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Transverse section through scfera The lamellze forming the butk of the sclera are denser

and more irreguiar in cutline than in the comea. Episclera is less dense than the deeper solesal layers, The
lamina fusca portion of the sciera contains sorne pigmeni (asterisk} that migrated from uvea, Sclerocyles
{like “eratocytes), which are swollen in the micrograph, are ot s numerous as in e comea. Rat X 4,000

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

EpiSclera

High magnification of collagen fibers in the epistlera, High magnification of coltagen fibars in the seleral
Coltagen fihers, here section irangversely, are of d subslantia propria. The Barsversely sectinngd
refatively uniform diarmieter aibeit not 4s Uniform a8 collagen fibers from theis scieral region show

found in ten comeat stroma. Some elastin is present distincily greater variation in caliner when comparsd

among the coliagen. Rabbit to thoss in the spisclera. Eiastin is noliceable alse
in this part of the sclera. Rahbi.

Lamina fusca

Transverse section through fe selerai-chorotdal interface. The laming fusce of the
sclera consisls of lameltae of cotiagen fibers (S), sclerocytes and melanocytes (asterisiy.
The suprachoroid is farmed of fiorocyte processes {arfow) organized in a paraliel manney

and melanoovies {iangle). Primate; X 3.000

Chorold

FiG. 5B
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GCT beam colinear with treatment
faser hefore ablativa pulse ()

/_

Sclera Thickness

Puisa energy for the naxt pulse {x+1} has an expected micrapore depth. If
readings after the pulse do not increase as expecied ar-out of range resuit
can be communisaied to tha system controller. dix+1) »>=d{x}

GCT beam is significantly
smaller diarngter than
the treatment laser {25%

OCT beam pasition before
aext ablative pulse x+1).

10 75% of the diameten)

Eye moved after
previous pulse

a1}

Fig. 6: Depth method to monitor eye
motion between pulses of ablation
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Intersity
|

-
0cT

= {istance
Before ablation treatment OCT signal provides top surface of eye
and the inside surface of the Sclera. Selera thickness (61 can be calculated)
Intensity
|
*r {2
| 0cT
|
Laser |
]| = [istance
|
|

Sclera

Aftar ablation of a single 1aser pulse, the OCT signal provides betiom surface of -he micropore and the inside
surface of the Sclera. Remaining Sclera thickness (d2 ¢an be calculated, expressed a5 a % of tofal thickness.

Figure 18: OCT Depth method to measure
pore depth and scleral thickness
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GCT beam colinear with treatment
faser hefore ablativa pulse ()

/_

Sclera Thickness

Puisa energy for the naxt pulse {x+1} has an expected micrapore depth. If
readings after the pulse do not increase as expecied ar-out of range resuit
can be communisaied to tha system controller. dix+1) »>=d{x}

GCT beam is significantly
smaller diarngter than
the treatment laser {25%

OCT beam pasition before
aext ablative pulse x+1).

10 75% of the diameten)

Eye moved after
previous pulse

a1}

Fig. 33: OCT Depth method to monitor
eye motion between pulses of ablation
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OC OCT signat: 2018-08-22-16-58 1=300 A, t=100 s, 1=50 Hz. puise #3

a
5 , —
_|dist=-005mm | [ivesh 5 max-21 —— Initial Meassurement
25qoomnoIin PR TTT — aas #11-0008
G- ]‘1‘ ’ . ll.,l! 9 Iu?l'l’f\il;:l\d |_\ h : N :]}’
50

— initial Meassurement
Meas. #7.1-0.335

254:
04

50

5 .
) | it_hres_h. = max-21 — Initial Meassurement
254 L2414 PO - Meas. #4,1=1.00

— initial Meassuremsit
— Meas. #6,1=167 ¢

00 o5 10| 19 20 25 30 &5

distance in aif £ mm

Fig. 34A: OCT Depth Control Signal with Porcine Eye:
3 pulses - d=0.36 mm: A-Scan (Unprocessed data)
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Patient: Pig Eys 2 new,
Pig Eve 2 new Pig Eve 2 new Disease Cpeator:
D0B (age). 26467/2017 (D) Moorithm Version: A6, 1,0, 4 Exam Date: 20j07 /2017
10 Gender: M Physician:
Y £L-30Cormez SSI=116.1 4.00 x 4.00 Scar: Size {mm)

30 Display

&@Stow Bnd

Diagnosis:

[ANE

Report Date: Thursday July 20 17:00:53 2617

Fig. 43A: Scanning OCT image

SUBSTITUTE SHEET (RULE 26)



WO 2020/227250 PCT/US2020/031392

48/148
Patieni: Pig Fye 7 naw,
Pig £ye 2 new Pig Eye 2 new Disease Operator:
DOB (ags): 20/07/2017 (D) Algorithm Version: A6, 1,0, 4 Exam Cate: 20/07/2017
i Gender, M Physician:

BACut 30
O30 VYolume

Fig. 43B: Scanning OCT image
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Eval.ation of the depth of faser ablation by ASOCT.
The margin of the scieral micropores was clearly visible.

Fig. 44: OCT of Micropores
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Patient Pig Eye 2 new,
Pig Eye 2 new Pig Eve 2 new Disease Operator:
008 {age): 207072017 (D) Algorithm Version: 46, 1,0, 4 Exar Date: 20007/2017
D: Gender. M Physician:
0D Ci-Raster SSi=1341 £.99mm x 5.50mm Scan Size

Display
{@! page O2 pages

Diagnosis:

L1

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

Treatment pretocol:

Bppp @ 10% density:

55 amay

Average Thickness Sciera: 400um
Average Degtn of Micropare: 185um

Depth Ratio: 46% Fig. 45: OCT Depth Measurement
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Patignt: Mankey 5248,
PLEASE LASER O 7ppp OC 8ppp Disease (Operator;
DOB (age): 21-07-2017 (0 Algorithm Versiom: A6, 1,0, 4 Fxarn Date; 20/07/2017
i Gender: M Phys cian:
0S CL-Line SS1=822 8.00mm Scan Length

Diagnosis.

250 um

# of Averages: 32

No Average

ANE

Repart Date: Tuesday August 01 13:57:28 2017

Fig. 46: OCT images showing depth of Micropores
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Eve Tracking system capabie of;
= ihe pupil, iris, vessels and scieta detaction DNN Network
« Featurs racking with focus on fealures in the iris and pupil only
+ Autormatic detection of eye-centers with TOF and automatic zoom on eve fo be trealed by
Moveable Mirror

Moveable mirror
{

Camera obieclive lens \
|

. e
Protestive cover glass”

Boftom structure of iaser head

Fig. 47: Eye tracking architecture
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CT/ CC A-scan from the cornea over selera shows
Senlemm's Canal and the adge of the Limbus

, Carnea
Porcine cadaver eyes

B-scan recorded by
changing the angle
of the laser head
from -1 1o =1°

0CT resolutien, ~100 um

Schierw's Canal

Schiemﬂ}'s Lanal

) Cornea
Porcing cadaver syes S

B-scan recorged by
changing ihe angle
of the taser head
from -¥to +1°

OCT resclution, ~166 pm

Schierm's Cangl

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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Zanes and Sub-

Surface Anatemy 1st Porg =

&&Tﬁmn%

Lens

oned Cifiary Muscle
Relina

Fig. 55: Treatment position relative to
Schiemm’s Canal and Anatomical limbus
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SN
Moveable Mirror, / \
mgved to c_enterl‘ 4547 / - ¥y 450
field of view —~ \
‘ \

— -Fu=a—

=Y
—
T
(L I
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f |

. S = A0
\ S S
Chiective lens Camea

- @245

Evedisiance

Fig. 57: High Magnification Camera System with mirror
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|.aser Head tinit e
-‘i‘)

Rolling Table

5, : Haadrest
Pivoting
Alignment

Fig. 72: System with Patient Chair -
rolling table or pivoting table or chair
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Housing I"]j D [:] @ ln []:“]
Struc\ture .
/ / \
k\ / = @ l:|' \" ) ..
' = = — - Laser pointing
Laser L= _ X % e motors and
coaling - 0= :ﬁ encoders
heal
exchanger Camera- b 4
Eye Fracking
S :
/] N
9 P i
_ A
/ i1l
! =
i 872 |5

k!
[ilamination

SOUICES '
Bottorm £H

Laser ; y
Subsystem 259,81\ l . // /2593;
. Eye Brow
- | P —_ .
Eye top (highest point) yd _\|§q_]|-/_/— fepreseniation |
A / %

— et 10894 ea—(50)

Eys for {lowest poind)
‘Nose
representation
Note:
Block representations
Angles and dimensions shown of facial fealures in
arg 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

Off-Axis r\\
Treatment axis — \’
and Visible Laser \ A s
_ / A
Beams {light path \ Patient eye visual axis
represantetion) {180 degrees from the

@ freatment axis)

Vertical Centerline

Y  Camera
T vt Eye Trackin A
Hlumrination J I ¥ g [Humination

e -~ Sources
DOUIEeS Laser System

™ Off-Axis Teeatment axis and Visibie
il - Laser Beams {light path representation)

irmage is.lacking up at the undarside of the

Laser Head System, without covers ta show
some functional components

Fig. 75: Bottom view of the Laser Head complete
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Left eye (-0~ Right eye

Fig. 79: Swivel and Translation motions
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Eye position Zﬁf}iﬂ?m Pitch £ | Yaw {7 | x-Adds [men} | Swivel [ | Z-Axis fmm
Fye right 01 - /| wan ’;p ;
A 28 62.58 ///5/89/ 13699 | 5618 |77 007 i/
ERAGRAZ | 623 | -427 | 19069 | 14306 29795
fimim
Eye right 03 5 an o 4
T 28 623 | 427 19069 | 21694 29795
Byeright 04 1 5y 6771 | 583 | 10099 | 30109 310,83
7 {mm
Eye left 01 . SO _ S
AN 28 6258 1589 19899 | 12382 79794
Eye left 02 . 457 o 7
SN 28 623 | -4.27 _ _19@_.09_ 36,94 29795
EAA I B 623 3306 | 29795
77mm SIS
SRl ] s | e | sss | wese | msor| s
fimm
£ye right (" - 20 ,\ o
AN 25 653 | -3.98 1271 5358 305.98
Eye right _ | / .
00 5k 28 5217 | 318 18202 | 12102 29796
Eye right 33 _ A
Al % 617 v 718.98
Eye right (4 ' _ SR
somm 16 TSy (T84S 30086 |
Bele Qi | g 653 | -308 1971 | 19842
hbmm
Eye feft 02 sar | 5 an
A 28 g217 | 218 18202 | 3898 297 96
Eye left 03 5 "
SEmm 28 6217 [ -3.1¢ 18202 32102 297 96
Eye toft 04 s " .
AN 18 745 | -401 7649 | 23014 32475

RN 5517 | <580 i) - 76 81
Max. Difference: =15 | 589 - - -

See Fig £ for definition of
Piteh. Yaw and Swivel

Angles and dimensions shown
are for reference only

Fig. 81: Details Eye Position per quadrant
and treatment angles shown in Figure E1
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Center of rofation,
veical axis, fii(ed

N #12
~— [~ giameter iris
/ ‘H‘x"“w\
| /
._;..ff-‘\/ﬁzﬂ“m/ 7
. Xllr / f

| /K [~/

|/ / -~ Eye Fixation
/ f s, visual axis

Treatment / J /
LAsSer axis

| 0245
diameter eye

Angies 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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Vertical Azis
- of Rotaticn
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PCT/US2020/031392
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£\ _ // N Eye F't;ation
\ \7’ Point

\ /
/
Diameter of by -
-/ - d-E % > ~*7\_ Treatment
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! . " Z
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Fig. 83
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Fig. 95: Anterior Segment 5 Critical Zones
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Fig. 112 - Visual Accuity Comparisons
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Treatment laser bearm ablatior of Un-crosslinking is breaking bonds in microfibrils and fibrils,
indhvidual pores i weakens tissus or ailows “issug fo be more campliant.

Laser uncrosstinking of sciera microfibri's inside
of the tissue decreases biomeshanical stiffness

LaserBeam“\\
.
Split Bzam ~ el Bsarm
o P
o sl peusing Lens
Final Lager e R .-/—
Pixel Beam  eome | STLIT T
AT e _
T ] I; ~—Epidermis .
b P Superficial
~— Demis Jesp

Fig. 118: Laser Un-crosslinking Scleral Fibrils & Microfibrils
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Mechanical half angle {°)
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134/148
Achuator Type 4-Guadrant (2 axis, bi-directional}
Mechanical tilt angle OC +25 X adds; =25 Y axis ¢
Mechanical it angle dynamic + 75 Xaxis, =25 Y axis ”
Mirmor diameter 15 Mmim
Center of reiation o mirror surface 1.3 nim
External diameter 30.4 mim
Height 1£5 g
Weight 783 ppmC (Maxj
Scale difit TBD uragfC (Max)
Zeio grift 25 Lrag
Reselution {closed loop} «h rag
Repaatabliiily RMS {typical) 30100 Hz
Fuil scale bancwidih 20
Sine wave (+257) Hz
Small signal badwidth {<+6.1° 350 ms
Large angle sfepresponse (207 sty 7.5 ms
Srnatl angie step response (0.1 slep} 14
400
Bl e
300
%0 F
L
3 20w
g |
750 R
100 |-»
.
50 B LTy
0 5 10 19 20 25 36 35

Fig. 126B: Optical System with Scanner Mirror
capabilities - one axis is operated RESONANT (MR-15-30)
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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 eleciron micrascopy of PRK ablations on cat eyes at 10,090X corresponding fo:
Ay Q-switched Er; YAG faser shicws slightly rough surface {3) with dark and white damage areas {4} within
110 2 pim of the surface. B) Optical paramelric osciliator [aser. Hote the smeoth surface (5 with smait damage
2012 (6) within only ona-third micron of the surface. C) Long-puise ErYAG laser, Note the thick damage zone
(1} and prominent white coaguiaied areas (2) which gre 5o 10 1om below the surface. D) Excimer laser. Note
the smoath surface (7) Damage zones of 1ess than one-third micron of the surface, similar to C).

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