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PHOTODYNAMIC THERAPY LASER

Field of the Invention

[0001] This invention relates generally to lasers, and more particularly to photodynamic

therapy laser systems which are compact, portable and easier to use in a treatment facility.
Background

[0002]  Photodynamic therapy (PDT) is a non-invasive medical procedure used for the
treatment of various diseases. PDT involves the administration of a photosensitiziﬁg compound
that concentrates around a portion of tissue. Thereafter the tissue that is concentrated with the |
photosensitizing compound is irradiated. The target tissue containing a sufficiently high
concentration of the photosensitizing compound selectively absorbs the light ‘which induces

impairment or destruction of the immediately surrounding cells.

[0003] One disease treated with PDT is wet age-related macular degeneration, Age-related
macular degeneration results in the loss of vision in the macula due to damage in the retina. The
wet (or excudative) form of age-related macular degeneration occurs when blood vessels spread
from the choroid behind the retina. This abnormal blood vessel growth can cause detachment of
the retina. The detachment of the retina can be avoided by preventing the spread of abnormal -
blood vessel growth. The spread is prevented by irradiating a photosensitizing compound in a
tissue that causes impairment or destruction of the surrounding cells through a cytotoxic effect.
A method of PDT is described in U.S. Patent No. 5,756,541, the entirety of which is incorporated

by reference.

[0004]  Typically, photosensitizing agents such as Visudyne® are used to treat the wet form

of age-related macular degeneration. Visudyne® is discussed in U.S. Patent Nos. 5,171,749,
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5,095,030, 5,707,608, 5,770,619, 5,798,349, and 6,074,666, the entireties of which are
incorporated by reference. Visudyne® is administered intravenously for approximately ten
minutes. After approximately fifteen minutes, the treatment site is activated with laser light
having a wavelength of approximately 689 nm at 150-600 mW/m>, As known to those skilled in
the art, verteporfin is the generic form or equivalent of Visudyne

{8005] There are several laser systems in the prior art to deliver laser light such as Lumenis’
Opal Photactivator laser console and modified Lumenis LaserLink adapter manufactured by
Lumenis, Inc., Zeiss’ VISULAS 690s laser and VISULINK® PDT adapter manufactured by Carl
Zeiss Meditec Inc., and Quantel’s Activis laser console and ZSL30 ACT™, ZSL120 ACT™,
Ceralas™ I laser system and Ceralink™ Slit Lamp Adaptor manufactured by Biolitec, Inc. and
HSBMBQ ACT™ glit lamp adapters distributed by Quantel Medical. These prior art laser
systems have bulky control panels and are expensive and increase the costs of PDT for wet age-

related macular degeneration.

[0006] Therefore, there is g need in the art for a PDT laser system to be used for treating wet
age-related macular degeneration, ceniral serous chorioretinopathy (CSC) or polypoidal
chorodial vasculopathy (FCV), (subfoveal ocoult or classical) coroidal neovasculization (CNVY,
and other similar diseases which is compact, portable, casier to use in g treatment facility, and

economical to manufacture,
Summary of the Invention

[0007]  The presently disclosed embodiments are directed to solving issues relating to one or
more of the problems presented in the prior art, as well as providing additional features that will
become readily apparent by reference to exemplary embodiments in the following detailed

description when taken in conjunction with the accompanying drawings.

[0008] According to one embodiment, a treatment beam and an aiming beam is generated
from a single laser head. The bearns are transmitted through a fiber optic cable which provides
mode-mixing for spot uniformity. The laser light is then expanded and collimated. The
collimated laser light is propagated through an aperture wheel that is configured to set a spot size.
The light from the aperture wheel Is propagated through a lens wherein {t is focused from the
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tens onto a partially reflective mirror. The partially reflective mirror is configured to reflect a
high percentage of the treatment beam and partially reflect a smaller percentage of the aiming

beam into 3 pstient’s sye,

[6009]  In a further ebodiment, light from the partially reflective mirror is propagated to the
treatment site wherein the light beam that irradiates the reatiuent site has a top hat profile of

fluence for each desived spot size,

[8618} In a further embodiment, the laser head is designed to run at a higher power output

but actually ron at a lower power output to generate less heat.

[6611]  In a further embodiment, 3 tfonometer post allows the optical system to be removably

attachable to a slit lamp microscope.

{00121  In a further embodiment; heat from the laser bead is dissipated in 2 heat sink. Ing
further embodiment, the heat sink is coupled to a fin arvay. The fin array may be coupled to the

heat sink with a heat pipe.

[0813] In one embodiment, the invention provides a laser system configured for
adrinistering therapy 10 a patient. The laser system includes: 4 laser source operable to emit a
first laser beam having g first operating wavelength and a second laser beam baving a second
operating wavelength; a fiber optic eable to guide and homogenize the first and second laser
beams; an expander to increase the diameter of the first and second laser beams; g eylinder to
guide the first and second laser bearns and Umit respective diameters of the first and second laser
beams, wherein the cylinder is positioned afier the expander on an optical path of the laser beam;
a first optical system to collimate the first and seoond laser beams, wherein the optical system is
positioned after the cylinder on the optical path of the fivet and second laser beams; a spot-size
selector comprising a plurality of apertures, wherein the spot-size selector is positioned after the
first optical system on the optical path of the frst and seconsd laser beams; a second opticsl
system o focus the first and second laser beams on a tissue of the patient, wherein the second
optical system is positioned afler the spot-size selector on the optical path of the first and second
laser beams; and an optical filter configured to partially reflect the first and second laser beams,

wherein the optical filter is positioned after the second optical system on the optical path of the
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iaser beams, wherein the optical filler reflects a first peroentage of the first laser beam and
seoond percentage of the second laser beam, and wherein the first percentage is greater than the

second percentage.

{8014} It another embodiment, a laser system configured for administering therapy to g
patient, inclodes: a laser source operable to emii a frst laser beam operating a first wavelength
and a second laser beam operating at a second wavelength, wherein the laser source operates at
1.5 watts or less; a passive cooling system, wherein the passive cooling system comprises 2 heat
pipe, a heat sink, and a fin array; a fiber optic cable coupled to the laser source and configured to
guide and homogenize the first and second laser beams; a first optical system coupled to the fitier
optic cable and configured to increase the diameter of and collimate the first and second laser
beams; a spot-size selector coupled to the first optical system and coniprising a plurality of
apertures; snd a second optical system coupled to the spot-size selector and configured to focus

the laser beam on an eye tissue of the patient.

6815]  In a further embodiment, a laser system configured for administering therapy to a
patient, includes: a laser source operable (0 emit a first laser beam having a first operating
wavelength and a second Jaser beam having a second operating wavelength; a fiber optic cable to
guide and homogenize the first and second laser beams, wherein the fiber optic cable bas a
diameter of about 350 to 450 microns and a length of about 200 to 300 millimeters; a first optical
system coupled to the fiber optic cable and configured to increase the diameter of and collimate
the first and second laser beams; a spot-size selector coupled to the first optical system and
comprising a pharality of apertures, wherein the spot-size selector Is positionsd after the first
optical system on the optical path of the first and second laser beams, and the fiber optic cable is
the only fiber optic cable between the laser source and the spot-size selector; and a second
optical system coupled to the spot-size seloctor and configured to focus the laser beam on an eye

tissue of the patient.

[0916]  In ancther embodiment, a method of activating a photoactive drug administered to a
patient intravenousty includes: activating the photoactive agent with a first laser beam generated
by a laser apparatus, the first laser bearn having a first wavelength; generating a second laser

beam operating at & second wavelength, whersin the combined power levels of both the first and



WO 2013/142693 PCT/US2013/033309

second laser beams are 1.5 watts or less; passively po_pijpg :the laser apparatus by coupling a heat
sink to a laser source of the laser apparatué; guiding‘ the first and second laser beams through a
fiber optic cable coupled o the laser source, wherein the fiber optic cable homogenizes the first
and second laser beams; collimating the first and second laser beams; adjusting a spot-size of the
first and second laser beams; and focusing the first and second laser beams on an eye tissue of
the patient, wherein at least the first Iaser beam activates the photoactive drug within the
patient’s sye tssue to provide therapy to the patient, In a further embodiment, the photo activate

agent comprises verteporfin.

{8017} In yet another embodiment, a laser system configured for activating a photoactive
drug administered to a patient intravenously includes: a laser source operable to cmit a first laser
beam operating a first wavelength and 8 second laser beam operating at a second wavelength,
wherein the laser source operates at 1.5 watts or less; a passive cooling svstem, wherein the
passive cooling system comprises a heat pipe, a heat sink, and a {in arvay; a fiber optic cable
coupled to the laser souree and configured to guide and homogenize the first and second laser
beamns; a first optical system coupled to the fiber optic cable and configured to increase the
diameter of and collimate the first and second laser beams; a spot-size selector coupled {o the
first optical system and comprising a plurality of apertures; and a second optical system coupled
o the spot-size selector and configured to focus the first and second laser beams on an eye tissue
of the patient, wherein at least the first laser beam activates the photoactive drug within the
patient’s eye tissue to provide therapy to the patient. In a frther embodiment, the photo activate

agent comprises verteparfin,

Erief Description of the Drawings

{68181  The present discloswre contains at least one drawing in color format. Coples of this
patent or patent application publication with color drawing(s) may be provided by the Office

upon reguest and payment of the necessary fee.

[0019]  Various exemplary embodiments of the invention are described in detail below with
reference to the following Figures. The drawings are provided for-purposes of illustration only
and merely depict exemplary embodiments of the invention. These drawings are provided to

facilitate the reader’s understanding of the invention and should not be considered limiting of the

7%
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breadth, scope, or apphicability of the inventidh. It shatld be noted that for clarity and ease of

Hustration these drawings are not necessarily drawn fo scale,

{10281  Figure 1 Hlustrates exemplary components of 2 compact PDT laser according to one

erabodiment of the invention.

{08211  Figure 2 Hustrates an sxemplary partially reflective mirvor according to one

embodiment of the invention,

{36221  Figure 3 illustrates an exemplary reflection profile for a partally reflective tirror

according to one embodiment of the Invention,

{08233 Figare 4 illustrates an exemplary fop hat outpwt profile for s PDT laser according o

one ernbodiment of the invention.

[0024]  Figure 5 illustrates the fully assembled internal components of an exemplary PDT

laser according to one embodiment of the invention.

{8025} Figure 6 illustrates a modular view of an exemplary fow-cost PDT laser according o

one embodiment of the invention.

[0026]  Figures 7(a)-(b) illustrate an exemplary PDT laser having a housing according to one

embodiment of the invention.

[0027]  Figure 8 illustrates an exemplary PDT laser having a portion of the housing made

transparent for illustrative purposes according to an embodiment of the invention.

[0028]  Figure 9 illustrates an exemplary beam splitting system to provide coincident

treatment and aiming lasers according to an embodiment of the invention.

[0029]  Figare 10 illustrates an exemplary split fiber system to provide coincident treatment

and aiming lasers according to an embodiment of the invention.

[0030]  Figure 11 illustrates an exemplary laser bar system to provide coincident treatment

and aiming laser beams according to an embodiment of the invention.
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[0031]  Figure 12 illustrates an exeriplary user intérface that enables an operator to setup a

laser and perform therapy therewith.

[0032] Figures 13 and 14 illustrate some exemplary combinations of aperture size, spot size,

and system magnification, in accordance with one embodiment of the invention.

B833]  Figure 15 iHlusirates an exemplary process flow carried out by software or olher
circuitey to execute steps for performing a lsser-based therapy treatment, such as the trestments

described herein.

[0034] Figures 16(a) and 16(b) illustrate an exemplary PDT laser according to an
embodiment of the invention, mounted on a slit lamp, with a mannequin’s head at the position of

the patient’s head.
Detailed Description of Exemplary Embodiments

[0035]  The following description is presented to enable a person of ordinary skill in the art to
make and use the invention. Descriptions of specific devices, techniques, and applications are
provided only as examples. Various modifications to the examples described herein will be
readily apparent to those of ordinary skill in the art, and the general principles defined herein
may be applied to other examples and applications without departing from the spirit and scope of
the invention. Thus, the present invention is not intended to be limited to the examples described

herein and shown, but is to be accorded the scope consistent with the claims.

[0036] The word “exemplary” is used herein to mean “serving as an example or illustration.”
Any aspect or design described herein as “exemplary” is not necessarily to be construed as

preferred or advantageous over other aspects or designs.

[0037]  Reference will now be made in detail to aspects of the subject technology, examples
of which are illustrated in the accompanying drawings and tables, wherein like reference

numerals refer to like elements throughout.

[0038] It should be understood that the specific order or hierarchy of steps in the processes .
disclosed herein is an example of exemplary approaches. Based upon design preferences, it is

understood that the specific order or hierarchy of steps in the processes may be rearranged while
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remaining within the scope of the present invention. The accompanying method claims present
elements of the various steps in a sample order, and are not meant to be limited to the specific

order or hierarchy presented.

§0039] Figure 1 illustraics an exploded view of an exemplary PDT lager system 108 wherein
sach individual component is shown disconnected from the other individual components. Laser
tight is generated from the laser head 182, The laser head may be obtained commercially {e.g.,
aLIGHT Pearl™ or may be constructed of any number of laser generstion components {8.g.,
pump diodes, gas lasers). It iz understood that any laser design capable of providing m;e OF more

coincident beams may be utilized.

{6048} The laser head 102 generates a weatment and an aiming beam. According to an
exemoplary embodiment, the reatment beam has & spot size that is variable from 350 pio to 5000
wm. According to an exemplary embodiment, the laser head 182 can generate fluence rates of
150 mW/em?, 300 mW/em®, 450 m Yom®, and 600 mW/en”. In further embodiments, contact
lens magnification is accounted for when calculating the required fluence rate. In some
embodiments, 90% of the treatment beain cuipwt power is in the spectral range of 689 nn 23 nm
in order fo effectively activate g photosynthesizing agent (e.g., Visudyne®). The alming beam
may have a speotral output in the range of 635 nm 210 nm. It should be understood that the
invention is not Hmited to the spot sizes, uence rates and t;eament heam ranges disclosed, and

the parameters listed above are for exemplary purposes only.

{66411  According to an exemplary embodiment, the circularity (the normalized ratio of the
minor to the major axis of an ellipse fitted to the beam ouiput) is greater than §.87¢ for all spot
sizes. According to a further exemplary embodiment, the beam shall have uniform power

distribution throughout.

{30421  According to one embodiment, the uniformily sigma Is no greater than 20%6 when

defined as the standard deviation of the intensity of the beam fmage calculated by:

(P ]

PR

M U
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where P is the pixel value, M is the meéan pixel valtie and N is the total number of pixels inside
the analysis area. According to one embodiment, the beam profile does not deviate from the

equation above during treatment,

18643} According to an exemplary embodiment, the laser head 182 provides a light dose of
12.5 Jem®, 28 Fom?, 37.5 Yo, or 50 Jom?, The gxposure duration can be automatically
controlled to deliver a requested Hght dose at a requested fluence, When the reguested dose of

light has been delivered, the laser head 162 will sutomatically shut off,

[0044]  According to an exemplary embodiment, the diameter and position of the aiming
beam is coincident with the treatment beam so that a health care professional can adequately
apply the treatment beam to the treatment spot. The output power of the aiming beam is 1 mW
or less. According to a further embodiment, the visibility of the aiming beam is adjustable (e.g.,
from barely visible to maximum visibility). In an exemplary embodiment, the wavelength of the

aiming beam is in the range of 625-645nm.

[0045]  Unlike prior conventional laser systems, the current invention combines a treatment
beam and aiming beam in a single laser head 102, whereby these embodiments of the present
invention advantageously allow the laser head 102 to be mounted on a typical optical system
rather than as a stand-alone console as provided by conventional laser systems. A further benefit
to combining the treatment and aiming beam is a more compact PDT laser system 100, which ‘
can be more compact, economical to manufacture, as well as more portable and useable in a

treatment facility.

[3646] According to an exemplary embodiment, the laser head 102 may be current controlled.
A current controlled laser head 102 may be manufactured inexpensively and by controlling the
maximum current to the laser, safety is improved. In one embodiment, the laser head 102 may

be engineered to operate at a higher power (e.g., 5 W) wherein it is actually run at a lower power

(e.g., 1 Wor 1.5 W) to reduce heat output and extend useful life.

[0047] It is understood that any method of current control may be utilized. For example,
current may be controlled by an external foot pedal, a knob, a computer, or any other device

known in the art. It is understood that a current control device may be located on the laser head

3
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182. Further, it is understood that the laser head 142 may be voltage controlied {e.g., voltage

corresponding to beam intensity} or controlled by dighial communication signals.

{0648]  According to an exemplary embodiment, the laser head 182 can be made {o run below
specification at 1 to 1.SW to generate less heat. In one embodiment, the laser head 162 is
configured to run st a power level of approximately 325 mW to 750mW to finther reduce heat
generation. The lower heat generated allows the laser head 182 o be passively cocled.
According to an exemplary embodiment, a heat sink 108 is coupled to the laser head 182, The
heat sink 188 is coupled to a heat pipe 106 that transfers heat to a fin array 184, The fin array
104 dissipates the heat into the air. The beat sink 188, heat pipe 186, and fin array 184 may be
made of any material known in the art to disperse the heat.

{0049  According to one embodiment, the cooling system may utilize working fluid as
known in the field of heat transfer in order cool the laser head 182, For example, the heat sink
168, the heat pipe 186, and/or the fin aﬁ*&y 184 may be filled with & sroall quantity of working
fluid {¢.g., water, acetone, nitrogen, methanol, ammonia, or sodium, ete.). Heat is absorbed by
vaporizing the working fluld. The vapor transports beat to the condenser region where the
condensed vapor releases heat to a cooling medivm, The condensed working fluid s retumed to
the evaporator by gravity, or by a wick siructure on the heat pipe 188 or fin array 184, creating

capillary action.

0856} The passive cooling system contributes to reducing the cost of the exemplary FDT
iaser in a number of ways. First, the passive cooling system isless expensive than active cooling
systema of the prior art. The passive cooling system cost less to manufacture, 10 maintain, and to
operate when compared to active cooling systems. Second, the passive cooling system is more
compact than active systems, allowing the cooling system 1o be installed in a housing with the
laser, and the housing positioned on known slit larop microscopes. According fo an exemplary
embodiment, the heat sink 188 can assist the Iaser head 182 to keeping the therapeutic

wavelength within £1om and the therapeutic energy within 3% of the desived treatment fluence.

{86311  According to one embodiment, the laser head 182 has g heat dissipation area of
approximately 11.4 cm by 2.86 om. Therefore, by having ten times or more surfacs area for

heat dissipation could allow the laser head 182 {o operate within therapeutic parameters.

10
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According to one embodiment, a metal sheet housihg shay be wtilized to dissipsate heat of the

faser head 1832,

[8052] According to one embodiment, the heat sink 188, the heat pipe 186, and the fin array
104 provide approximately a 25 times factor increass in surface area for heat digsipation,
According to one embodiment, the heat pipe 186 may be utilized to deliver heat to the fin array
184 that can be placed at any convendent location within the instrument enclosure, According to
an embodiment, the 32.6 om® heat dissipation surface of the laser head 182 is atiached to g heat
sink 188 in combination with a heat pipe 186 and a fin array 164 wherein the heat distribution
structure has 8 8§10 om® beat dissipation surface. According fo one embodiment, the laser head
182 may be optimally placed near the optical components and the heat may be transferred (0 8

convenient location on or ouiside of the PDT lager system.

{08531 According to an exemplary embodiment, the two laser beams from the laser head 162
are propagated through a fiber optic cable 118, The fiber optic cable 118 has a curve in the Z-
axis. This Z-axis curve works as a mode-scramblor. Mode scrambling distributes the optical
power in a fiber among all the guided modes. One known scrambling technique is to splice a
length of graded-index fiber betwesn two pieces of step-index, but such techniques are expensive
and add the coroplication of fiber alignment. In one embodiment of the preserst invention,
curving the fiber in the Z-axis reduces cost and eliminates the complcations of fiber alignment.
Further, short fiber optic cable (250mm, for example) causes rapid coupling between all fibex
modes and attenuation of high ovder modes. The fiber optic cable 116 Qutpﬁts a umiform outpat

intensity profile and circularity independent of the intensity profile of the laser head 182,

j8884]  According to an exemplary embodiment, the fiber optic cable 118 is about 250 mm in
length and has a diameter of about 400 niorons, Given the smaller size of the fiber optic cable
118, it may be positioned on the optical system. Typically, prior art systems had long fiber optic
cables connecting a laser head to the slit lamp optical gystem. Prior art systems suffer from
degradation of the fiber optic cable and breakage. Thus, the shorter fiber optic cable 118 of

embodiments of the present invention is more robust and more cost efficient.

[6055]  The uniform Hght from the fiber optic cable 110 is propagated to a laser beam
expander 112 that expands the output light. In one embodiment, the fiber optic cabls 118 may

1§
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connect io a fiber lens (not shown) baving 4.5 mm focil léngth (FL). The expanded light is
cutputied from the laser beam expander 112 into the light diverger 114 that diverges the light.
According to one embodiment, the beam expander 112 may have a lens having a 48 mm FL. In
one embodiment, the beam expander 112 comprises a biconcave lens having negative power, A
diverging beam propagates the length of the beam expander 112 tube , which provides additional

beam divergence to the beam.

[8856] The diverged light propagates from the diverger 114 to the collimator 116, The light
that is cutputted from the collimator 116 is more parallel, relative to the ippuited Hight, ina

specific direction and its spatial cross section is smaller. Further, the light exiting the collimator
has a substantially uniform fluence. The Hght is collimated so it may pass theough a mechanical

devies and still provide wiform fluence on the target site.

{8087} The fiber optic cable 114, the expander 112, the diverger 114, 4nd the collimator 116
are provided as exemplary embodiments. It is understood that aliernative mechanisms in the art

or additional components may be utilized to deliver light of & uniform fluence.

{6888}  The Hght from the collimator 116 is propagated to the aperture wheel 118, The
aperture wheel 118 comprises & series of aperiures to set different spot sizes for the treatment
bearn. The spot sizes may be physically set by a person manually rotating the aperture wheel o
the desived spot size. Tn other embodiments, a motorized systera may rotaie the wheel sfter a
desired spot size is selected by a user or a computer system. It is envisioned that a plarality of
different spot size values may be utilized on the aperture whee! 1318, Because the lght has been
collimated by the collimator 116, the light entering and leaving an aperture in the aperture wheel
118 has a small spatial cross section. According to one embodiment, the aperture wheel 118 is
configured to provide beam dlameters of 1.22 mm to 5.5 mm, in twelve approximately equal
steps. In some embodiments, these beam dameters translate to spot sizes of 1.0 mm to 6.4 mm,
when appropriate contact lenses ave used. According to one embodiment, one spot of 300
microns is delivered by the aperture wheel 118 for the treatment of polypoidal choroidal
vasculopathy and a range of spots from 1000 to 6400 microns with an average step increment of

approximately 400 microns is delivered for PDT. According to one embodiment, the PDT laser -
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provides laser spot sizes smaller than 1mm for CSC, PCV, CNV, age-related macular

degeneration (AMD) or similar indications.

{##3%]  Rather than using one or more lenses to set a spot size, in one embodiment of the
invention a single aperture wheel 118 is utilized. This provides costs savings as a metal wheel
can be manufactured cheaper than a lens or a zoom system. In addition, aperture wheel 118 is
more durable than a lens system and less likely to degrade or become misaligned over time.
Further, the aperture wheel 118 is easily interchangeable or replaceable with other aperture
wheels. For example, a new series of spot sizes may be utilized by cheaply replacing the
aperture wheel 118 having a set of spot size values to another aperture wheel having a different

set of spot size values.

[0060]  According to exemplary embodiments of the invention, the aperture wheel 118 can be

configured to provide spot sizes of 500-6000 microns.

[0061]  Light passes through the aperture wheel 118 to a lens assembly 120. In one
embodiment, the lens assembly 120 focuses the image of the aperture wheel 118 to have a 1:1
input/output ratio and projects light to a partially reflective mirror 122. According to one
embodiment, the lens assembly 120 comprises two lenses (120a and 120b). The first lens 120a
may have a 56mm focal length (FL) and the second lens 120b may have a 48mm FL. According

to another embodiment, both lenses of the lens assembly 120 may have a 50 mm FL.

[0062] Figure 2 illustrates an aiming beam 124 propagated onto an exemplary partially
reflective mirror 122 from the lens asse;nbly 120 (Figure 1). Approximately 50% of the aiming
beam 124 is reflected by the partially reflective mirror 122 to the patient’s eye 126.
Approximately 50% of the aiming beam passes through and is not reflected by the partially

reflective mirror 122.

[0063]  The partially reflected light beam 128 illuminates a target site 130 of the patient’s eye
126. A portion of the reflected beam 128 is reflected off the target site 130. Approximately 50%
of the light that is reflected off of the target site 130 is again reflected by the partially reflected
mirror 122. The other 50% of light reflected off of the target site 130 is transmitted through the

partially reflective mirror 122 to the optics of the slit lamp and ultimately to the clinician’s eyes.
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This enables the clinician to see the target site 138 of the patient’s eye 126. In some ‘
embodiments, the total Hight emission siriking the physician’s eye does not exceed safe Hmils as
defined by the dmerican National Siandard for Safe Use of Lasers (ANSI 2138), the disclosure
of which is hersin incorporated by reference in lts entivety., ANSI 2136 provides safe laser

exposure Himits for general use. Ifthe laser exposure is below the limits defined by the standard

there should be no thermal damage to the retinal tissues due to laser exposure alone,

[8864]  The partially reflective mirror 132 can act stmilarly to reflect the treatment beam, For
sxample, the partially reflective mirror 122 can be configured to reflect 9096 of the treatment
beam. The reflécted treatment beam would propagate oute the eyve 126 and only 2 small portion
of that beam would be reflected bagk 1o the partially reflected mirror 33, 10% of the lght from
the tissue reflocted lght would be propagated to the clinician’s eves. The small percentage of
the treatment beam ultimately propagated to the clinician’s eyes would not be harmful. In some
smbodiments, the total light emission striking the physician’s eye does not exceed safe limits as

defined by ANSI 2136, the disclosure of which is herein incorporated by reference in i entively.

[0068]  Figure 3 illusirates an exemplary reflective profile for the partially reflective mirror
122, Aceording to an exemplary embodiment, a treatment beam has a wavelength of 689 i and
an aireing beam has 2 wavelength of 635 nm, Here, the partially reflective mirror 122 would
reflect 0% of the trestment beam and 50% of the aiming beam, These figures are exemplary. It
is undersiood that a partially reflective mirror 132 may have any aliernative desired reflective

profiles,

[6066]  The treatment and alming light ultimstely propagsted from the partially reflective
mirror 122 1o the eye 126 has a top hat beam. A top hat beam is undersicod inthe avtand is 8
lager beam that has a near uniform fluence within a circular disk, Figure 4 iustrates sn
exemplary top hat profile for 2 spot size of 4600 microns for the X and the Y plane that is
propagated onto the eye 126, In some embodiments, the PDT laser has a maximum total power
of 200 mW for the largest spot size of the laser. However, it is understood that any spot size may
be selected to be propagated at any desired power density depending on the desired application.

It is further understood that the top hat profile may be optindzed for more uniform distribution.
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8067} eturning to the exernplary ethbodiment of Figure 1, the tonometer post 134 may be
used to attach the PDT laser system 100 1o 5 conventional shit lamp microscope. According to
one embodiment, the tonometer post 134 is designed to couple to a Haag-Strait or equivalent skt
lamp microscope, It is understood that the tonometer post 134 is exemplary and that an
equivalent gttachment mechardsm may be provided to attach the PDT Laser system 108 to a slit

lamp microscope or other similar ophthalmic device,

{9068]  According to an exemplary embodiment, the PDT laser system 188 is mounted on a
stit lamp microscope so that the treatment spot is aligned and focused coincident with the slit

illumination of a slit lamp,

[8069] It is undersiood that Figure 1 s provided as an exemplary embodiment and that other
components may be added. For example, it is understood that the PDT laser system 180 may be
constructed as a stand-alone PDT device with proper casings, removably attachable to a slit lamp

microscope, or permanently attached to a slit lamp nderoscope.

[6878]  Figure § ilhustrates the fully assembled fnternal components of FDT laser 206 having
a laser head 262, a heat sink 264, a heat pipe 206, a fin array 208, a fiber optic cable 218, an
expander 212, a diverger 214, a collirmator (not shown), an aperture whesl 218, a lens assembly
228, a partially refloctive mirror 222, and a tonometer post 234, In some embodiments, PDT

laser 208 comprises the clements of PDT laser 100 discussed above with respect 1o Figure 1.

{0871}  Figure & illusteates a modular block diagram of exemplary PDT laser in accordance
with an embodiment of the invention. PDT laser housing 336 houses a3 laser head 302, The laser
head 382 generates coherent light having a narrow bandwidth of +/- 3mm, a central wavelength
of 689 nym, and Haht that supports 8 fluence rate of 0 to 600 mW/em” light plus a collinear
aiming beam. The light from the laser head 382 is provided to the mode scrambler 338, The
mode scrambler 338 may be s fiber optic cable or any mode scrambler known in the art,
According to one embodiment, the optical modes that ocour when a laser beam is transmitied by
a multi-mode fiber optic are scrambled in the mode serambler 338 to generate a circular beamn
with a fop hat intensity profile. According to one embodiment, the laser head 302 may be a laser
diode that combines the laser treatiment beam and the alming beam so that their laser outputs are

optically collinear with regard {o the mode scrambler 338,

i
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[6072]  The light output 348 from the mode scrambler 338 bas a top hat intensity profile that
propagates to the beam expander/ielescope/collimator 342, According to one embodiment, the
top hat intensity profile is desirable because it provides a very uniform optical fluence rate
{mW/em®) across the laser beam cross-sectional area to provide uniform activation of a

photosensitizer across the area of tissue being treated.

{08731 According to one embodiment, the laser beam from the mode scrambler 338 &s
expanded from 400 microns to 12 mum in dlameier. The collimaded lght from the
expander/islescope/collimator 342 pass collimated light having a 12 mm diameter to the spot

size selector 344,

{80741  According to one embodiment, the spot size sclector 344 may be machined with a
plurality of spot size holes, The spot size selector 344 may be manually rotated so that one spot
size is selected at a time. When the spot size is selected, the hole intersects with the expanded
laser beam and the laser light is transmitted through the hole onto projection op’iics‘i 346,
Ascording to one embodiment, spot sizes in the range of 1.0 mm to 6.4 mm may be produced on
the retina to treat lesion diameters from 0 to 5.4 mm. It is understood that & varying range of

spot sizes may be used as known in the art,

{6078] The light passes through the spot size selector 344 to the projection optics 346
wherein the projection optics provide a magnification factor (M) of .78, Tt is undersiood that e
varying range of M may be used as known in the art, The light is projected from the projection

optics 346 to the eye 348 to excite 3 photosensitizing agent.

6876} Figure 7{a) illustrates an exemplary PDT laser system 488 having a bousing 436 and
a tonometer post 434, The housing 436 has a display 458 that can display various treatment and
{aser parameters, According to one embodiment, the display 480 shows the therapeutic count

down time: 83 seconds to 0. Figure 7(b} illustrates a profile view of an exemplary embodiment

of the PDT laser system 480,

{8877  Figure § illustrates g side view of an exemplary PUT laser systern 588, with the
housing made transparent for illustrative purposes. A tonometer post 834 is provided on the

outside of the housing 536, Inside the housing 836, a laser head 502 gonerates a treatment and

£
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an aiming beam that is propagated through a fiber optic cable 510. The fiber optic cable 510
scrambles the modes. A beam expander/telescope/collimator 542 expands and collimates the
light. An aperture wheel 518 selects an aperture size from the light from the
expander/telescope/collimator 542. The light from the aperture wheel 518 is propagated through
a lens assembly (not shown) onto the partially reflected mirror to an eye (not shown). Heat is
dissipated from the laser head 502 through the heat sink 504, heat pipe 506, and the fin array S08

{86781 Figures 9, 18, and 11 illustrate exemplary optical configurations to provide 2
coincident aiming and Iaser beam, Figure ¥ illustrates a beam sphitter 652 that combines a 689
run therapy laser 654 and an aiming laser 656 {0 o tissue target 658, Figure 18 illustrates a 689
nm therapy laser 754 and an aiming laser 756 that are combined in a split fiber 768. The spiit
fiber 768 delivers the two beams to an optical system 762 having four lenses that propagates the
Hght to the tissue target 788, Figure 11 illustrates a laser head 862 thai generates g 68% nm
therapy laser 854 and an aiming laser 856 that is propsgated through a fiber oplic cable to a
tissue target 838, It is understood that the therapy or alming laser beams (654, 734, and 854}

described herein may be of any desived wavelength as known in the art.

[0079] It is understood that the optical system 762 may be configured as described in
previous embodiments or in any other method known in the art. It is further understood that the
optical system 762 may have any number of lenses. It is understood that the systems and
methods described herein to provide coincident aiming and treatment beams are merely
exemplary and that any method known in the art may be utilized to provide coincident treatment

and aiming beams.

[0080] Figure 12 illustrates an exemplary user interface 900 that enables an operator—such
as a physician, an ophthalmologist, a clinician, etc.—to setup a laser and perform therapy
therewith, such as the lasers described herein, User interface 900 includes a display 902, a
contact lens selector 904, a fluence rate selector 906, an aiming beam intensity selector 908, an

emergency stop 918, & laser state selector 912, a spot size selector 914, and a key switch 916.

[0081]  In some embodiments, display 901 is 8 two digit display that displays a treatment

countdown, provides feedback when the fluence rate is changed and digplays exror codes when
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required. The display may provide a countdown from 83 seconds when the laser is fired and, in

some embodiments, the countdown cannot be altered except by restarting the laser system.

[0082]  Contact lens selector 904 may provide for toggling between available contact lens
magnifications. For example, contact lens selector 904 may toggle between a 1.06X contact lens
magnification (corresponding to a Volk Area Centralis contact lens or equivalent) and a 1.47X
contact lens magnification (corresponding to a Mainster Wide Field contact lens or equivalent).
Figures 13 and 14 illustrate some exemplary combinations of aperture size, spot size, and system
magnification, in accordance with one embodiment of the invention. It will be understood by
one of ordinary skill in the art that other combinations of spot sizes, system magnification, and

apertures sizes could be equivaleritly used without deviating from the scope of the invention.

[0083]  According to one embodiment, fluence rate selector 906 allows the physician to select
the desired fluence rate. When pressed while the laser is in setup mode, this button cycles the
system through fluen:ce rates of 600, 450, 300 or 150 mW/em?. When the fluence rate is changed,
the display will read 60, 45, 30 or 15, signifying 600, 450, 300 or 150 mW/cm?, When a
600mW/cm? is selected as the fluence rate, a green LED shows beside the fluence rate selector.
When a fluence rate other than 600mW/cm? is selected as the fluence rate, a red LED shows
beside the fluence rate selector. It is to be understood that the settings of the fluence rate selector
906 and corresponding display of LEDs may be varied without deviating from the scope of the

invention.

[0084] In some embodiments, aiming beam intensity selector 908 allows for continuous

adjustment of the aiming beam from a minimum of 0mW to a maximum of <ImW output.

[0085]  According to one embodiment, emergency stop 910 is a latching switch that will
immediately disable power to the entire unit. A restart of the system will occur when the switch

is “unlatched” and it will return to default settings.

[0086] Laser state selector 912 may be adjusted to one of a ready state or a stand-by state. In
both states the aiming beam is on. However, only in the ready state can the treatment beam be
activated. When the laser is in “ready” mode a green LED shows beside the laser state selector.

When the laser is in “standby” mode a red LED shows beside the laser state selector.
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[0087]  According to one embodiment, spot size selector 914 is rotated to select the laser

beam spot size.

{0088]  Key switch 916 may be a main power switch., When this key switch is tuned o the
“on” position, the laser powers up and the aiming beam is enabled. Whenever the key is tumed
on, the system defaulis to standard parameters of 600mW/iem®, 83 second weatment timing, and
1.06¥ contact lens magnification. If required, the key can be removed from the switch when the

gystem is in the “off” mode providing g simple way to control access to the laser system.

[668%]  Although not illustrated in Figure 12, the laser system may include other components,
such as a foot switch and other controls and indicators. A foot switch may activate the treatment .
beam when the laser is in “ready” mode. If the foot switch is released, the treatment beam is
deactivated. If the treatment beam is interrupted during use by releasing the foot switch, the 83
second countdown will stop. If the foot switch is activated again without first shutting down the
laser system, the countdown will resume from where it left off. Other controls may include a
remote interlock connector that prevents operation of the treatment beam when the terminals of
the connector are not electrically joined and an audible signal to indicate that the treatment beam

is being fired.

[0090]  Figure 15 illustrates an exemplary process flow 1000 carried out by software or other
circuitry to execute steps for performing a laser-based therapy treatment, such as the treatments
described herein. Process flow 1000 includes a therapy mode process 1002, a laser energized
process 1004, a standby mode process 1006, a set default parameters process 1008, an aiming
laser process 1010, and a setup mode process 1012. Each process in process flow 1000 includes
arrows indicating an event or condition required to exit the process, an unconditional exit from a

process, variables, and launches of parallel processes.

[0091]  The following exemplary method of system setup may be performed in conjunction
with process flow 1000 above: (1) attach the laser unit to the slit lamp (SL) and align the SL
observation system and illumination system, (2) turn laser unit power on using key switch, (3)
allow the laser unit to self-test for appfoximately 15 seconds, (4) place the focusing post in the
SL and bring it into focus while looking through the SL binoculars and having a narrow slit

g
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beam ilhimination, and (3) adjust the laser wnit’s lever dnd focusing knob, to ensure that the laser

is aligned aund focused at the same location as the slit bean.

08921  The following exemplary method of system standby may be performed in conjunction
with process flow 1606 above: (1} power-up faser and Inssr defanlis to a standard ireatment using
600mW/em® 83 second timing and a 1.06X contact lens, (2) if a standard treatroent is desired,
follow standard treatment method (see below), (3} if a novn~standard treatment is desired: (3a)
depress and hold the bottom button (see Figure 12) until the groen led flashes, the display will
indicate *00” and (3b) using the upper button (see Figure 12), aliemate fluence rates may be
selected {etther 600, 450, 300 or 150 mchmzmpressmg the bution will cycle the fluence rates
theough the available options and the display will indicate 60, 435, 30 or 15 signifving 600, 434,
300 or 150 mWiem®)

[0893]  The following exemplary method of standard treatment method may be performed in
conjunction with process flow 1888 above: (1) place the laser in ready mode by pressing the
upper button (see Figare 12), (2) adjust the intensity of the alming beam as desired, (3) adjust
the spot size (f spot sizes Jarger than 4.5 mm are required, change the contact lens magnification
factor to 1.47X), (4) activate the laser {for example, using a foot pedal), (5) keep foot pedal
pressed {counter will run from 83 seconds and at @ an audible beep will sound, at which time

both the aiming and treatment beams will be shutdown}.

180941  In some embodiments, additional safety measures may be added. Insome
embodiments, a laiching emergency stop switch can immediately disable powsr to the entire unit,
In one embodiment, the control unit monitors the therapeutic laser during activation, ensuring
that the wavelength and power levels remain within the set parameters during treatroent, In other
embodiments, a watchdog feature ensures that, in case of faiture of the control unit, the system
will be shut down, According to one embodiment, maximur output of the laser is set in the
cirouit design, preventing excessive laser cutput in the case of simultaneous control unit and
watchdog fathure. In some embodiments, a door interlock is provided that prevents use of the

treatment beam if the operating room door is opened.

{6695} In some embodiments, a bar code scanner is added to a laser system to allow

clindeians o quickly setup the system to correspond o the trestment parameters of one or more
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photoactivating drugs. For example, a vial of 3 photoactive drug (such as Visudyne®, for
example) may be cquipped with a bar code identifving the drug within the visl, Inone
embodiment, the bar coding system incorporaies a radio frequency identification system
{(“RFID) that gathers information from a RFID tag on the visl, In some embodiments, the laser
system may be preprogrammed with the identified photoactive drug’s treatment parameters. In
those embodiments, stimply identifying the drug may be sufficient. In other smbodiments, the
bar cade or RFID tag may include other information such as the exact ireatment parameters,
expiration date of the drug, ofe. Once the trestment parameters of the identified drug are
determined, the laser system may automatically alter the beam wavelength, fluence rate, power,
duration of treatment, etc. accordingly. In some embodiments, the laser system may require
additional physical changes to correspond to a particular photosensitive drug, such as replacing
the partially reflective mirror, In some embodiments, the bar coding system and associated
cireuitry are stored in the laser housing. In some embodiments, the bar coding system may be
housed separately. Some further embodiments may include an approval system on the laser
system that requests uger confinmation before adjusting the laser system treatment parameters. In
some embodiments, the laser system is configured to read treatment parameters of all PDT
compounds. In some further embodiments, the bar coding system is configured to read treatment
parameters from one or more of a vial, a box, a reference book, and a electronic display. Such
electronie displays can be a smart phone or a compuier or any other electronic display and the
information may be gathered from an email, a PDT compound manufacturer’s website, or a

database, for example,

[0096] Figures 16{a) and 16{h) illustraie an sxemplary PDT laser 1382 according o an
embodiment of the invention, mounted on a slit lamp 1184, with a manneguin’s head 1106 af the
position of the patient’s head, PDT laser 1302 may comprise any of the PDT laser’s deseribed
herein. The shit lamp 1164 may comprise any slit lamp which has structure to receive exemplary

PDT laser 1102,

0887} The following is a description of an excmplary working example utilizing one or
more embodiments of the disclosed Invention. Patient I is treated with a regimeen in which they
are administered 6 mg/M? (of body surface area) of verteporfin in a commercially available

liposoraal intravenous composition obtainable from QLT PhotoTherapeutics, Vancouver, BC,
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assignee of the present application, Admisistration is intravenous. Thirty minutes after the start
of infusion, the patient is administered a laser light having a wavelength of about 689 nm at 150-
600 mW/m>. Patient II is administered 6 mg/X4* of verteporfin in the liposomal formulation,
intravenously as with Patient I, but the laser light begins 20 minutes after the start of infusion.
Patient III is subject to a regime identical to Patient I except 12 mg/M? of verteporfin is
administered. '

{6698] Although individual components have been deseribed herein, it is understood that any

component known in the art may be used to accomplish the same or similar function,

[0099] It is understood that an ocular lens such as Mainster, Volk Area Centralis, or any
other indirect image lens known in the art may be utilized to aid in PDT or other treatments.
These ocular lenses are required to focus the laser on the back of the retina. Without the ocular
lenses the fundus cannot be visualized and the laser beam cannot be focused to the expected area
on the patient’s retina. It is further understood that any indirect (real) image contact lens may be

utilized for PDT.

[0100] It is understood that many unlabeled portions of the figures may represent common
mechanical connectors or pieces and are representative of any mechanical connector or piece

known in the art.

[0101] It is understood that the invention is not limited to PDT and may be configured to be
utilized in other photocoagulation or non-thermal procedures (e.g., transpupillary thermotherapy).
It is further understood that the invention may be utilized for the treatment of central serous
chorioretinopathy (CSC) or polypoidal chorodial vasculopathy (PCV), subfoveal occult or
classical) coroidal neovasculization (CNV), age-related macular degeneration (AMD). It also
understood that principles of embodiments of the invention could be expanded to include thermal

treatments.

[0102] While various embodiments of the present invention have been described above, it
should be understood that they have been presented by way of example only, and not of
limitation. Likewise, the various diagrams may depict an example architectural or other

configuration for the invention, which is done to aid in understanding the features and
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functionality that can be included in the invention. The invention is not restricied to the
ilustrated example architectures or configurations, but can be implemented using a varisty of
alternative architectures and configurations, Additionally, although the invention is described
above in tevms of various exemplary embodiments and implementations, it should be understood
that the various features and finctionality described in one or more of the individual
cubodiments are not lmited in their applicability o the particuler embodiment with which they
are descnibed, but instead can be applied, slone or in some combination, to ong or more of the
other embodiments of the invention, whether or not such embodiments are described and
whether or not such features are presented as being a part of a described embodiment. Thus the
breadth and scope of the present Invention should not be limited by any of the shove-described

exemplary embodiments.

N
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{laimg

What is claimed is:

1. A laser system configured for administering therapy to a patient comprising:

8 laser source operable 1o emit a first laser beam having a first operating wavelength and
a second iaser beam having a sccond operating wavelength;

a fiber optic cable o guide and homogenize the first and second laser beams;

an expander to increase the diameter of the fivst and second laser beams;

a cylinder to guide the first and second laser beams and limit respective diameters of the
first and second laser beams, wherein the cylinder is positioned after the expander on an optical
path of the laser beam;

a first optical system to collimate the first and second laser beams, wherein the optical
system is positioned after the evlinder on the optical path of the first and second laser beams;

a spot-size selector comprising a plurality of apertures, wherein the spot-size selector is
positioned after the first optical systers on the optical path of the first and second laser beans;

a second optical system to focus the first and second laser beams on a tissue of the
patient, wherein the second optical svstent is positioned after the spot-size selector on the optical
path of the first and second Iaser beams; and

an optical filter configured to partially reflect the first and second laser beams, wherein
the optical filter is positioned after the second optical system on the optical path of the laser
beams, wherein the optical filter reflects a first percentage of the first laser beam and a second
percentage of the second laser beam, and wherein the first percentage is greater than the second

percentage.

2. The laser system of claim 1, wherein the spot-size selector comprises an adjustable

aperture wheel,

3. The laser system of claim 2, wherein the laser system is contained within a single

a¥s

housing.
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4. The laser system of claim 3, wherein the housing comprises an aperture for receiving

a tonometer post of a slit-lamp microseope.

5. The laser system of claim 1, wherein the fiber optic cable is the only fiber optic cable

between the laser sowrce and the spot-size selector.

6. The laser system of claim §, wherein the fiber optic cable has a diameter of about 400

microns and a length of about 250 millimeters.
7. The laser system of claim 1, wherein the lager source operates at less than 1.5 waits,
§. The laser system of claim 1, wherein the laser source operates at less than 1.0 watt,

¢, The laser system of claim 7, further comprising a cooling system attached io the laser

SOUICS,

10. The laser wystom of claim 8, wherein the cooling system comprises a heat pipe, 8 heat

sink, and a fin array.

1. The laser system of claim 1, wherein the laser beam exiting the cylinder has a

constant fluence rate.

12, Alaser system configured for administering therapy to a patient comprising:

a laser source operable to omit a first laser beam operating a frst wavelength and a
second laser beam operating at a second wavelength, wherein the laser source operates at 1.5
watls or less;

a passive cooling system, wherein the passive cooling systeny comprises a heat pipe, 8
beat sink, and a fin array;

a fiber optic cable coupled to the laser spurce and configured to guide and homogenize

the first and second laser beams;
a first optical system coupled to the fiber optic cable and configured to increase the

diameter of and collimate the first and second laser beams;

[an]
i
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a spot-size selector coupled to the first optical system and comprising a phurality of
spertures; and
a second optical system coupled to the spot-size selector and configured to focus the first

and second laser beams on an eye tissue of the patient,

13. The laser systemn of claim 12, further comprising an optical filter configured to
partially reflect the fivst and second laser beams, wherein the optical filter reflects a first
percentage of the first laser beam and a second percentage of the second laser beam, the first

percentage being greater than the second percentage,

14. The laser system of claim 13, wherein the lager sysiem is contained within a single

housing.

15. The laser system of claim 14, wherein the housing is configured to be attached to a

slit-lamp microscope.

16, A laser sysiers configured for administering therapy to a patient comprising:

3 laser sowrce operable to emit a first laser beam having a first operating wavelength and
a second laser beant having a sccond operating wavelengthy;

a fiber optic cable to guide and homogenize the Srst and second laser beams, wherein the
fiber optic cable has a dlameter of approximately 350 to 450 microns and a length of
approximately 200 to 300 millimeters;

a first optical system coupled to the fiber optic cable and configured fo increase the
diameter of and collimale the first and second laser beams;

& spot-size selector coupled {o the first optical system and comprising 8 phuality of
aperiures, wherein the spot-size selector is positioned after the first optical system on the optical
path of the first and second laser beams, and the fiber optic cable is the only fiber optic cable
between the laser source and the spot-size selector; and

a second optical system coupled to the spot-size selector and configured o focus the first

and seoond laser beams on an eye tissue of the patient,
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17. The laser system of claim 16, further comprising an optical filter configured to
partially reflect the laser beam, wherein the optical filter is positioned after the second optical
system and reflects a first percentage of the first laser beam and 2 second percentage of the

second laser beam, the first percentage being greater than the second percentage.
18. The laser system of claim 16, wherein the laser source operstes at 1.5 watis or less.

19, The laser system of claim 18, firther comprising a passive cooling system attached to

the laser source.

20, The laser system of olaim 19, wherein the passive cooling system comprises a

heat pips, a hest sink, and g fin array.,

21, A method of activating a photoactive drug administered to a patient intravenously,

comprising: '

activating the photoactive agent with a first laser beam generated by a laser apparatus, the
first laser beam having a first wavelength;

generating a second laser beam operating at a second wavelength, wherein the combined
power levels of both the first and second laser beams are 1.5 watls or less;

passively cooling the laser apparatus by coupling a heat sink 1o a laser sowrce of the laser
apparatus;

guiding the first and second lager beams through a fiber optic cable coupled o the laser
soures, wherein the'fiber optic cable homogenizes the first and second laser beams;

collimating the first and second laser beams;

adjusting a spot-size of the first and second laser beams; and

focusing the first and second laser beams on an eye tissue of the patient, wherein at least
the first laser beam activates the photoactive drug within the patient’s eve tissue to provide

thevapy to the patient,
22. The method of claim 21, wherein the photoactive drig comprises verteportin,

23. A laser system configured for activating a photoactive drug administered to a patient

intravenously, the system comprising:
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a laser source operable to emit a first laser beam operating a Hvst wavelengthand a
second laser besrn operating at a second wavelength, wherein the laser source operateg at 1.5
watts or less;

a passive cooling system, wherein the passive cooling system comprises a heat pipe, a
heat sink, and a fin array;

a fiber optic cable coupled to the laser source and configured to guide and homogenize
the first and second laser beams;

a first optical system coupled to the fiber optic cable and configured to increase the
diameter of and collimate the first and second laser beams;

a spot-size selector coupled to the first optical system and comprising a plurality of"
apertures; and

a second optical system coupled to the spot-size selector and configured to focus the first
and second laser beams on an eye tissue of the patient, wherein at least the first laser beam

activates the photoactive drug within the patient’s eye tissue to provide therapy to the patient.

24. The system of claim 23, wherein the photoactive drug comprises verteporfin.
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