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Transverse section through sclera. The lamellae forming the bulk of the sclera are denser
and more irregular in outtine than in the cornea. Episclera is less dense than the deeper scleral lavers. The
farmina fusca portion of the sclera contains some pigment (asterisk) that migrated from uvea. Sclerocyles
{like keratocytes), which are swollen in the microgragh, are not as numerous-as in the cornea. Rat: X 4,000

Fig. 5A: Sclera Ultrastructuree: Scleral Subsurface
3D Pore Creation approx. 400um diameter
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Sclera Stroma
EpiSclera (Substantia propria)

N

High magnification of collagen Tibars in the episclera. High magnification of collagen fibars in the scieral

Collagen fibers, here section fransversely, arg of a substantia propria. The transversely sectioned
relatively uniform diameler aibeit not as thiform as cotlagen fibers from theis scieral region show
found in teh corneal stroma. Some elastin is present distinctly graater variation in caliber when compared
among the cailagen. Rabbit to those in the episclera. Elastin is noticeable also

in this part of the sclera. Rabbit.

=
N

Lamina fusca

R

Transverse section through the scleral-choroidal interface. The lamina fusca of the
scléra consists of famellae of collagen fibers (S}, sclerocytes and melanocyles (asterisk).
The suprachoroid is formed of fibrocyte processes {arow) organized in a paraliel manner

and melanocytes (riangle), Primate: X 5.000

FIG. 5B
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OCT bearn colinsar with treatment
laser hefors ablative pulse (x)

/

Selera Thickness
|
[

a(x

Puise ensrgy for the next pulse (x+1) has an-expected micropore depth. If
readings after the pulse do not increase as expected an out of range result
can be communicated to the system cantroller. di+1) >=1d{¥)

OCT heam s significantly
smaller diameter than
the treatment laser (25%
10 75% of the diameter)

0OCT beam position before
next ablative pulse (x+1).

)

Eye moved after

; dp1)
previous pulse

Fig. 6: Depth method to monitor eye
motion between pulses of ablation
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intensity
!

.
0CT |

————— = Disfance

Sclera

Befare ablation freatment GCT signal provides top surface of eye
and the inside surface of the Sciera. Selera thickness {d1 can be calculated)

intensity
|

47— a2
oCT 1
{aser

w- Distance

d2
Sclera

After ablation of & single laser pulse, the OCT signal provides bottom surface of the micropore and the inside
surface of the Sclera. Remaining Sclera thickness (d2) can be calculated, expressed as a % of total thickness.

Figure 18: OCT Depth method to measure
pore depth and scleral thickness
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Example of B-scan capabilities of the System

-
B

Fig. 31: OCT/DC (single line scan) over
micropores to create OCT data and images
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OCT bearn colinsar with treatment
laser hefors ablative pulse (x)

/

Selera Thickness
|
[

a(x

Puise ensrgy for the next pulse (x+1) has an-expected micropore depth. If
readings after the pulse do not increase as expected an out of range result
can be communicated to the system cantroller. di+1) >=1d{¥)

OCT heam s significantly
smaller diameter than
the treatment laser (25%
10 75% of the diameter)

0OCT beam position before
next ablative pulse (x+1).

)

Eye moved after

; dp1)
previous pulse

Fig. 33: OCT Depth method to monitor
eye motion between pulses of ablation
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DC 0CT signal: 2019-08-22-16-58 1=300 A, t=100 s, =50 Hz, pulse #3
| d

dist = -0.05 mm | fhresh. =f — Initial Meassurement
, : — Meas. #1,1=0.00s

dist = -0.07 mm | #hresh. = max-21  —— nitial Meassurement
BPIIIIIIIII MR I e 42 12030

ik
50— , :
dist = -0.10mm | fhresh. 5 max-21  —— nitial Meassurement

LAk S ) N —— — Meas. #3,1=067 s

— Initial Meassurement
— Meas. #4,1=1.00s
i

— Initial Meassurement
— Meas. #5,1=1.33s

dist = -0.11 mm ' thresh. = max-21 —— Initial Meassurement
HpIIIIIIIIIY hliaes - —— Meas. #6,1=1.67 S

distange inair/ mm

Fig. 34A: OCT Depth Control Signal with Porcine Eve:
3 pulses - d=0.36 mm: A-Scan (Unprocessed data)
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Patient: Pig Eye 2 new,
PigEye 2 new Pig Eve 2 new Disease Operator:
DOB (age): 20/07/2017 (0) Algorithm Version: A6, 1,0, 4 Exam Date; 20/07/2017
i Gender: M Physician:
0D CL-3DCormea SSI=116.1 4.00 x 4.00 Scan Size (mm}

| (3D Displa

D’ay

| @Show Bnd

Diagnosis:

HEE

Report Date: Thursday July 20 17:00:53 2017

Fig. 43A: Scanning OCT image
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Patient: Pig Eye 2 new,

Pig Eys 2 new Pig Eye 2 new Disease Operator:

DOB (age): 20/07/2017 (0) Algorithm Version: A6, 1,0, 4 Exam Date; 20/07/2017
iD: Gender M Physician:

Exit
Play
Record
Reset View

@Cut 3D

O
)
<
<=
=
=
3
o

SLO 3D

Fig. 43B: Scanning OCT image
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Evaluation of the depth of laser ablation by ASCCT.
The margin of the scleral micropores was clearly visibls.

Fig. 44: OCT of Micropores
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Patient: Pig Eye 2 new,
Pigtye 2 new Pig Eye 2 new Disease {Operator:
DOB {age); 20/07/2017 (0} Algorithm Version: A6, 1,0, 4 Bxam Dale; 20/07/2017
ID: Gender; M Physician:
ob CL-Raster SSi=134 1 6.90mm x 5.50mm Scan Size

Display
{@1 page 2 pages

250 um

Diagnosis:

< |>

Report Date: Thursday July 20 16:57:55 2017

Treatment protocol;

8opp @ 10% density;

55 array

Average Thickness Sclera: 400um
Average Depih of Micropore; 185um

Depth Ratio: 46% Fig. 45: OCT Depth Measurement
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Patient: Monkey 5246,

PLEASE LASER OD 7ppp, OS 8ppp Disease {Operator;

DOB (age): 21-07-2017 {0) Algorithm Version: A6, 1,0, 4 Exam Date: 20/07/2017

iD: Gender: M Physician:

03 CL-Line SSi=82.2 8.00mm Scan Length

Diagnosis:

250 um

# of Averages: 32

Report Date: Tuesday August 01 13:57:26 2017

Fig. 46: OCT images showing depth of Micropores
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Eye Tracking system capabie of:
< the pupil, iris, vessels and sclera detection DNN Network
« Feature fracking with focus on features in the iris and pupil only
+ Automatic detection of eys-centers with TOF and automatic zoom on eye fo be trealed by
Moveable Mirror

Moveable mirror

Protective cover glass ™

Bottom structure of laser head

Fig. 47: Eye tracking architecture
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00T/ BC A-scan from the cornea over sclera shows
Schiemm’s Canal and the edge of the Limbus

Schiemm's Canal

, Cornea
Porcine cadaver eyss

B-scan recorded by
changing the angle
af the taser head
from-1°to +1°

0CT resolution, ~100 um

Schiemm's Canal

Schismm's Canal

) Cornea
Porcine cadaver eyes 7

B-scan recorded by
changing the angle
of the laser head
from-1°to +1°

0CT resolution, ~100 um

Schiemm's Canal

Fig. 54: OCT/ DC A-scan from the cornea over
sclera shows Schlemm’s Canal and the edge
of the Limbus at 2 resolutions
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Zones and Sub- 5t Pare
Surface Anatomy =
! y O.Srﬂ{ﬂ from AL
N

{ SM Treatment Area {~7mm

)
\W“\
Zoneg /
TR

238

Schiemim's Canal

Lens

—Zone 4 Ciliary Muscle
Retina

Fig. 55: Treatment position relative to
Schlemm’s Canal and Anatomical limbus
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Moveable Mirror, / \

mqvedto gentef' 1587 Y 450
field of view = -~ \

Eyedistance

Fig. 57: High Magnification Camera System with mirror
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Resolution: 1,680 x 1,050
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manual treatment positioning

Fig. 58: Microscope quality camera images at a higher
maghnification and resolution for inspecting treatment area and
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Fig. 60: Extreme eye movements by Off-Axis Scanning laser, beam

NOT coincident with the visual axis or the pupil
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-
Laser Head Unit

Ralling Table

Headrest

Pivoting
Alignment

Fig. 72: System with Patient Chair -
rolling table or pivoting table or chair
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o 1 n L

000 O{DoD
| —

Housing [I’l

Structure
Z\ 1] . .
— Laser pointing
Laser %4 motors and
caaling — || ] encoders
heat j
exchanger Camera - A
Eye Tracking
5
‘ |
9 | P 1
% —
/s .f Mk
\ 1572 | 5
o
{Hlumination >
\ =
SOUICes Sottorn L %
Laser T
Subsystem 75G 81 AN g 959 81
\\ i 7]{, /_Z Eye Brow
Eye fop (highest point) O N 0 represeniation 1y
—~ \——E 26,61
Eye fop (lowest point) T 4 - - - -
Nose
representation
Note:
Block representations
Angles and dirmensions shown of facial features in
are for reference only the following Figures

Fig. 73: Laser Head positions for
each quadrant around facial features
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User Displays for eya
fixation, gaze points
Ofi-Axis
Treatment axis =
and Visible Laser
Beams {!ighi path Patisnt eye visual axis
representation) Vo {180 degrees from the

(@ treatment axis)

Vertical Centerline

( —~  Camens,

A e Fye Trackin minatinn

fHumination 4 ye lracking !Hgmma\mn
; » ources

Suurces Laser System

\ Off-Axis Treatment axis and Visible
- Laser Beams {light path representation)

Image is-looking up at the underside of the

Laser Head System, without covers to show
some functional compaonents

Fig. 75: Bottom view of the Laser Head complete
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1w =3

/
 / Fixation Point
7
/

t~—Nose

/
Left eye ——C--O—— Right eye

Fig. 79: Swivel and Translation motions
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Eon it | TEEMENT Lo o | | el 1 | 7-Avie fmpmt
Eye position Angle ' Piteh [} | Yaw [7] | x-Ads [mm] | Swivel [} | Z-Axis [mmi
Bengit®t |\ gg | eosg 75894 13699 | 5648 297 94
77mm : .
Feright 02 | oy 623 | 427 19069 | 14306 297.95
7imm
Eye right G3 5 y an RQ 18 2
A, 28 623 | 427 19069 | 21694 29795
DETONGE ) g3 | e | B3| 10099 | 0109 | 31083
{Mim
Fye left 01 e . ;
AN 28 58| 13699 | 12382 297.94
Ty
Eye feft Q2 a | g
i 28 623 | 427 | .19‘969 36,94 20795
Feletll ) o 623 10069 32308 297 95
fmm Riveichd
Eye left Q4 _— o .
A 23 6771 | 583 10099 | 23891 310.83
Eye right Q1 - . i X r
L 25 653 | -308 1071|5358 305.98
Eyeright po17 | )
ohea 28 6217 | -3.19 18202 | 14102 297.96
Eye right 03 o
A, % [627) 519 182.02
Eye right Q4 " Soied gen W
55mm 10 i) a0 7 649 K
BRIl | g 653 | -398 1071 | 12640 305.98
oo
Fye eft Q2 y .y ~ . -
o 28 6217 | 319 18202 | 3898 29796
Eve 16103
DO | eatr | ave | teeoz| aoz| 297
Eye left Q4 16 745 | -401 7649 | 23914 39475
55mm

& 4 i
Max, Difference; 6332 ggg 1 - 2651

See Fig E1 for definition of
Pitch, Yaw and Swivel
Anglesand dimensions shawn
are for reference only

Fig. 81: Details Eye Position per quadrant
and treatment angles shown in Figure E1
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Center of rotation,
vertical axis, fixed

7~ Eya Fixation
axis, visual axis

@24.5
giameter eye

N/ -
i
|
|

Angles shown are typical only

Fig. 82: Laser Focal and Angular Positions in
relation to the top of the eye for off-axis treatment
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Fig. 91: View of treatment area and numbered micropore treatment order
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Fig. 100: Four Quadrant Treatment Positions

for right eye referenced around the limbus
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Treatment laser baam ablation of Un-crosslinking is breaking bonds in microfibrils and fibrils.
individual pores it weakens tissue or allows tissue to be more compliant.

Laser uncrosstinking of sciera microfibrils inside
of the tissue decreases biomechanical stiffness
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Fig. 118: Laser Un-crosslinking Scleral Fibrils & Microfibrils
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Fig. 126A
capabilities - one axis is operated RESONANT (MR-15-30)



Mechanical half angle (°)
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134/148
Actuator Type 4-Quadrant (2 axis, bi-directional)
Mechanical ilt angle DC +25 Xaxis; =25Y axis °
Mechanical tilt angle dynamic +25 Xaxis; +25 Y axis ?
Mirror diameter 15 mm
Genier of rofation to mirror surface 1.3 mm
External diameter 354 mm
Height 145 )
Weight 253 ppm/°C (Max)
Scale difit 78D wrad/*C (Max)
Zero drift 25 rad
Resolution (closed loop) <5 urad
Repeatablility BMS {typicalj 30-100 Hz
Full scale bandwidth 20
Sine wave {+25°) Hz
Small signal badwidth {<+08.1% 350 ms
Large angle stepresponse {20°step) 7.5 ms
Small angle step response (0.1°step) 1.4
400
350
300
250 f
£ |
Q220
150 |
100 |-»
L
50 B Ny
: T T T .......... T ............
0 5 15 20 25 30 35

Fig. 126B: Optical System with Scanner Mirror
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Fig. 136: Speculum
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Fig. 137: Disposable Speculum with Silicone Overlay
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Fig. 138: Speculum
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Figure 2. Transmission of electron microscapy of PRK ablations oncat eyes at 10:000X conesponding to:
A) Q-switched Er: YAG laser shows stightly rough surface (3) with dark and white damage areas {4) within

110 2 pam of the surface, B) Optical parametric oscillator faser. Note the smooth surface (5) with small-damage
zone {6) within only-one-third micron of the surface. C) Long-puise Er:YAG laser: Note the thick damage zone
(1)and praminent white coagulated areas (2) which are 5 to 10 um below the surface. D) Excimer laser. Note

the smooth surface (7). Damage zo0es of less than one-third micron of the surface, simitarto C).

Fig. 139B: Er:-YAG; Q Switched
YAG. Average thickness 5-10um
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