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DYNAMIC OPTICAL SURGICAL SYSTEM UTILIZING
A FIXED RELATIONSHIP BETWEEN
TARGET TISSUE VISUALIZATION AND BEAM DELIVERY
[0001] This application claims the benefit of U.S. Provisional Application No.
60/795,918, filed April 28, 2006, the contents of which are incorporated herein by

reference.

FIELD OF THE INVENTION
[0002] The present invention relates to optical surgical devices and techniques, and
more particularly to optical ophthalmic surgical devices for treating tissue that utilizes

coupled and moving visualization and beam delivery systems.

BACKGROUND OF THE INVENTION
[0003] Photocoagulation procedures for treating retinal tears, diabetic retinopathy and
other retinal disorders are well known in the art. A well known slit lamp microscope

configuration has been used to provide the visualization and base for such procedures.

[0004] Traditional ophthalmic surgical laser systems include a laser source that
connects to a slit lamp-mounted delivery device via an optical fiber. The treatment often
times is implemented using a visible aiming beam that individually marks the location at
which the laser spot will impinge the target tissue. There are usually about 1500 laser
pulses delivered in a standard pan retinal photocoagulation procedure, often totaling over 90
minutes of treatment across multiple sessions. Each of these laser pulses is activated by a
depression of footswitch, and the parameters of the delivered laser pulse are controlled by a
control panel. This single-shot “step and repeat” approach is time consuming, fatiguing,

tedious, and uncomfortable for both the physician and patient.

[0005] Other attempts to improve the safety and speed of laser surgery have been
proposed. These approaches require that the underlying laser system be inordinately
complicated. For example, the simultaneous multiple spot delivery devices described in
U.S. Patent. Nos. 5,921,981, 6,066,128 and 6,096,028 must employ a laser system capable

of producing output powers considerably greater than those of a single spot system. This
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increase in laser power introduces additional and considerable expense, and raises possible

safety concermns.

[0006] Similarly, in order to increase the speed of the manual procedure, the approach
described in Intl. Pub. No. WO 2005/065116 A2 utilizes a single beam that is scanned using
scanning optics to create a pattern of sequential therapeutic laser spots first represented by
an aiming beam. The scanning of a single spot in the arrangement of a pattern allows the
use of a lower power laser beam and source. In order to assure that the size and shape of the
patterns of spots produced by both the aiming and therapeutic beams are identical, this
device employs elaborate pattern sensing and associated feedback systems. While
providing a means for improving laser surgery, it also increases the system cost and
complexity. Moreover, there is no deliberate correlation between the physician’s visual field

of view through the microscope and the patterns of spots produced by the system.

[0007] Accordingly, there is a need for a safe, cost effective, adaptable and time-
efficient approach to laser surgery that produces a pattern of treatment light that is reliably
generated and that is closely linked to the physician’s field of view.

SUMMARY OF THE INVENTION
[0008] The present invention solves the aforementioned problems by providing a
surgical device and method for translating an optical beam on target tissue in a
predetermined pattern, while simultaneously moving the physician’s field of view of the

target tissue.

[0009] The surgical device for treating target tissue includes a light source for
generating a treatment beam of light, an optical element for directing the treatment beam
onto target tissue, a plurality of optical elements for generating an image of the target tissue
from light emanating from the target tissue, a translation device for translating at least one
of the light source, the optical element and the plurality of optical elements relative to the
target tissue to simultaneously move the treatment beam along the target tissue and a field
of view of the target tissue defined by the plurality of optical elements, and control
electronics for controlling the translation device to cause the treatment beam to move along

the target tissue in a predetermined pattern.
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[0010] In an additional aspect, the surgical device for treating target tissue includes a
light source for generating a treatment beam of light, a plurality of optical elements for
generating an image of the target tissue from light emanating from the target tissue, a .
translation device for translating the light source and the plurality of optical elements
relative to the target tissue to simultaneously move the treatment beam along the target
tissue and a field of view of the target tissue defined by the plurality of optical elements,
and control electronics for controlling the translation device to cause the treatment beam to

move along the target tissue in a predetermined pattern.

[0011] The method of treating target tissue includes generating a treatment beam of
light using a light source, directing the treatment beam onto target tissue using an optical
element, generating an image of the target tissue from light emanating from the target tissue
using a plurality of optical elements, and translating at least one of the light source, the
optical element and the plurality of optical elements relative to the target tissue to
simultaneously move the treatment beam along the target tissue and a field of view of the
target tissue defined by the plurality of optical elements, and to cause the treatment beam to

move along the target tissue in a predetermined pattern.

[0012] In another aspect, the method for treating target tissue includes generating a
treatment beam of light using a light source, generating an image of the target tissue from
light emanating from the target tissue using a plurality of optical elements, and translating
the light source and the plurality of optical elements relative to the target tissue to
simultaneously move the treatment beam along the target tissue and a field of view of the
target tissue defined by the plurality of optical elements, and to cause the treatment beam to
move along the target tissue in a predetermined pattern.

[0013] Other objects and features of the present invention will become apparent by a

review of the specification, claims and appended figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Fig. 1 is a schematic view the ophthalmic surgical device in which the laser
system and microscope are translated to simultaneously move the treatment beam and the

physician’s field of view.
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[0015] Fig. 2 is a schematic view the ophthalmic surgical device in which the _
microscope is translated to simultaneously move the treatment beam and the physician’s

field of view.

[0016] Fig. 3 is a target plane plan view of a pattern of spots of treatment light

generated by the ophthalmic surgical device.

[0017] Fig. 4 is a target plane plan view of a line pattern of treatment light generated by
the ophthalmic surgical device.

[0018] Fig. 5 is a target plane plan view of a two dimensional pattern of spots of
treatment light generated by the ophthalmic surgical device.

[0019] Fig. 6 illustrates a target generated by the microscope indicating the location of
the treatment beam on the target tissue image.

[0020] Fig. 7 is a schematic view the ophthalmic surgical device of Fig. 1 further
including a reticle device indicating the location of the treatment beam on the target tissue

image.

[0021] Fig. 8 illustrates the view provided by the reticle device, including system

information.

[0022] Fig. 9 is a schematic view the ophthalmic surgical device in which the laser

system and a portion of the microscope are translated to simultaneously move the treatment

beam and the physician’s field of view.

[0023] Fig. 10 is a schematic view the ophthalmic surgical device in which the laser
system and a portion of the microscope are translated to simultaneously move the treatment

beam and the physician’s field of view.

[0024] Fig. 11 is a schematic view the ophthalmic surgical device in which a lens is

translated to simultaneously move the treatment beam and the physician’s field of view.

[0025] Fig. 12 is a side cross-sectional view of an ophthalmic contact lens with a
movable lens that is translated to simultaneously move the treatment beam and the

physician’s field of view.
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[0026] Fig. 13 is a schematic view the ophthalmic surgical device in which the laser
system and the microscope are translated to simultaneously move the treatment beam and
the physician’s field of view, where the treatment beam and visualization beam are spatially

separate except for the point at which they cross each other.

[0027] Fig. 14 is a target plane plan view of a pattern of spots of treatment light

generated by the ophthalmic surgical device, with irregular spacing between the spots.

[0028] Fig. 15 is a target plane plan view of a circular pattern of spots of treatment light

generated by the ophthalmic surgical device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0029] The present invention is an ophthalmic surgical device and method that increases
the speed and improves the safety of laser surgeries, such as retinal photocoagulation, by
simultaneously moving the treatment beam and the physicians field of view (target tissue

visualization).

[0030] Fig. 1 illustrates the ophthalmic surgical device 10, which includes a light source
assembly 12 mounted rigidly to a microscope 14. Light source assembly 12 contains a
treatment light source 16 (e.g. 532 nm solid state laser, although could instead be another
type of suitable light source such as gas or solid state laser, laser diode, flash lamp, light
emitting diode(s), etc.) for generating a treatment beam of light 18, and an aiming light
source 20 (e.g. 635 nm laser diode, although could instead be another type of suitable light
source such as gas or solid state laser, laser diode, flash lamp, light emitting diode(s), etc.)
for generating an aiming beam of light 22. Aiming beam 22 can be visible to the eye, or
invisible if an alternate visualization scheme, such as infrared imaging, is employed.
Treatment beam 18 from light source 16 first encounters mirror 24 which serves to reflect a
fixed portion of the treatment light towards a photodiode for measuring the power of
treatment beam 18 (for safety reasons). Treatment beam 18 then encounters a shutter 28 for
controlling the delivery of the treatment beam 18 by selectively blocking the light.
Treatment beam 18 then encounters a turning mirror 30 that reflects the light to mirror 32,
which serves to combine treatment beam 18 and aiming beam 22 onto the same optical path.

A mirror 34 and a photodiode 36 serves to sample a portion of beams 18, 22 to measure
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power (and to act as a redundant monitor of the state of the shutter 28). A lens 38 (e.g. a
single lens, a compound lens, etc.) can be used to condition the light leaving light source
assembly 12. Control electronics 40 control the light sources 16, 20 and shutter 28 via an
input/output device 42. Control electronics 40 can also receive monitoring signals from
shutter 28 and photodiodes 26, 36. A graphical user interface 44 and a user input device 46
(e.g- a joystick) can be used by the physician to monitor and control the system via the

control electronics 40.

[0031] Microscope 14 includes a delivery mirror 50, which directs the beams 18, 22 to
the patient’s eye 52 via an ophthalmic lens 54. In the configuration of Fig. 1, the
ophthalmic lens 54 creates a mid-air real image of the patient’s retina at location OP.
Delivery mirror 50 may be adjustable (movable) to selectively change the target tissue
within the patient’s eye 50 to which beams 18, 22 are directed. An image of the patient’s
eye is visualized by passing image light (visualization beam 48) from the target tissue in the
patient’s eye 52 through mirror 50, through an objective lens 56, through a magnification
stage 58, through an eye safety filter 60, through an eyepiece lens 62, and into the
physician’s eye 64. The source for the imaging light is provided by an auxiliary means not
shown. For example, this illumination may be provided conventionally as found on a slit
lamp microscope. Eye safety filter 60 prevents therapeutic light from beam 18 from
entering the physician’s eye 64. Magnification stage 58 includes one or more movable
optical elements (e.g. lenses) that change the magnification of the image entering the
eyepiece lens 62. The magnification stage as shown may consist of the tube lens as
conventionally found in the slit lamp microscope. Eyepiece lens 62 could be a plurality of
optical elements that deliver the target tissue image to both eyes of the physician in the
same manner as is done in well known slit lamp microscopes. The optical system in
microscope 14 produces an intermediate image plane IP that is conjugate to the system
object plane OP. Preferably the beams 18, 22 and 48 travel along the central optical axis
OA of the microscope 14, such that the system will provide the most peripheral viewing in
all directions around the target tissue as the system operates. Alternately, the microscope
need not utilize a common main objective lens as shown, but may of the Greenough type.

Greenough microscopes include two separate compound microscopes—one for each eye—
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each arranged with a different convergence angle. They are low-cost but not as flexible as

other designs.

[0032] One key feature of the system is that the optical axis OA of the microscope 14
(including delivery mirror 50) is translated in a predetermined pattern relative to the
patient’s eye to move the beams 18, 22 on the target tissue but without deviating the
visualization beam 48 away from the optical axis OA as it passes through the microscope
14. This allows for the movement of the beams 18, 22 in a pattern on the target tissue
simultaneously with a corresponding change of the physician’s field of view so that the
peripheral viewing by the physician is not compromised (i.e. target tissue receiving the
beams 18, 22 stays centered in the field of view at eyepiece lens 62). Translation is
accomplished with a translation device 66 that translates the ophthalmic surgical device 10
(the light source assembly 12 and microscope 14) relative to the patient’s eye 52 in a
predetermined pattern. More specifically, the translation device moves the surgical device
10 relative to a head rest or other apparatus that secures the position of the patient’s head.
Suitable translation devices can include, but are not limited to, a motor, a piezoelectric

element, a galvo, and/or a combination of these, under the control of control electronics 40.

[0033] Fig. 1 illustrates the translation of microscope 14 by an offset amount OS away
from the centerline CL of the patient’s eye (and/or the centerline of ophthalmic lens 54), in
the direction of arrow X. This translation causes the beams 18, 22 to translate by that same
amount (OS) at the point they enter lens 54, thus causing the spot at which the beams 18, 22
strike the retinal tissue of the patient’s eye 52 to move from point O to point S. The actual
distance between points O and S in the patient’s eye 52 (based on a microscope translation
distance OS) will depend upon the magnification of the optical system between location OP
and the target tissue. If the mid-air image of patient’s eye is magnified by a factor M, then
the distance between points O and S at the target tissue (representing the displacement
distance DP of beams 18, 20 at the target tissue caused by the translation of OS) will be
DP=OS/M. In this particular illustration, M (which is dictated by ophthalmic lens 54 and
the patient’s eye optical p6wer 68) is such that DP is less than OS.

[0034] In the configuration of Fig. 1, translation device 66 moves both light source
assembly 12 and microscope 14 together, which contemplates that both are integrally

packaged together. Fig. 2 illustrates an alterate embodiment, where light source assembly
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12 and microscope 14 are separate components, and translation device 66 only translates
microscope 14 (and not light source assembly 12). In this configuration, an optical fiber 70
and lenses 72, 74 are used to deliver the beams 18, 22 to delivery mirror 50 such that _
relative movement between light source assembly 12 and microscope 14 do not alter the
alignment of beams 18, 22 onto delivery mirror 50. In this manner, the heavier and bulkier
components of light source assembly 12 need not move along with the translational
movement of microscope 14 to implement the desired movement of beams 18, 22 on the

target tissue.

[0035] Figs. 1 and 2 show visualization of the patient’s eye 52 via the microscope 14 by
directing the image beam 48 onto the retina of the physician’s eye 64. It should be noted,
however, that a camera or other suitable imaging device (e.g. scanning laser
ophthalmoscope, optical coherence tomography, etc.) can be used to capture the image light
and reproduce the image formed thereby for the physician. The image can be displayed on

an electronic display or the system graphic user interface 44.

[0036] By moving the microscope 14 (and optionally the light source assembly 12)ina
predetermined pattern, it allows the physician to rapidly treat a relatively large area of target
tissue in a semi-automated manﬁer, while maintaining the beams 18, 22 at or near the center
of the physician’s field of vision. For example, Fig. 3 illustrates a pattern of spots 76 of the
treatment beam 18 delivered to a treatment area 78 on the target tissue by moving the
microscope 14 as described above. Here, the light source 16 and/or shutter 28 are
configured to produce a pulsed treatment beam 18, where the microscope 14 is moved
between the delivery of pulsed light. The system steps through the motion in the X
direction (with velocity V) and then stops for each pulse of light, thus providing for each
spot 76 to be delivered while the system is stationary. The motion is then repeated, where
multiple spots 76 are delivered to the treatment area 78 by this step, stop, treat and repeat
sequence. This process can be first performed using the aiming beam 22, showing the
physician where the treatment beam pattern will be directed. Once the pattern of aiming
spots is visually aligned to the desired treatment area 78, the physician can trigger the
system to deliver the pattern of treatment light to that same treatment area 78.

[0037] While the spots 76 are shown as round, they need not necessarily be round: The
pattern of light projected onto the treatment area need not be discrete spots either. The
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system can move the treatment beam 18 along the target tissue during a single pulse or
using a continuous light source. Fig. 4 illustrates a spot 76 of treatment light moved across
the treatment area while the treatment light source 16 is on and shutter 28 is open, which
results is a pattern of light that constitutes a line of the treatment light on the treatment
tissue. In this example, if the spot 76 has a diameter d and is moved along the target tissue
at a rate of d/¢ in the positive x-direction, the spot provides an effective pulse duration ¢
covering a distance D. If the treatment light source is on continuously, and thus ¢ can be as
long as possible, then a relatively long treatment area 78 can be covered by a single
application of treatment beam 18. Alternately, the beam may be gated on and off, which

would provide an array of spots.

[0038] The pattern of spots or lines need not be limited to just single straight lines. Fig.
5 illustrates a 2-dimensional pattern created by translating the microscope 14 in multiple
directions. In this example, the system is first translated at velocity V1 to complete path 1.
The system then executes a perpendicular motion along path 2 at velocity V2. Finally, the
system executes another perpendicular motion along path 3 at velocity V3, completing two
rows of discrete treatment spots 76. Curved paths are also possible, including arcs, circles,
and random paths. The treatment light can be delivered as discrete stationary spots as

shown in Fig. 5, or one or more lines (curved or straight) on the target tissue.

[0039] It should be noted that the inclusion of aiming beam source 20 and the use of
aiming beam 22 is optional. If aiming beam 22 is used, the pattern of the aiming light can
either replicate precisely the pattern of the treatment light (i.e. spatially superimposed on
each other at the target tissue), or it can be a different pattern that indicates where the
treatment light pattern will be applied. For example, the pattern for the aiming beam 18
could be a square or circle that surrounds or otherwise circumscribes the tissue that will

receive the pattern of treatment beam 18.

[0040] Fig. 6 shows an alternative to the use of aiming beam 22. Instead of projecting
aiming light onto the target tissue and visualizing that aiming light, a target 80 formed as
indicia (i.e. a static reticle) on or between one of the optical elements used to visualize the
target tissue can be used to indicate the location of the treatment pattern. This alignment
scheme makes use of the fact of the fixed relationship between the visualization image 82 of

the target tissue (as seen through microscope 14) and the location of spot 76 in the treatment
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pattern. Here target 80 is used to inform the physician of the location of the treatment beam
on the target tissue. Because the imaging system of microscope 14 is moving along with the
treatment beam 18 relative to the target tissue, the location of spot 76 in the image 82 does
not change. Image 82 effectively serves as an alignment aid for locating the spot 76 with

respect to the tissue.

[0041] Fig. 7 illustrates a configuration to implement target 80, by including a reticle
device 84 at the intermediate image plane IP that generates or forms target 80. The reticle
device 84 can be a passive optical element with indicia markings, or an active optical
element such as an LCD or projection device that generates target 80 under the control of
control electronics 40. The target 80 of reticle device 84 is aligned such that the treatment
beam 18 will only be delivered to locations of the target tissue within the boundary defined
by the target 80 as overlaid over the image of the target tissue. Here, the target 80 is imaged
directly into the physician’s eye so that it is seen as overlaid on the image of the patient’s
retina. In the case of an active optical reticle device, the target 80 is adjustable, to readily
adapt to different system magnifications, spot sizes, treatment areas and shapes, while still
providing inherent accuracy. System information, such as the laser power, pulse duration,
treatment area, spot size, etc., can also be displayed to the physician by the reticle device 84,
which would allow the physician access to such information dynamically without having to
look away from the patient image (see Fig. 8). If the image is captured and displayed on a
screen or GUI 44, only that portion of target shown within the confines of the expected
treatment area to be subjected to treatment by the laser light may be shown.

[0042] Fig. 9 illustrates an alternate embodiment which is similar to that of Fig. 1. In
this embodiment, not only is the entire light source assembly 12 contained with the
microscope 14, but only a portion 86 of microscope 14 is translated to generate the pattern
of treatment light on the patient’s eye. Specifically, translation device 66 moves light
source assembly 12, delivery mirror 50, lens 56 and magnification stage 58. The rest of the
microscope components remain aligned to the centerline CL of the patient’s eye. The
advantage of this configuration is that only some, but not all, of the microscope components
are moved by translation device 66. Fig. 10 illustrates the same embodiment, but where the
magnification stage 58 is included as part of the optical elements that remain stationarLy

instead of moving. To further eliminate the number of components being moved by
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translation device 66, the objective lens 56 can be located on the target tissue side of .
delivery mirror 50, where only the objective lens 56 is translated by translation device 66 to

move the beams 18, 22 over the target tissue (as shown in Fig. 11).

[0043) Fig. 12 illustrates another embodiment similar to that of Fig. 11. Instead of
moving any components in the microscope 14, a lens 88 internal to the ophthalmic lens 54
can be translated. In this configuration, ophthalmic lens 54 includes the lens 88, a contact
plate 90 (which contacts the patient’s eye), a housing 92, and a translating device 94 (which
can include any of the moving devices described above) that moves the lens 88 in the x and
y directions. Control lines 96 may be connected to the input/output device 42. Translating
the lens 88 via translation device 94 allows for the image of the patient’s eye to move in the
object plane OP, thus moving spot 76 on the target tissue. Although an ophthalmic lens
with a contact plate 90 is shown, it is not required. It is possible to use an ophthalmic lens
that does not contact the patient’s eye. In the case of a non-contact ophthalmic lens, only

housing 92, lens 88, and control lines 96 are included.

[0044] Fig. 13 shows an embodiment similar to that of Fig. 1, where beam 18, 22 from
the light source assembly 12 and the visualization beam 48 through the microscope 14 are
spatially separated and made to point to a common location in object plane OP created by
lens 54. Thus, the system includes three optical devices that “look” in different directions,
but share a common point S in the patient’s eye 52. Such a configuration allows for easy
integration with existing devices, as the optical train of the visualization system does not
need to be altered to accommodate the light source assembly 12. Furthermore, in the
manner described with respect to Fig. 7, a heads-up display type device similar to reticle
device 84 may be added at location IP to provide a dynamic display of the beam position in
the patient’s eye 52 to the physician (by having the movement of translation device 66
controlled and monitored by control electronics 40). In this configuration, the visualization
system need not move at all, but still show the physician the ultimate disposition of beams
18,22,

[0045] It is to be understood that the present invention is not limited to the
embodiment(s) described above and illustrated herein, but encompasses any and all
variations falling within the scope of the appended claims. For example, the spacing

between consecutive spots can be altered as shown in Fig, 14 by varying the magnitude of
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velocity V or by pulsing the light source with varying interval times, to result in the
irregular spot spacing. While linear scanning is described above, arc or circular beam
movement (such as that shown in Fig. 15) can also be implemented. While the
embodiments described above include ophthalmic lens 54, this lens could be omitted from

any of these embodiments.
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‘What is claimed is:

1. A surgical device for treating target tissue, comprising:

a light source for generating a treatment beam of light;

an optical element for directing the treatment beam onto target tissue;

a plurality of optical elements for generating an image of the target tissue from light
emanating from the target tissue;

a translation device for translating at least one of the light source, the optical element
and the plurality of optical elements relative to the target tissue to simultaneously move the
treatment beam along the target tissue and a field of view of the target tissue defined by the
plurality of optical elements; and

control electronics for controlling the translation device to cause the treatment beam

to move along the target tissue in a predetermined pattern.

2. The surgical device of claim 1, wherein the optical element is a mirror for

reflecting the treatment beam toward the target tissue.

3. The surgical device of claim 1, wherein the light emanating from the target

tissue passes through the optical element and to the plurality of optical elements.

4, The surgical device of claim 2, wherein the translation device translates the

light source, the mirror and the plurality of optical elements.

5. The surgical device of claim 2, wherein the translation device translates the

mirror and the plurality of optical elements.

6. The surgical device of claim 5, further comprising:

an optical fiber for delivering the treatment beam to the mirror.

7. The surgical device of claim 2, wherein the translation device translates the

mirror and some but not all of the plurality of optical elements.
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8. The surgical device of claim 3, wherein the translation device translates the
optical element.
9. The surgical device of claim 8, wherein the optical element is a lens.
5
10. The surgical device of claim 9, further comprising:

a housing; and
a contact element mounted to the housing for making contact with a patient’s eye,
wherein the lens is mounted to the housing via the translation device, and wherein the

10 translation device moves the lens relative to the housing.

11. The surgical device of claim 1, wherein the translation device translates the

light source and the plurality of optical elements.

15 12. The surgical device of claim 11, wherein:
the treatment beam follows a first optical path from the light source, through the
optical element and to the target tissue;
the light emanating from the target tissue follows a second optical path from the
target tissue, through the optical element, and through the plurality of optical elements; and
20 the first and second optical paths are spatially separated but cross each other at a

common location.

13. The surgical device of claim 12, wherein:
the plurality of optical elements includes a lens that defines an object plane; and

25 the common location is located at the object plane.

14. The surgical device of claim 1, wherein at least one of the plurality of optical
elements includes target indicia for visually referencing a location of the target tissue at
which the treatment beam is incident on the target tissue.

30
15.  The surgical device of claim 1, wherein the plurality of optical elements

further comprises:
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a reticle device for visually marking a location in the image of the target tissue at

which the treatment beam is incident on the target tissue.

16.  The surgical device of claim 15, wherein the reticle device further displays

information about at least one of the treatment beam and an operation of the light source.

17. The surgical device of claim 1, wherein the treatment beam directed onto the
target tissue is pulsed, and wherein the predetermined pattern comprises a plurality of

spaced apart spots,

18. The surgical device of claim 17, wherein the spots are spaced apart by

irregular spacing,

19. The surgical device of claim 1, wherein the predetermined pattern comprises

one or more curved or straight lines.

20. The surgical device of claim 1, further comprising:

a second light source for generating an aiming beam of light, wherein the optical
element directs the aiming beam onto the target tissue, and wherein the translation device
translates at least one of the second light source, the optical element and the plurality of
optical elements relative to the target tissue to simultaneously move the aiming beam along
the target tissue and the field of view of the target tissue defined by the plurality of optical

elements.

21. The surgical device of claim 1, further comprising:

a graphic user interface for operating the control electronics.

22. A surgical device for treating target tissue, comprising:
a light source for generating a treatment beam of light;
a plurality of optical elements for generating an image of the target tissue from light

emanating from the target tissue;
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a translation device for translating the light source and the plurality of optical
elements relative to the target tissue to simultaneously move the treatment beam along the
target tissue and a field of view of the target tissue defined by the plurality of optical
elements; and

control electronics for controlling the translation device to cause the treatment beam

to move along the target tissue in a predetermined pattern.

23. The surgical device of claim 22, wherein:

the treatment beam follows a first optical path from the light source to the target
tissue;

the light emanating from the target tissue follows a second optical path from the
target tissue and through the plurality of optical elements; and

the first and second optical paths are spatially separated but cross each other at a

common location.

24. The surgical device of claim 23, wherein:
the plurality of optical elements includes a lens that defines an object plane; and

the common location is located at the object plane.

25. A method of treating target tissue, comprising:

generating a treatment beam of light using a light source;

directing the treatment beam onto target tissue using an optical element;

generating an image of the target tissue from light emanating from the target tissue
using a plurality of optical elements; and

translating at least one of the light source, the optical element and the plurality of
optical elements relative to the target tissue to simultaneously move the treatment beam
along the target tissue and a field of view of the target tissue defined by the plurality of
optical elements, and to cause the treatment beam to move along the target tissue in a

predetermined pattern.

26.  The method of claim 25, wherein the optical element is a mirror for

reflecting the treatment beam toward the target tissue,
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27.  The method of claim 25, wherein the light emanating from the target tissue
passes through the optical element and to the plurality of optical elements.

28. The method of claim 26, wherein the translating comprises translating the

light source, the mirror and the plurality of optical elements.

29.  The method of claim 26, wherein the translating comprises translating the

mirror and the plurality of optical elements.

30.  The method of claim 29, further comprising:

delivering the treatment beam to the mirror using an optical fiber.

31.  The method of claim 26, wherein the translating comprises translating the

mirror and some but not all of the plurality of optical elements.

32.  The method of claim 27, wherein the translating comprises translating the
optical element.

33. The method of claim 32, wherein the optical element is a lens.

34.  The method of claim 33, further comprising:

placing a contact element mounted to a housing in contact with a patient’s eye,
wherein the lens is mounted to the housing, and wherein the translating comprises moving

the lens relative to the housing,.

35. The method of claim 25, wherein the translating comprises translating the
light source and the plurality of optical elements.

36. The method device of claim 35, wherein:
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the treatment beam follows a first optical path from the light source, through the
optical element and to the target tissue;

the light emanating from the target tissue follows a second optical path from the
target tissue, through the optical element, and through the plurality of optical elements; and

the first and second optical paths are spatially separated but cross each other at a

common location.

37.. The method of claim 36, wherein:
the plurality of optical elements includes a lens that defines an object plane; and

the common location is located at the object plane.

38. The method of claim 25, wherein at least one of the plurality of optical
elements includes target indicia for visually referencing a location of the target tissue at

which the treatment beam is incident on the target tissue

39. The method of claim 25, wherein the plurality of optical elements further
comprises:
a reticle device for visnally marking a location in the image of the target tissue at

which the treatment beam is incident on the target tissue.

40. The method of claim 39, further comprising:
displaying information about at least one of the treatment beam and an operation of

the light source on the reticle device.
41. The method of claim 25, wherein the treatient beam directed onto the target
tissue is pulsed, and wherein the predetermined pattern comprises a plurality of spaced apart

spots.

42.  The method of claim 41, wherein the spots are spaced apart by irregular

. spacing.
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43.  The method of claim 25, wherein the predetermined pattern comprises one or

more curved or straight lines.

44, The method of claim 25, further comprising:

generating an aiming beam of light using a second light source;

directing the treatment beam onto the target tissue using the optical element; and

translating at least one of the light source, the optical element and the plurality of
optical elements relative to the target tissue to simultaneously move the aiming beam along
the target tissue and the field of view of the target tissue defined by the plurality of optical

elements.

45. A method for treating target tissue, comprising:

generating a treatment beam of light using a light source;

generating an image of the target tissue from light emanating from the target tissue
using a plurality of optical elements; and

translating the light source and the plurality of optical elements relative to the target
tissue to simultaneously move the treatment beam along the target tissue and a field of view
of the target tissue defined by the plurality of optical elements, and to cause the treatment

beam to move along the target tissue in a predetermined pattern,

46. The method of claim 45, wherein:

the treatment beam follows a first optical path from the light source to the target
tissue;

the light emanating from the target tissue follows a second optical path from the
target tissue and through the plurality of optical elements; and

the first and second optical paths are spatially separated but cross each other at a

common location.

47. The method of claim 46, wherein:
the plurality of optical elements includes a lens that defines an object plane; and

the common location is located at the object plane.
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