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(57) Abstract: Methods and systems for performing laser-assisted surgery on an eye form a layer of bubbles in the Berger's space of
the eye to increase separation between the posterior portion of the lens capsule of the eye and the anterior hyaloid surface of the eye.
A laser is used to form the layer of bubbles in the Berger's space. The increased separation between the posterior portion of the lens
capsule and the anterior hyaloid surface can be used to facilitate subsequent incision of the posterior portion of the lens capsule with
decreased risk of compromising the anterior hyaloid surtace. For example, the layer of bubbles can be formed prior to performing a
capsulotomy on the posterior portion of the lens capsule.
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LASER CAPSULOVITREOTOMY

CROSS-REFERENCES TO RELATED APPLICATIONS

{881} This application claims prionty o US. Application No. 61/783,672, filed on March 14,
2013, the vontents of which are incorporated herein by referance fiw all purposes. Full Paris

Convention prionty 1s hereby expresshe reserved.

BACKGROUND
{0002] Cataract extraction is one of the most commonly performed surgical procedures in the world.
A catarget is formed by opacitication of the ;:r}-smi{me fens or its envelope - the lens capsale - of the
eve. The cataract obsiructs passage of light through the lens. A cataract can vary in degree from
slight 1o complete opacity, Early in the development of an age-refated cataract the power of the leas

miay be increased, causing near-sightedness (myopial, Gradual vellowing and opacification of the

ks

lens mav reduce the perception of blue colors as those wavelengths are absorbed and scattered
within the prystalline lens. Cataract formation typieally progresses stowly resulting in progressive
vision loss, Catarsets are potentiaglly blinding # untrested.

{03] A common calaract treatment involves replacing the opsgue crystalline fens with an artifivial
intraccular fens (HOL). Presently, an estimated 13 million cataract surgeries per year are performed
worldwide. The cataract treatment market is composed of vartous segments including intraocular
fenses for bnplantation, viscoelastic polymers to facilitate surgical mancuvers, and disposable
instramentation including ulwasonic phacoemulsification tips, wbing, various knives, and forceps.
{0004] Presently, vataract surgery is tvpieally performed using a technique termed
phacocnmisification tn which ay uitrasonic tip with associated freigation and aspiration ports i3 used
to sculpt the relatively hard nuclens of te ens to Tacilitate removal through an opening made in the
anterior fens capsule. The nucleus of the lens iy contained within an outer membrane of the lens that
1 referred fo as the lens capsule. Access to the lens macleus can be provided hy performing an
giterior vapsulntonty in which a small round hole s tormed in the arserior side of the lens capsule,
Access to the lens nucleus can alse be provided by performing a mamad continuous curvilinear
capsulorhexis (CCC) procedure. After removil of the lens nucleus, a synthetic foldable intraccular
fens {H3L) can be inserted inmo the remaining lens capsale of the eve through a small inciston,

Typically, the 1OL is held in place by the edges of the anterior capsnde and the capsular bag. The

%
i
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1OL ray also he held by the posterior capsule, either alone or in unison with the amtenior capsule.
This latter configuration I8 knovwn v the feldas o “Bag-lo-Lens” implant.
{088] One of the most wechnieally chalenging and eritieal steps in the cataract extraction procedure
ia peoviding access 1o the fens muclens. The manual continnous corvilinear capsulorhexis (LK)
srocedure evolved fram an earlicr weehnique termed can-opener capsulptonty 1w which g sharp

o

needie was wed to perforate the anterior lens capsude in g cireular fashion followed by the removal
of a cirontar fragment of lons capsude typically in the range of 3-8 mum in diameter. The smaller the
capsuloteny, the more difficelt s to pl{sduu: manualty. The capsuimomx faciiitates the next step
af nuclear senlpting by phacoemudsification. Thae toa variety of complications associated with the
initial can-npener technique, attempts were made by leading experts in the fleld to develep a better
technigne for removal of the anterior lens capsule preceding the emulsification step.

13006} The desired outcome of the manual continuows curvitinear capaalorhexis 1§ 1o provide 2
siuoth continnoas cirvadar opening through which not only the phacoemulsification of the nucleus
can be performed sately and eastly, but also to provide for easy insertion of the intraccular fens. The
resulting opening in the anterior capsule provides both a clear centrad access for tool fnsertion during
removal of the nucleus and for IOL insertion, @ permanent aperture for transmission of the image
the reting of the patient, and also support of the 0L inside the remaiming capsule that fimits the
potential for distocation,

[8007] Farthermore, I0Ls that engage the posterior capsule can benefit from a posterior
capsulotomy, An exanple of such an IOL that can benefit from a posterior capsulotonyy is deseribed
U8 Pan Appl. No, 2008/0281413, entitled “METHOD AND APPARATUS FOR CREATING
INCISIONS TO IMPOROVE INTRAOCULAR LENS PLACEMENT, in the name of Culberison,
et al., the entire disclosute of which Is incorporated herein by reference. Such lenses muay further
henefit fram seating the 0L in both the anterior and posterior capsule in order 10 best provide for
avcommodative motion via the zonular process. Creating a posterior capsulotomy, however, may
require the surgeon o engage the vitreous and s anterior hvalold surface. Ustortunately, the
amterior hyaleid surface may be viclaed during the posterior capsalptomy procedure. Itis
postulated that a broken anterior hvaloid surface may allow anterior movenwt of proteins and
macromoiecules from the vitreous gel, which may resyltin fludd shifting within an aiready svneretic
yifreous cavity. This anterior movement of profeins and macromolecules may lead to mereased
peripheral vetingl traction and break formation, BEven with an intact anterior hyaloid swrface, a vent
in the posterior capsule disrupts the phvsical barver betwesn the anteriee and posterior segments of

2
a
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e eve simifar to that of the aphakic eve affer intracapsular lens extraction. The loss of this barrier

-

may facilitate diffusion of hvaluronic acid, a stabilizerof the vitreous gel, fntu the anterioy chamber,

thia sttuation mav mantfest clinically as collapse of the vitreons gel,

"

088 Accordinglv, imoroved methods, techniques, and an apparatus are needed to perform an
el k x t L3 3

acourate posterior capsulotomy with reduced risk of compromising the anterior hyalond surface,

)
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[0008A] Reference to any prior art in the specification is not an acknowledgment or suggestion
that this prior art forms part of the common general knowledge in any jurisdiction or that this
prior art could reasonably be expected to be combined with other pieces of prior art by a skilled

person in the art.
SUMMARY

[0009] Although specific reference is made to the removal and treatment of a cataract, the
methods and apparatus as described herein can be used with one or more of many surgical
procedures, for example a posterior capsulotomy on a non-cataractous eye of a patient.

[0010] Embodiments provide methods and systems for performing laser-assisted surgery on an
eye to provide a separation layer between the posterior portion of the lens capsule of the eye and
the anterior hyaloid surface of the eye. While the separation layer can be formed in one or more
of many ways, in many embodiments a layer of bubbles is formed in the Berger’s space of the
eye to separate the posterior portion of the lens capsule of the eye and the anterior hyaloid
surface of the eye. The increased separation between the posterior portion of the lens capsule and
the anterior hyaloid surface reduces the risk of compromising the anterior hyaloid surface during
a subsequent procedure in which the posterior portion of the lens capsule is incised. In many
embodiments, the layer of bubbles is formed prior to performing a capsulotomy on the posterior
portion of the lens capsule. The capsulotomy can be performed to combination with one or more
of many surgical procedures, such as the implantation of an IOL, which may comprise an

accommodating IOL or a non-accommodating IOL.

[0011] Thus, in one aspect, a method is provided for performing laser-assisted surgery on an eye
having a lens capsule, an anterior hyaloid surface, and a Berger’s space between a posterior
portion of the lens capsule and the anterior hyaloid surface. The method includes increasing the
separation between the posterior portion of the lens capsule and the anterior hyaloid surface
using a laser to form bubbles within the Berger’s space. After forming the bubbles, the posterior
portion of the lens capsule in incised. In many embodiments, the laser is used to perform the
incising of the posterior portion of the lens capsule. And in many embodiments, the laser is used

to perform a capsulotomy on the posterior portion of the lens capsule.

[0012 ] In another aspect, a system is provided for performing laser-assisted surgery on an eye
having a lens capsule, an anterior hyaloid surface, and a Berger’s space between a posterior
portion of the lens capsule and the anterior hyaloid surface. The system includes a laser source,
an integrated optical system, and a controller. The laser source is configured to produce a
treatment beam including a plurality of laser pulses. The integrated optical system includes an
imaging assembly operatively coupled to a treatment laser delivery assembly such that they share
at least one common optical element. The integrated optical system is configured to acquire

4
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image information pertinent to one or more targeted tissue structures and direct the treatment
beam in a three-dimensional pattern to cause breakdown in at least one of the targeted tissue
structures. The controller is operatively coupled with the laser source and the integrated optical
system. The controller is configured to control the system to form a plurality of bubbles within
the Berger’s space in a manner to increase separation between the posterior portion of the lens
capsule and the anterior hyaloid surface. In many embodiments, the controller is configured to
control the system to incise the posterior portion of the lens capsule subsequent to the formation
of the plurality of bubbles within the Berger's apace, And in, many embodiments, the controller
is configured to control the system to perform a capsulotomy on the posterior portion of the lens
capsule subsequent to the formation of the plurality of bubbles within the Berger’s space.

[0013] For a fuller understanding of the nature and advantages of the present disclosure,
reference should be made to the ensuing, detailed description, and accompanying drawings.
Other aspects, objects and advantages of the disclosure will be apparent from the drawings and

detailed description that follows.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A better understanding of the features and advantages of the present disclosure will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the disclosure are utilized, and the accompanying

drawings of which:

[0015] Figure 1 shows a schematic representation of an embodiment of a system capable of
creating bubbles within the anterior hyaloid vitreous of Berger' s space, in accordance with many

embodiments;

[0016] Figure 2 shows a schematic representation of another embodiment of a system, which
utilizing optical multiplexing to deliver treatment and imaging light, that is capable of creating
bubbles within the anterior hyaloid vitreous of Berger's space, in accordance with many

embodiments;

[0017] Figure 3 shows a schematic representation of another embodiment of a system capable of
creating bubbles within the anterior hyaloid vitreous of Berger’s space utilizing an alternate

imaging system configuration, in accordance with many embodiments;

[0018] Figure 4 shows a schematic representation of another embodiment of a system capable of
creating bubbles within the anterior hyaloid vitreous of Berger's space utilizing another alternate

imaging system configuration, in accordance with many embodiments;
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100191 Figure 8 is a schematic representation of the anterier chamber, lens, and anterior vitreous of

the eve, in acenrdance with many embodiments;

{0026 Figure 6 shows a schematic representation the use of & laser to create  bubble within the
anterior hyaloid vitreons of Berger's space, n accordance with many embodimenis;

{0021} Figure 7 shows a schematic representation of & layer of bubbles created within the anferior
hvalord vitreous of Berger's space, 1n accordance with many embodiments; ands

19022 Figure 8 ilustrates & methed for using @ laser 1o form g laver of bubbles within the Berger's
space of an eve to increase separation hebween the posterior portion of the lens capsule and the
anterior hvaloids surface and, alter forming the layer of bubbles, ncixing the postertor portion nf the

fons capsule, in accordance with many smbodiments.

DETAILED DESCRIPTION
N}Zﬁ n the following description. varieus embodiments of the present disclosare will be
eribed. For murposes of explanation, specific confipurations and details are set forth i order to

provide 2 thorough understanding of the embodiments. However, it will also be apparent to one
skilled in the art that the present disclosure may be practiced without the specific detalls.
Furthenmore, well-known features may be omitted or stmplified in order not to obscure the
embodiment being described,
{6024} Methods and systems for performing laser-assisted surgery on an eye use a laser torm u layer
of bubbles in the Bergar’s space of the eve. The laver of bubbles serves to increase separation

between the posterior portion of the lens < apsule of the eve and the anterior hyalod swrface of the
gve. The increased separation between the rior portion of the lens capsule and the anterior
hyaloid surface can be used to decrease visk of cmmmnising the antertor hvaloid surface during a

subseguent inciston of the posterior portion of the lens capsile. For example, the layer of bubbles
can be formed prior to performing a capsulotomy on the posterior portion of the lens capsule.
{0028] The methods disclosed heremn can be E.mpiememw by a system that projects or seans an
nptical beam into a patient’s eve 68, such as system 2 shown in Figare 1. Svstem 2 includes an

ultrafast (UFY bt sowree 4 (e, a femtosecond laser). Using system 2, o beam can be scanned i
the patient’s eye 68 in three dimensions: X0 Y, £ Shortpulsed laser Hght can be focused into eve
tssue o produce dicleotric breakdown to cause photo disruption sround the focal point (the focal
zone), thereby rupturing the tssue inthe vicinity of the pheto-nduced plasma. In this embodiment,

the wavelength of the laser light can vary between 80nm to 1200nm and the pulse width of the laser

&
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tight can vary from 105 to 1000085, The pulse repetition freguency can also vary from 1 kHz 10
SO0 kHe Safety Umits with regard to unintended damage to non-targeted tssue bound the appey
Vimit with regard o repelition rate and pulse energy. And threshold energy. time to vomplete the
srocedure. and stability bound the lower Hinit for pulse enevpy ard repetition rate. The peak power
of the focused spot in the eve 68 and specifically within the orvstalline lons 69 and anterior capsule
of the eve 1s sufficient to produce optical breakdown and inittate & plasma-medisted ablation

recanse near optival absorption and svattering in

e

provess, Near-infrared svavelengths are preferred
hiological tissue 18 reduced for near-tnfrared wavelengths. As o non-limiting example, laser 4 can be
arepetitieely pulsed 1035 nm device that produces 500 18 pulses at a repetition rate of 100 kHz and
individual pulse energy in the 1o 20 micro joule range,
H026] Alceoately, a system of longer pulse duration and higher energy can be used to create farger
bubbles for enhanced efficioncy. Using a supine patient, the resulting bubbles will float upwards.
This reduces the aceuracy requirmm::m of the targeting svstem, In general, any suitable laser having
any suitable parameters can be used.
0027} The taser 4 is controlled by control electremies 300, via an input and output device 304, o
create optical beam 6. Control electronics 300 may comprise a processor such as & compuier,
microcontrolier, ote. In this example, the controller 300 controls the entire system and data is moved
through inpationtpat device K 302, A graphical user interface GUT 304 can be used 1o set system
operating parameters, process user input (U} 306, and display gathered information such as images
of seular structures, The GUT 304 and UT 306 may comprise components of a known computer
systen, for example one or more of a display, 4 toach sereen display. key board, a pointer or a
mouse, for example, The control electronics may comprise one or more processars of g compater
svstem, for example.
{0028 The control electronies 300 van be configured in one or more of many ways. and may
conmprise & processor having a tangible medivm having instructions of @ computer program
embodied thereon. In many embodiments, the tangible mediwm comprises & computer readable
memory having instroctions of a computer readable mediom embodied thereon. Alterpatively or in
combination, the control electronic may comprise arvay logic such as a gate array, 2 programmabie
gate array, for field programmable gate array to implement one or more instructions as described
herein. The instractions of the tangible meditm can be implemented by the processor of the contral

alecironmes.
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{029] The gonerated UT hight beam & proceeds tpwards the pattent eve 68 passing through 4 hall-
wave plate § and 2 linear polarizer, 180 The polariration stae of the beam can be adjusted so that the
desired amount of Hght passes through the balfswave plate § and the Hoear polanizer 1 wineh
together act @ o variable attenaater for the UF beam 6. Additionally, the orfentation of the Hinear
polarizer HE detenmines the incident polirization state incident upon a beam combiner 34, therchy
optimizing the heam combiner 34 throughput.

HIB3G] The UV hght beam 6 proceeds through a systemecontrolied shutter 12, a aperture 14, and a
pickoft device 16, The system-controlied shutter 12 ensures onfoff conteod of the laser for
i

anct the piekott device 18 momitors the resulting beant. The plokoff device 16 tncludes a pavtiaily

procedural and safety reasons. The aperture 14 s018 ap outer useld diameter tor the U Dight beam &
seflecting mirrer 20 and a detector 18, Pulse gnergy, sverage power, of 2 combination can be
measired asing the deteoter 18, Output from the detector 18 can be used for feedback 10 the half-
seave plate € for attenuation and to vertly whether the systene-controlied shutter 12 s open or closed.
In addition, the system~controlled shutter 12 can have position sensors to provide @ redundant state
detection,
{031] The beam passes through a beam conditioning stage 22, in which beam parameters such as
heam diameter, divergence, circnlarity, and astigmat) am can be modified.  In thus Hlustative
exanye, the beam condibioning stage 22 includes a two~element beam expanding telescope
comprised of spherical optivs 24, 26 i order to achieve the ttended beam size and collunation.
Althoogh not illustrated here, an angmorphic or other eptical svstem can be used to achieve the
desired heam parameters, The factors used to determine these beam parameters include the output
bean parameters of the faser, the overall magnification of the system, and the desired manerical
aperture (VAT a1 the reatment location. In addition, the beam conditioning stage 22 can be used 1o
tmage aperture 14 10 a desired location {e.g . the cemer Iocation between g Doaxis scanning device 30
deseribed below)y, In this way. the amount of Hight that makes 1t teough the aperture 14 s assured to
nnskar £ through the scaming svatem. The pickeff devive 16 1s then a reliable meusare of the usable
Hght,
032} Alter exiting the beam conditioning stage 22, the beamn 6 reflocts off of fold mirrors 28, 30,
These mirrors can be adjustabie for aliganent parposes. The beam 6 is then incident upon the
beam combiner 34, The beam combiner 34 reflects the UF beam 6 {and transmits botk the imaging,
in this exemplary case, an optieal eoheremee fomography (OCT beam 114, and s ains 202 beam

deseribad below), For efficient beam combiner operation, the angle of incidence is preferably kept

8
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helow 43 degrees and the polarization of the beams is fixed where possible. For the L beam 6. the
orientation of the linear polarizer 10 provides fixed polarization.  Although OCT is used as the
nnaging modality in this non-limiting example, other approactes, such as Purkinje imaging,
Sehetmpilug maging, confocal or nonlinear optical aucroscopy, haorescence imaging, wWirasound
structured Hght, stereo imaging, or other known ophibalmic or medical imaging modalities andior
combinations thereof may be empleved.

[8833] Foliowing the beam combiner 34, the beam 6 continues nain 4 z-adjust or £ scan device 40
In this lusirative example the z-adiust 49 inclodes a Galtlean tefescope with two lens groups 42, 44
{each fens group includes one or mere lenses), The fens group 42 moves along the z-axis about the
collimation position of the telescope. In this way, the focus p{}gi_tim of the spot in the patient’s
eve &8 moves along the z-aals as indivated. In goneral, there 13 & fixed linear relationship hetween
the motion of lens 42 and the motion of the focus. In this case, the z-adjust telescope bas an
approximate 2x beam expansion ratio and a 111 relationship of the movement of lens 42 to the

movement of the focus. Alternatively, the lens group 44 could bemoved along the 2-a3s W gctoate

the weadiust, and scan. The 2-adiust 40 ix the z-scan device for reatment in the eye 68, It can be
controlled awomaticatly and dynamideally by the svatem and selectsd to be Independent or to
interplay with the X+ svan devive described next, The mirrors 36, 38 can be used for aligning the
eptical axis with the axis of the z-adjust device 40,
10034] After passing through the z-adjust device 40, the beam 6 is divected o the X-y scan device 50
by mirrors 46, 48, The mirrors 46, 48 can be adjustable for alignment purposes. X-Y scanming is
achieved by the scanning device M) preferably using two mirrors 52, 54 under the control of the
comirol electronics 300, which rotate in orthogonal divections wing motors, gabvanomaeters, or any
other well known optic moving device, The mirrors 32, 34 are located near the telecentric positioh
of an objective Jens 58 and a contact lens 66 cotlination deseribed below. Tilting the mirrors 32,
S4 changes the resulting direction of the beam 6, cansing Jateral displacements in the plane of UF
foons Incated in the patient’s eve 688, The objective lens 3§ may be & complex multi-element lens
clement, as shown, and represented by lenses 60, 62, and 64, The complexity of the objective
lens 58 will be dictated by the scan ficld size, the focused spot size, the available working distance
whoth the proximal and distal sides of objective lens 38, ag well as the amount of aherration
comiral. An ftheta objoctive leas 58 of focal length 80mm generatiog a spot size of Hpm, sver a
ol of 10mim, with an input beam size of 1 Snun digmeter is an example, Altematively, X-Y

scanning by the scanning device 30 may be achievid by using one oy more moveable optim_i
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O

clements {e.g., lenses, gratings), which alse may be contrelied by the control electromios 304, viathe
shput st output device 302

HH035] The scanning deviee 30 under the contrd of the control electronics 300 can antomatically
penerate the aiming and treatment sean patierns. Such patterns may he comprised of ¢ single spotof
Hght, multiple spots of Bght, g contisons paiters of light, multiple continuous patterns of light,
anidinr any mmbi; jor of these, In addition, the alming paitern (using the aim beam 202 deserthed
below ) need net be wentical to the treatment pattern (using the hight beam ), but preferably at feast
defines Hs boundaries in order (o assure that the reatment light is debvered only within the desired
tareet ares for patient safety. This may be done, for sxample, by having the aiming pattern provide
an outlime of the itended treatment pattern. This way the spatial extent ot the treatment patiern may
be made known o the user, I not the exact locations of the individual spots themselves, and the
scanning thus optimized for speed, efficiency and accuracy, The aiming pattern may alse be made o
be perceived as blinking norder to further enbance 13 visibility to the user.

10636] An optional coract lens 86, which can be any suitable oplithatmic lens. can be used to belp
further forus the Hght beam 6 into the patient’s eye 68 while helping {0 stabilize ove position. The
positioning and character of the Heht beam 6 andfor the scan pattern the light beam & fovms on the
eve 68 may be further controlled by use of an fnpat device such a8 a joystick, or any othey
appropriate user inpu device {e.g . GUT 304) 1o position the patient andfor the optical systen,

[0037] The UF laser 4 and the control electronies 300 can be set to target the targeted structures in
the eve 68 amd ensure that the Hight beam & will e focused where gpproprisie and not
wnintentionally damage non-targeted tissue. Imaging modalities and techniques described heretn,
such gs those mentioned above, or ultrasound may be used © determine the loeation and measure the
thickness of the fens and lens capsule 1o provide greater precision o the laser focusing methods,
inchuding 20 and 3D patterning.  Laser focusing may also be accomphshed using one or more
mathods inclnding drect ohservation of an alming beam, or other known ophthalmic or medicsd
imaging modalities, such as those mentioned above, andfor combinations thereof. In the
envbodinent of Figare 1, an OCT device HIU is described, although other modalities are within the
seope o the présent disclosure, An OCT sean of the eye will provide wiormation about the axial
focation of the anterior and posterior lens capsule, the boundaries of the cataract nucleus, as well as
the depth of the anterior chamber, This information 1s then loaded fito the control electromses 300,
and used to program and control the subsequent laser-assisted surgical proceduve. The information

may alsn be used 1o determing & wide variety of parameters related to the procedaore such as, for
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example, the spper and lower axial limits of the focal planes used for cutting the fens capsule and
segmentation of the Jens cortex: and mucleas, and the thickness of the lens capsule among < athers,
10038 The OCT deviee 100 n Plgwre 1 includes a broadband or a swept Hght source 102 that is split
hy & fiber coupler 104 1ato a reference avm 106 and a sample arm 1O, The reference arm 106

includes a module 108 containing a reference reflection alimg with suitable dispersion and path

fength compensation. The sample arma 116 of the OCT deviee 1 hag an sutput conneetor 111 that

3.

serves as an imerface to the rest of the UF laser svstem.  The retun signals from both the reference
and sample arms 106, 110 are then divected by coupler 14 1o a deteation devive 128, which employs
a time domain detection techniyue, 2 frequency detection teehrvique, o & single potnt detection
techoique. In Figure 1, a frequency domain technique is used with an OUT wavelength of $30nm
and bandwidih of Hi0nm.

{00391 Afier axiting the connector 112, the OCT beam 114 s zollimated ssing # lens 116, The siwe
of the collimated OUT beam 114 15 determined by the focal length of the fens 116, The size of the
beam 114 is diciated by the desived NA at the focus in the eve and the magnification of the beam
train leading to the eve 68, Generally, the OUT beam 114 does not requive gs high an NA as the UF
light beam € in the Tocal plans and theretore the OCT beam 114 15 smaller i diameter than the LF
tiaht beam 6 at the heam combiner 34 location.  Following the vollimating lens Hés ap

aperture |18, which further modities the resaltant NA of the OCT beam 114 atthe eye. The
diameter of the aperture 118 s chosen to optimize OCT light incident on the target tissue and the
strength of the retum signal. A polarivation control element 12¢, which may be active or dynamic, 1
used 1o compensate for polarization state changes. The polarization state changes may be induced,
for example, by individual ditferences in comeal birefringence, Mirrors 122, 124 are then ased o
divect the OCT beam 114 towards heam conbingrs 136, 34, Mirrors 122, 124 can be adhustable for
alignment purposes and i particular for everlaving of the OCT beamn 114 10 the UF bght beam 6
subsequent o the beam combiner 34, Sunilarly, the bean combiner 126 1 used to combine the DCY
team 114 with the wm beam 202 as described below,

10040] Once combined with the UF Hight beam 6 subsequent to beam combiner 34, the OCT

beam 114 follows the same path as the UF light beam 6 through the rest of the system. I this way,
the (0T beams 114 is indicative of the focation of the UK fight beam 6. The OUT beamy 114 passes
theough the z-scan 40 and x-v scan 30 devices then the objective lens 38, the contact lens 66, and on
it the eve 68, Reflections amd scatter off of structures within the eve provide retum beams that

retrace back throush the optical svstent, into the connector 112, through the coupler 164, and to the
g 3 : 8 .

oy
s,
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OUT detector 128, These return back reflections provide OCT signals that are i trn interpreted by
the svafeny ax 1o the Jocation n X, Y, and £ of UF eht beam 6 focal location,

10041} The OUT device 100 works on the principle of measuring differences i oplizal path length
botween its reference and sample ams, Therefore, passing the OUT beany {14 through the -
adiust device 40 does not exiend the z-range of the OUT system 100 because the optical path length
does ot change as a function of movement of the fens group 42, The OCT system 100 has an
inherent zerange that is related to the detection scheme. and in the case of frequency doman
detection it s spectiically reiated to the spectrometer and the location of the reference arm 180, In
the case of OCT system 100 used in Figure 1, the z-mnge i approximatedy 1-2mm in an aqueouy
environment. Bxiending this range to at Jeast dmm involves the adinstment of the path length of the
refevence aom within QUT svstem 100, Passing the OCT beam 114 in the sample arm through the #-
sean of z-adjost device 40 allows for optimization of the OCT signal strength. This is accomplishedd
by focusing the CCT beam 114 onto the targeted structure while accommodating the extended
eptical path length by commensurately increasing the path within the reference arm 106 of OCT
system {00

10642} Recause of the fundamental differences in the OUT measurement with respect o the UF
fouus device due to influences such as immersion index, refraction, and aberration, both chromatie
and monochromatic, care must be taken in analvzing the OCT signal with respect 1o the UT beam
focal focation. A calibration or registration procedure as a function of X, Y, and Z shoudd be
conducted in order 1o maich the QCT signal information o the UT focus location and also to the
refative to absolute dimensional quantities,

{0043} Observation of an aim beam may alse be used to assist the user to divecting the UV laser
focus. Additionally, an aim beam vistble to the unaided eye in licu of the infrared OCT beam and
the U Heht beam can be helpful with alignment provided the aim beams accurately repwesemts the
infrared heam prrameters. An aim subsvstem 200 i emploved in the contiguaation shown in

Figare 1. The wim beam 207 is gencrated by an aim beam light source 201 such as a heliumeneon
laser operating at & wavelength of 633nm. Alternatively a laser diode in the 630-030mm range can
be used,  An advantage of using the helium neon 633nm beam s tts long coherence length, which
would enable the wse of the aim path as a laser unequal path-length interferometer (LUPD w0
measure the optical quality of the beam train, for example.

{0044} Once the aim beam light source 201 generates the alm beam 202, the aim beam 202 s

collimated wsing o lens 204, The size of the collimuted beam s dutermined by the fuwal longth ot the
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tens 204, The size of the am heam 202 15 dictated by the desired NA at the focus n the eve and the
magnilication of the beam tram leading to the eve 88, Generally, the aim beam 202 should have
¢lnse o the same NA as the UF Hghe beam 6 i the focal plane and therefore the ain beam 202 s of
sirmilar diameter to the UF light beam 6 at the beary combiner 34, Because the aim beam 202 iz
meant o stand-in for the UF lght beam & during system slignment @ the target tissue of the eve,

sl of the alm path mimics the UF path as desenibed previously, The atm bear 202 proceeds

through a halfwave g}isﬂe 206 and & Hozar polarizer 208, The podarization state of the aim

hearm 202 can be adjusted so that the destred amount of Hglt passes through the polarizer 208, The
halfowave pi\lic 206 and the linear polarizer 208 therefore act as a varable attenuator for the aim
cam 202, Additionally, the arientation of polartzer 208 determines the meident polarization stide

meident upon the beam combiners 126, 34, thereby fixing the polarization state and allowing for
optimization of the throughput of the beam combiners 126, 34, Of course, 1f a semiconductor fa

s used as the aim bearn light source 200, the dryve current can be varied o adjust the epticad power.
{043 The atm beam 202 proceeds through a system-copirolied shutter 210 and an aperture 212

\~

The systeny-controtled shutter 210 provides ondoff control of the aim beawy 202, The aperture 212
sety an outer useful diameter for the aim beam 202 and can be adjusted appropriately. A calibration
procedure measuring the cutput of the atm beam 202 at the eve can be used to set the attenuation of
atm heam 202 via control of the polarizer 206,

{046 The aim beam 202 nex! passes through a heam-conditioning device 214, Beam parameters
such as beam diameter. divergence, circularity, and astigmatism can be modified using one or more

vell known beaming conditioning optical elements.  In the case of the aim beam 202 emerging from

an optical fiber, the beam-conditioning device 214 can siraply include & beam-expanding telescope

with two optical slements 216, 218 inorder 1o achieve the intended beary size and collimation. The

o

fnal {actors used to determine the aim beam parameters such as degree of collimation are dictaled
by matching the UF hight beam 6 and the atm beam 202 at the location of the eve 68, Clromatic
differences can be taken inte account by appropriate adiustments of the beam conditioning device
214, In addition, the optical system 214 1a used {o image aperture 212 to a desired location such as a
comjugate focation of the aperture 14

{0047 The atm boam 202 next reflects off of fold mirrors 220, 222, which are preferably adjustable
for alignment registration o the LT Hght bean 6 subsequent to the beam combiner 34, The aim
beam 262 is then incident upon the beam corbiner 126 where the aim beam 202 13 combined with

the OCT beam 114, The heam comttuner 126 reflects the wim heam 202 and transmits the OOT
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beam |14, which allows for efficient operation of the heant combining functions at both wavelength
ranges, Alernatively, the ransmit function and the reflect function of the beam combiner 126 can
be reversed and the configuration inverted. Subseguent 1o the beam combiney 126, the aim
heam 202 along with the OCT beans 114 is combined with the UF Hght beam & by the beam
combiner 34,

10048] A device for imagiog the target ssue on oy within the eve 68 is shown schematically in

~
¢
:

Figure 1 as an imaging system 71 The tmaging system 71 includes a camera 74 and an llumination

: 7

Hght source 86 for areating an image of the wrget dssue. The Inwging systems 71 gathers tmages that
may be used by the controd electronios 300 for providing pattern centering abont or within 4
predefined siucture. The illominanion hght sowce 86 is generally broadband and incoberent. For
axample, the lght source 86 can include multiple LEDs as shown, The wavelength of the

Hlamination Hyht source 86 is preferably in the range of 700nm to 750nm. but can be anytiang that

py

s secommudaied by g beam cowbiver 56, which combines the viewing bt with the beam path for

o

v

the UT Huht beam 6 and the atm beam 202 (beam combiner 36 reflects the viewing wavelengths
while trassminting the OCT and UF wavelengths). The beam combiner 36 may partially transmit the
aim wavelength so that the aim beam 2072 can be visible to the viewing camera 74, An optional
polarization element 84 in fromt of the Hght source 86 can be a linear polatizer, a quarter WRVE [Hate

v

a halt-wave plate o any combination. and is used 0 optimize signal. A false color image as
generated by the near infrared wavelongth is acceptable.

{0049} The Dlwmination light from the light source 86 is directed down towards the eye using the
same objective lens 38 and the contact lens 66 as the UF Hght beam 6 and the aim beam 202, The
Hght reflected and scattered off of various structures in the eve 68 are collected by the same

fenses 38, 86 and directed back owards the bearn conbingr 36, At the beam combiner 36, the renn
Heht is directed back into the viesiog path vig beam combiner 36 and a mirror 82, and on o the
viewing camera 74, The viewing camera 74 can be, for example bt not limited t, any silicon based
defector array of the appropriately sized format. A video lens 76 forms an image onto the camera’s
detector arsy while optical elements 88, 78 provide polarization control and wavelength filtering

respectively, A aperture or iris 8] provides control of imaging NA and therefore depth of focus and

depth of field. A small apertuve provides the advamtage of large depth of field that aids in the patient

,v

docking procedure. Ahematively, the ilumination snd camiera paths can be switched. Furthermore,
the atm Hght source 200 van be made to cxnt tntrared light that would not be directly visible, bt
coruld b captured and displayed using the imaging aystem 71

14
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HIG50] Coarse adiust registration i usually needed 30 that when the contact lens 66 comes i
contact with the sernea of the eve 68, the targeted stractures are in the capture range of the X, Y sean
of the svatem. Therefore a docking procedure I8 preferred, which preferably takes in account patient
motion as the systent approaches the contact condilion (1.8, contact between the patient’s eve 6% and
the contact lens 581 The viewing svstem 71 is configured si that the depth of focus i lavge enou aghs
such that the paticnt’s eve 68 and other salient features may be seen before the contact lens 66 makes
comtact with the eye 68,

{0051} Preforably, ¢ motion conteof system 79 13 integrated inte the overall system 2, and may

the patient, the system 2 or clements thereof, or both, to achivve acowrate and reliable contact
betsweon the contact Jens A6 and the eve 68, Furthermore, & vactugm suction subsystem and fange
may be incorporsted o the svetem 2, and used to stabilize the gve 6%, Alignment of the eve 88 1o
the systent 7 via the contact lens 66 van be accomplished while monitoring the utput of the imaging
system 71, and performed manually or antomatically by analyzing the images produced by the
imaging svstem 71 electronically by means of the control electronics 300 vig the 10 302, Force
andfor pressure sensor feedback can alse be used w discern contact, as well a3 o intiate the vacuum
snhsysiern. An altemate patient interface can also be used, such a8 that deserihed in ULS. Pat.
Application No. 13/223,373, which is incorporated herein by reference,

10052] An alternative hean combining configuration is shown in the altervate embodiment of
Figure 2. For example, the passive beam combiner 34 in Figure | can be replaced with an active
combiner 140 as shown in Figure 2. The active beam combiner 140 can be a moving or dynamically
controlled element such a8 a palvanemetic scanning mirror, as shown, The active combiner 140
changes ity angular orlentation in order to direct either the UF Hght beam 6 or the combined aim and
OUT beams 202,114 towards the scanner 30 and eventually wwards the eye 68 ope at a tme. The

advantage of the active combining technigue s that it avoids the difficulty of combining beams with

similar wavelength ranges or polarization states using a passive beam combiner. This ability

eadted off against the ahility o have simulianeons beams in time and potentially loss accaracy and

prevision due to positional telerances of active beam combingr 140,

10053] Another alternate embodiment is shown in Figure 3 and 13 similar to that of Figure 1 but

wtilizes an alternate approach o the OCT 108, 1n Figure 3, an OCT 101 is the same as the OCT 108

in Figure |, except that the reference arm 106 has been replaced by g reference arm 132, Thas free-
space OCT reference arm 132 s realized by incloding a beam splitter 130 after the lens 116, The

reference beam 132 then proceads through a polarization controlling elgroent 134 and then onto a
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reference return module 136, The reference return module 136 containg the appropriate dispersion
and path length adjosting and compensating elements and generates an appropriate reforence signal
for interforence with the sample signal, The sample ar of OUT 101 now originates sobsequendt 1o
the heam sphitter 130, Potential advantages of this fiee space configuration include separate
volarization control and maimtenance of the reference and sample arms. The fiber based beam

splitter P04 of the OUT 101 can also be replaced by @ fiber dased streulator, s%iterz}zﬂe%}x both the
OUT detector 128 and the beam sphivier 130 might be moved iogether as npposed to the reference
reparn modale 136,
IB084] Figure 4 shows another allemative smbodiment for combirung the OCT beam 114 and the
UF fight bwam & In Figare 4, an OCT 156 (which can include either of the configurations of OCT
H30 or 101} is configured such that an QUT heam 134 ouiput h},f the GCT 136 s coupled to the UF
Hohd beamt 6 aller the z-sean device 40 using o beam combiner 132, In this way, the OCT beam 134
avoids using the 2-scan device 40, This allows the QT 156 to possibly be folded st the beam
more easily and shortening the path length for more stable operation. This OCT configaration is at
the expense of an optimized signal return strength as discussed with respect 1o Fgure 1. There are
many possibilities for the configuration of the OCT nterferometer, inchuding time and frequency
domatn approaches, single and dual beam methods, swept source, ete, as described in US. Pat. Nos,
S, T4R.BOR: 3 TR 350, SASR570; 6,111,645; and 6,083,613, for example.

[3035] The system 2 can be set to locate the surface of the capsule and ensure that the hght heam &
will he focused on the lens capsule at all points of the dexired opening. Imaging modalitics and
techniques deseribed herein, such as tor example. Optical Coherence Tomography (OUT), such as
Purkinje fmaging. Schemmptiug imaging, confocal or vonlinear optical microscopy, Huoresvence
imaging, ultrascund, structured light, stereo imaging, or other known ophthalnne or wedical imaging
modatities andfor combinations thereof may be ased 1o determine the shape. geometry, perimeter,
boundaries, and/or I-dimensional location of the lens and lens capsule to provide greater precision to
the aser fovusing methods, including 2D and 3D palterning, Laser focusing may also be
accomplished nsing one or more methods including direct observation ot an ain‘aing beam, or ather
known gphihalmic or medical imaging modalities and combinations thereof, such as but not imited
10 those defined above.

{1056 Optical imaging of the antertor chamber and lens can be performed on the lens using the
same faser andfor the same scanner vsed o produce the patterns for cutting. This sean will provide

information abonyt the axial oeation and shape (and even thickness) of the anterior and posterior lens

i
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capsule, the boumdaries of the cataract nueleus, a3 well as the depth of the anterior charaber. This
information may then be loaded int the laser 31 scunrong systent or used to generate a three
dimensional modelrepresentation/image of the sntertor chamber and fens of the eve, and used 1o
define the patterns wsed fn the surpical procedure,

HIB57] The ahove-described systems can be used to create bubbles within the anterior hyalnd
vitreons of Berger's space. By creating a Jayer of bubbles, Berger's space can be expanded, thereby
separating the pesterior capsule from the anterior byaloid surface so that a posterior capsulotomy can
be performed on the posterior portion of the Jens capsule with reduced risk of compromising the
anterior hvalotd surface.

10038 Figure 5 shows a schenatic representation of the anterior chanaber, lens, and anterior vitreous
of the wve. The eve includes a lems 412, a lens capsue 402, an anterior cornea surtace 418,

stroma 416, a posterior corneal surface 420, an optical axis 432, an iris 414, and a byalowd
membrane 425, The space betwean the posterior lens capsular surface and the hyaloid membrane i«
the capsulo-hyaloidal interspace, alse known as Berger's space, This vegion ts filled withan
agueons Hauid that is fess viscous than the denser, more gelatinons vitreous humor. 1o accordance
with many embodiments, bubbles can be produced within the antetior hyaloid vitreous of Berger's
space using, as non-fimiting examples. the pulsed laser systems deserbed ahove,

JO039] Figure 6 s a schenatic representation of using a faser to form a bubble within the aatenior
hyaloid vitreous of Berger's space. In this example, the laser beam 6 s focused 1o a point to cause
dicleetric breakdown and fhrm plasma 432, The plasma 432 results in a cavitation bubbic 434,
which car persist for as long as howrs, especially if unperturbed. The cavitation bubble 434 causes
the hyaloid membrane 423 to be displaced to form the shape as itlustrated by a displaced hyaloid
membrane 4237 As can be seen in this example, the formation of a bubble In a single locationt can
displace the hyalnid membrane such that i1y further away from the posterior portion of the leny
capsale 402 in the vicinity of the solitary bubble location, but actually closer to the posterior capsule
outside of that vielnity, Dnoe established, a bubble will not provide fur efficient further expansion
via cavilgtion due to the lack of available mags within the gas of the bubble as opposed to that of the
Hquid used 1o oreate it The beam 6, however, can be relocated using scanming systems 40 & 5o
produce hubbles elsewhere and ereate a broader and/or deeper bubble layer o further increase the

volume of Berger's space.
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100681 Figure 7 shows an example of the results of such a scanning operation. Here, the beam 6 {nit
longer shown} bas beer yranstated using scanners 40 & 3¢ {also not shown in this rendering} to
generate # laver of hubbles 434 that further expand Berger’s spagce.

(0061} Tn many smbodiments, the patient can be treated in a supine position so that the gas
senerated subsequent to the Jaser ereation of plasma and resaltant cavitation rises to the posterior
capsule. The rising bubbles serve 1o Ruther separate the posterior capsule from the anterjor byaloid
surface.

{04662] Figure § Dlustrates a method 300 for perforning laser-assisted surgery on ap oye, in

accordanee with many embodiments. Any suttable system can be used o practice the method 300,
including any suitable svsien described herem and knewn 1o a person of ordinary skill in the an.

{B063] In act 302, o laser is wsed to form a pluratity of bubbles within the Berger's space of an eye ©
increase separation between the posterior postion of the lens capsule and the anterior hyvaloid surface.
In wet 504, after forming the phurality of bubbles, the posterivr portion of the teas capsule i incised.
In many embodiments, the laser is used 1o perform the incising of the posterior portion of the lens
capsile, And in many embodiments, the Taser is used to perform a capsulotomy on the posterior
portion of the lens capsule:
[0664] Any suitable laser can be used to form the bubbles within the Berger's space andior to meise
the posterior portion of the lens capsule. An example of such a suitable system 1§ deseribed U.S, Pat.
App. Ser. Mo, 11/328,970, in the name of Blumenkranz of al, entitled "METHOD AND
APRARATUS FOR PATTERNED PLASMA-MEDIATED LASR TREFHENATION OF THE
LENS AND CAPSULE N THREE DIMENSOINAL PHACO-SEGMENTATION”, Pub. No.
20061193078, the entire disclosure of which is incorporated herein by reference. In many
smbodiments, the laser s configored to envit a pulsed faser beam into a focal point substantialty
aligned with the Berger's space. For example, the pulses of the pulsed laser beam can cach have a
pulse duration between about 10 femtoseconds and about 30 nanoseconds. The pulsed faser beam
can have a pulse repetition rate between about 10 Hz and about 1 MHz. The energy of sach laser
puise of the prlsed laser beam can be between about T micrn joule and about 20 micre joules. The
pulsed laser beam can have 2 wavelength hetween about 300 nanometers and about 1,130
nanometers. When using the laser to form the bubbles. the laser can be irmadiated into a focal point
substantially aligned with the Berger's space by using an operating numerical aperture of bebween

aboat $.005 and abou .3, a focal spot size dlameter betsveen about § micron and about 20 microns,
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and/or with & fluence between about I joules per square centimeter and about 200 joules per square
centimeter,

(0065] Although the above steps show method 300 of treating a patient in accordance with
embodiments, a person of ordinary skill in the art will recognize many variations hased on the
teaching deseribed herein, The steps may be completed in a difforent order. Steps may be added or
defered. Some of the steps may comprise sab-steps. Many of the steps may be repeated as often a3

i beneficlal o the reatment.

3066] One or more of the steps of the method 500 may be performed with the eivculiry as described
herein, for example one or more of the processor or logie circuitry such as the programmable arvay

fogde for field programmable gate arvay. The clrenitry may be programmed to provide one or more
of the steps of method 300, and the program may comprise program instructions stored on a
computer reacdable memory or programmed steps of the logie cireuitry such as the programmable
arvay fogic or the field programmable gate array, for example,
{067] Recitation of ranges of values herein are merely infended to serve as a shorthand method of
veforring individually to gach separate value falling within the range, undess otherwise indicated
herein, and each separate value Is incorporated into the specification as i it ware individually recited
heretn.
HH68] All reforences, including publications, patent applications, and patents, cited herein are
hereby tncorporated herein by reference in their entirety to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in itz
entirety here,
[0069] While preferred cmbodiments of the present disclosure have been shown and described
herein, it will be obvious to those skilled in the art that such crobodiments are provided by way of
example anly, Numerous variations, changes, and substitutions will be apparent (o those skilted 1n
the-art without departing from the scope of the present diselosure. 1t should be understood that
variong alternatives to the embodiments of the present disclosure described herein may be emploved
without departing from the scope of the present invention, Theretore, the scope of the present

mvention shall be defined solely by the scope of the appeaded claims and the equivalents thereol,
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CLAIMS

WHAT IS CLAIMED IS;

1. A method for performing laser-assisted surgery on an eye having a lens capsule, an
anterior hyaloid surface, and a Berger's space between a posterior portion of the lens capsule and

the anterior hyaloid surface, the method comprising:

increasing the separation between the posterior portion of the lens capsule and the anterior
hyaloid surface by using a laser to form a plurality of bubbles within the Berger's space; and

after forming the plurality of bubbles, incising the posterior portion of the lens capsule.

2. The method of claim 1, wherein the laser is used to perform the incising of the posterior

portion of the lens capsule.

3. The method of claim 2, wherein the laser is used to perform a capsulotomy on the

posterior portion of the lens capsule.

4. The method of any one of the preceding claims, wherein the laser is configured to emit a

pulsed laser beam into a focal point substantially aligned with the Berger's space.

5. The method of claim 4, wherein the pulses of the pulsed laser beam each have a pulse

duration between about 10 femtoseconds and about 30 nanoseconds.

6. The method, of claim 4 or 5, wherein the pulsed laser beam has a pulse repetition rate
between about 10 Hz and about 1 MHz.

7. The method of any one of claims 4 to 6, wherein the energy of each laser pulse of the

pulsed laser beam is between about 1 micro joule and about 20 micro joules.

8. The method of any one of claims 4 to 7, wherein the pulsed laser beam has a wavelength

between about 500 nanometers and about 1,100 nanometers.
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9. The method of any one of the preceding claims, wherein the using a laser to form a
plurality of bubbles comprises irradiating with the laser into a focal point substantially aligned
with the Berger’s space by using an operating numerical aperture of between about 0.005 and
about 0.5.

10. The method of any one of the preceding claims, wherein the using a laser to form a
plurality of bubbles comprises irradiating with the laser into a focal point substantially aligned
with the Berger’s space by using a focal spot size diameter between about 1 micron and about 20

microns.

11. The method of claim 1, wherein the using a laser to form a plurality of bubbles
comprises irradiating with the laser into a focal point substantially aligned with the Berger’s
space with a fluence between about 2 joules per square centimeter and about 200 joules per

square centimeter.

12. A system, for performing laser-assisted surgery on an eye having a lens capsule, an
anterior hyaloid surface, and a Berger’s space between a posterior portion of the lens capsule and

the anterior hyaloid surface, the system comprising:

a laser source configured to produce a treatment beam comprising a plurality of laser

pulses;

an integrated optical system comprising an imaging assembly operatively coupled to a
treatment laser delivery assembly such that they share at least one common optical element, the
integrated optical system being configured to acquire image information pertinent to one or more
targeted tissue structures and direct the treatment beam in a three-dimensional pattern to cause

breakdown in at least one of the targeted tissue structures; and

a controller operatively coupled with the laser source and the integrated optical system, the
controller being configured to control the system to form a plurality of bubbles within the
Berger’s space in a manner to increase separation between the posterior portion of the lens

capsule and the anterior hyaloid surface.

13. The system of claim 12 wherein the controller includes a processor and a computer
usable non-transitory medium having a computer readable program code embedded therein, the
computer readable program code configured to cause the controller to control the laser source
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and the integrated optical system cooperatively to form the three-dimensional pattern within the

Berger’s space.

14. The system of claim 12 or 13 wherein controller is configured to direct the treatment
beam laterally within the Berger’s space in directions transverse to an optical axis of the eye

without extending across the anterior hyaloid surface.

15. The system of any one of claims 12-14 wherein the controller is configured to identify
the posterior surface of the lens capsule and the anterior hyaloid surface.

16. The system of any one of claims 12 to 15, wherein the controller is configured to
control the system to incise the posterior portion of the lens capsule subsequent to the formation

of the plurality of bubbles within the Berger’s space,

17. The system of claim 16, wherein the controller is configured to control the system to

perform a capsulotomy on the posterior portion of the lens capsule.

18. The system of any one of claims 12-17, wherein system is configured to emit a pulsed

laser beam into a local point substantially aligned with the Berger’s space.

19. The system of claim 15, wherein the system is configured such that the pulses of the
pulsed laser beam each have a pulse duration between about 10 femtoseconds and about 30

nanoseconds.

20. The system of claim 18 or 19, wherein the system is configured such that the pulsed

laser beam has a pulse repetition rate between about 10 Hz and about 1 MHz.

21. The system of any one of claims 18-20 wherein the system is configured such that the

pulsed laser beam has a pulse repetition rate between about 10Hz and 500Hz.
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22. The system of any one of claims 18-21, wherein the system is configured such that the
energy of each laser pulse of the pulsed laser beam is between about 1 micro joule and about 20

micro joules.

23. The system of any one of caims 18-22, wherein the system is configured such that the

pulsed laser bean has a wavelength between about 500 nanometers and about 1,100 nanometers.

24. The system of any one of claims 18 to 23 wherein the system is configured such that
the pulsed laser beam has a wavelength between about 800 nanometers and 1200 nanometers.

25. The system of any one of claims 12 to 24, wherein the system is configured to irradiate
into a focal point substantially aligned with the Berger’s space by using an operating numerical

aperture of between about 0.005 and about 0.5.

26. The system of any one of claims 12 to 25, wherein the system is configured to irradiate
into a focal point substantially aligned with the Berger’s space by using a focal spot size

diameter between about 1 micron and about 20 microns.
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FIG. 7
00
USING ALASER TO FORM BUBBLES WITHIN THE BERGER'S SPACE TO INCREASE 500
SEPARATION BETWEEN THE POSTERICR PORTICN OF THE LENS CAPSULE AND THE
ANTERIOR HYALOID SURFACE
AFTER FORMING THE BUBBLES, INCISING THE POSTERICR PORTION OF THE LENS 504
CAPSULE -

FIG. 8
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