92. The aiming is done by
means of the HeNe laser beam, and after such focusing the
energy laser beam 81 can be used for surgery, as these
are aligned and the focusing of the aiming beam also
results in the focusing of the energy beam. This energy
beam enters via the opening in the mirror 91.

In this system only reflective optical elements are
used and this makes possible the focusing with different
wave-lengths without any subsequent adjustment.

A triple-laser system is illustrated with reference
to FIG. 7, where there are provided 3 interchangeable
lasers 71, 72 and 73 which may be, for example, Erbium,
NdYAG and Ruby lasers, respectively. There is provided
a laser-selecting folding mirror 74 actuated by knob 75
by which the lasers can be changed over from one to the
other.

The laser beam selected is directed onto folding
mirror 75 and from same to inverting Wexicon 76 which
directs part of the beam onto folding prism 77 and part
onto beam splitter and annular mirror 78, and via
secondary mirror 79 and reflective objective 80 to first
mirror 91, back to mirror 79 and to focal point 92. The
alignment is done by means of eyepieces 93 and 94. As
the entire optical system comprises only reflecting
elements, the focusing is valid for different
wave-lengths, and thus the changeover from one laser to
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the other does not require a new focusing.

The system makes possible to use for every step of
surgery the most appropriate laser and thus different
lasers can be used for cutting, for coagulation, etc.

It is an important feature that the system provides
the possibility to change over from one laser type to
another without the requirement for any complicated
adjustments, or additional optical elements.

This is of considerable importance for various
types of surgery, as the effect of different types of
lasers on human tissues is a different one as regards
cutting properties, coagulation, etc. Thus, it is
possible to provide in one system a plurality of
different lasers.

The present invention is illustrated herein with
reference to a system which comprises 3 different lasers,
but there can be provided 2 or more, as required. For
example, lasers may be chosen amongst erbium lasers,
N3-YAG lasers, ruby lasers, Coz—lasers, etc. As the
system is based on the use of reflective optical
elements, to the exclusion of refractive optical elements
as far as the laser beams are concerned, the system can
be used with one basic focusing adjustment for a wide
variety of wavelengths without subsequent repeat
adjustment. The novel system makes possible the use of
high energy density level lasers of any desired
wavelength, either in continuous or pulsed operation
without spherical or other aberrations. When pulses are
used, these may be of a very high energy intensity.

For example, there maybe used pulses in the 100-500
pico-second pulse duration with intensities of the order
of IOQW/sz. A plurality of lasers is provided, and
there is provided a laser selector which provides for the
speedy changeover from one to the other.
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THE CLAIMS:
1. A laser microsurgery system provided with more than

one laser, provided with a system of reflecting optical
elements, so that various wavelength radiations can be
accurately focused without adjustments during changeovers
of these from one to the other.

2. A microsurgery system according to claim 1, where a
number of lasers are provide, each specifically suited
for a certain stage of surgery.

3. A system according to claim 1 or 2, where the
focusing system comprises in combination a folding
mirror, an inverting Reflexicon or Wexicon, a folding
prism, a beam splitter and a reflective objective.

4. A system according to claim 3, comprising an
annular mirror.

5. A system according to any of claims 1 to 4, where
there are provided at least 2 lasers selected from
erbium, Nd-YAG, ruby and CO2 lasers.

6. A system according to claims 1 to 4, for use in
eye-surgery, where means are provided for generating a
hollow conical focused laser beam.

7. A system according to any of claims 1 to 6, where
the means for forming a hollow laser beam comprise an
Axicon, or a Wexicon or an equivalent optical element.

8. A system according to claim 7, where the hollow
beam is focused onto the target by means of a combination
of a front-silvered convex mirror, which reflects the
hollow beam onto the interior surface of a spherical or
aspherical mirror which focuses the hollow beam onto the
target.

9. A laser microsurgery system substantially as
hereinbefore described with reference to the accompanying
drawings.

k]
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