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RIO CAIRO 202 Comparative outcomes of different corneal collagen cross-linking protocols in patients with progressive keratoconus

Comparison  Parameter Number Sample Model (fixed MDISMD {85% CI) R Heterageneaity
of different of sike Versus i P P (%)
protocols studies 5 g random effect) _
CXL {A) Krnax al & rmonther 3 2 141 142 Fed _1B7({-380-016)) 007 0O3A 058 0
versus control AThinnest comeal thicknessat = 2 71 63 Aandom  —223( B2330907) 077 11611 00007 ©
placeto (B) 1 year
TE-GXL {using Kmax al 6 morthsn s 2 55 46 Fixed C-uaa{-a 04-1 EED 046 0061 0OBO O
charmical BOVA, at & monihg™H 4 115 106 Fixed 002 (-001-004) 013 2813 042 0
enhancet, A}  caT ot 5 monthe 4 115 106 Fixed 347 (-1 768700 010 3533 032 15
:’;]'“""m" SE at B montha’= 4 75 68 Fixed 046 213607 000001 0O
SE at 1-ysartan 4 105 98  FAandom TRT-TUSTTY. 062 113 ool 73
COT at 1-year2s™ 4 105 96 Fixed D08 (-490-685) 072 0553 00 0
T-lonioe BOVA at & monthi 5 B& 65  Random -003{-012-005) 043 2441 012 50
{enhancod COT & & moeih™® " = ga a5 Fineed =551 (-16 468-5.45) 032 0 38 055 (1]
using T-1onta, gy ot 1.pmartn 2 B3 B5 Fixed 002 (-007-008) 080 061 051 0
;me CCT at 1-yaaren 2  pg &5 Fixed 075(-11.08-1258) 004 0011 084 0O
BOWA at 2 YR 2 BE B5 Fise 000 (=007-0 D‘-H-] o af 0 38 054 (1]
GOT at 2 year™™ 2 DB &5 Fixed 136(-1000-7.38) 076 OB&1 035 ©
AGXL (A)  BOVA at B monjhi 5 153 151 Fuced 001 (-004008) 076 7184 013 44
wersas G-CXL  5E at 6 monthg! 1 a3 B2 G4 Fixnd 005 (-088-108) 083 11172 053 0
Kmax at & montha™" 1™ 5 153 151  HAandom 000(-135163) 000 12834 001 &)
CGT at 6 months™* "= 2 43 40 Fixed 168.20 H.E‘l}ﬂﬂ a0 DO0E 05349 0,047 (1]
Athinnest comeal thickness™™ 2 46 51 Random D09(-135-163) 080 12827 001 69
BOVA at 1 yeafisiam a 106 102 Fixed 003{-008-00%) 033 0372 083 0
COT at 1 ygar= 2 9n 26 Fixed 1490 (-000-2043) 007 0611 044 0O

Kmax=AMaomum loematometny, ECD=E ndofhedsl cefl donsay, BOV A= Best-coreoied viowal aouity, SE=Sphenoal equivalonoo, OLT=Central oomeal thiabnesa,
MO=KMean differenoe, Cl=Confdenoe sitersal, CXL=Cormeal collagen omoss-inkeng, TE-CEXL=Trancepithelial CXL, C-CEL=Cormmentional CEL, A-CXL=Aooelerated

GXL, T-lonin=lomophonests, SMO=Standand mean diference Pl 005 indhcale stalishcaly sgniicant diference. aindoale change from basefins




Reshaping the conic cornea

TREK Rohit
Shetty
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WG PRK CXL

> Kymionis

Cretan
Protocol

J Kanellopoulos Athens
protocol



@ Newborn method?

— Refractive outcome

- Pain
Healing time

Haze
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* TG-PRK (max 50um) then high-fluence CXL ( Athens
protocol)

* tPTK then PRK+CXL (Cretan Plus protocol)

* Selective transepithelial TG-PRK with simultaneous
accelerated CXL (STARE-X)

* Cornea Ray tracing PRK with CXL

RIO CAIRO 2025



[ 45k REMIET

‘Effective optical zone diameter to 5.5 mm from our standard routine of 6.5
mm and partially treated the sphere to not exceed 50mm in planned stromal

removal ‘

Collagen Cross-Linking (CCL) With Sequential
Cornea Volume26,Number7,August2007

Topoagraphy-Guided PRE

& Temporizing Alternotive for Kenaioconus
ta Penetroting Kerotoplasty
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Stability of Simultaneous Topography-
gulded Photorefractive Keratectomy
and Riboflavin/UVA Cross-linking for
Progressive Keratoconus: Case Reports

Bresk: 15 Frompar B2 BB B Ioh- Fenslogenaioes RA D

* Effective optical zone
diameter to 5.5 mm

* ~70% treatment of
cylinder and sphere (up to
70%), so as not to exceed
50 um of Maximum
ablation depth

* MMC0.01% application
for 30 sec
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Athen’s protocol

Eequantial Topography-gulded PRE and CXL for Keratoesnsnicger B Kanollopolos
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PRK CXL

* Laser platform

* Diagnostic equipment
* Ablation properties
— Depth
— Pattern
— Refractive correction percentage
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TABLE 4

Percentage of Haze Reflectivity in Each Corneal Region

After Conventional CXL and CXL+MMC?

Anterior Stroma

Middle Stroma

Posterior Stroma

Time CXL CXL+MMC CXL CXL+MMC CXL CXL+MMC

Baseline 16.66 + 559 16.30 £ 5.12 18.82 + 6.68 18.61 + 6.85 19.18 + 7.60 18.06 + 6.00
[7.78 to 27.68] (7.78 to 27.65] [7.01 to 35.89) {7.01 to 35.89] [9.30 to 42.40) [9.30 to 27.65)

P 852 916 595

1 month 23.15 + 5.91 33.14 + 16.58 21.51 + 6.09 28.45 + 14.09 20.40 + 7.54 27.07 + 16.92
(13.97 to 42.27) [6.54 to 69.73] [11.42 to 39.88) {5.54 to 59.45] [8.14 to 41.04) [0.00 to 58.51)

P .opse 021t 105

3 months 24.18 + b.64 34.09 + 19.30 20.67 + 7.85 30.05 + 17.47 20.37 + 7.77 24.55 + 16.69
(14.97 to 37.31) [13.02 to 64.18) [9.53 to 39.49) (9.58 to 68.42) [4.47 to 34.50) (10.60 to 58.51]

P 014t 020 316

6 months 2256+ 6.14 28.13 + 12.52 20.92 + 6.48 2555+ 12.96 21.03+7.11 2293+ 11.55
{10.79 to 35.56) [6.63 to 48.14) (9.57 to 38.10) [5.69 to 4B.18) (7.82 to 38.12) [6.18 to 43.39)

P 074 41 592

12 months 20.58 + 7.88 27.14 + 12.80 2293 +12.16 24.95+12.72 22.31+12.88 2517 £ 12,61
[2.90 to 38.22) (7.09 to 49.28) (2.87 to 50.30) {7.00 to 51.04) [3.14 to 47.99) [6.70 to 45.15)

P 0490 562 492

CXL = corneal cross-linking; MMC =mitomycin C
*Values are presented as mean + standard deviation [range].
EStatistically significant.




Mitomycin C Application After Corneal
Cross-linking for Keratoconus Increases
Stromal Haze

Shewly T, Awwodd, MG Lily M Gl MTL Cheedd Hedves, MG Al T Db, PRTY:
Tador Telviaan, MIE Inlien Toser; MU Maomaoos Aol Badtoh, M
Emiiio A, Tarpes-fvetto, M Fiarhad Hiofezi, MIE Phid; Bonie Shattyv, M3 PRI

Instead of reducing postoperative haze as in its use
after PRK, the application of MMC following CXL in-
duced more postoperative haze, and therefore should

be avoided. Based on the results of this study, we also
recommend caution in using MMC in combined PRK

and CXL procedures.
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Tomography or topography
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Simultaneous Topography-guided PRK
Followed by Corneal Collagen Cross-linking
for Keratoconus

Dertiger 01 Hminires. S0, PR Geogpos &, Kornadasi MO, WS Geoge A Bousis, Pl
Dmira WL Posmafodd. MO Skeaandm E. Karmnskl, MO Mohaal Magsrsii MO Sonia Yoo, S0
banifd L Palikcars. MO, PD
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* Corneal topography iTrace, PRK Solid-state 1064 Pulzar Z1; CustomVis).
* Customization was based on the corneal higher order aberrations. Use of a
percentage of customization from 0% to 100%.
* 0% would be a conventional laser treatment and 100% a full customized
treatment. Maximum ablation depth was 50 um.
* Topography-guided PRK immediately followed by CXL

Simuitansous Topography-golded PR
Folloveed by Comeal Collagen Croas-linking
For Haratoeoonus
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| CHEW TECHHWIQUE |
Topography-guided Transepithelial Surface il "
Ablation Followed by Corneal Collagen Cross- A
linking Performed in a Single Combined y | 2 et pestep.
Procedure for the Treatment of Keratoconus :
and Pellucid Marginal Degeneration I . I

Mombes of aves

iy = e f el | L AL Chang
g 1, WY Corimsad Woing Lil

Crange msnellen lines of visml nouiry

* IVIS topography-guided

* CIPTA software custom ablation system, refraction, corneal elevation data,
and pupillometry data

* Ablation that transforms the actual corneal shape into a regularized
aspheric shape

* Minimal ablation strategy, maximal reduction of the irregularities with the
least possible amount of tissue consumption

RIO CAIRO 2025



Brecisio

iggh Dfrison Gorpis Ferograpiy

Antirior Avisl Pewir Mig

B s b OOMEE b B VRO P Lol e 4 DG P
ren Fimn N0 DI e AT THG  Ofs A FDQR

Yeren Viaw HLYCCSGH TT i e AT RBOHRIE . Os 0 BICARET

RIO CAIRO 2025

Adaptive Refractive Maps
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Simultaneous tomography-guided trans-epithelial PRK

OZ of 7 mm for central cone

6.5 mm OZ for peripheral cone.

Epithelium removal of 55 to 65 um, stromal ablation 50 um,
maximum correction of coma aberration, limiting spherical and
cylinder correction

Second Step: customized energy pulsed accelerated collagen
crosslinking.
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The importance of
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Fig 4f

Fig 4g
Manifest Refraction TransPRE/CXL Manifest Refraction CXL only
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Ray-Tracing Transepithelial Cxcimer Laser Central Co
Remodeling Plus Pachymetry-Guiced Accelerated Co
Crosslinking for Keratoomnus
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Simultaneous or Sequential

RIO CAIRO 2025



PRK CXL
Simultaneous vs Sequential

Simultaneous PRK CXL Sequential treatment

* More treated area * Removal of crosslinked tissue

* One procedure, less risk of * Avoids undercorrection and
complications scarring

* Better HOA correction?

AIM = minimum depth required for regularization

RIO CAIRO 2025



Comparison of Seguantial ve Same-day
Simultaneous Collagen Cross-linking and
Topography-guided PRK for Treatment of
Heratoconus

Srcduda b Fevs comdbn. WD

* Wavelight customized platform (Topolyzer).

Athens protocol

Mean haze score was 1.2+/- 0.5. Mean CCT decreased from 465
um preoperatively to 395 um postoperatively.

UCVA improved 0.96 logMAR to 0.3. postoperatively

BSCVA from 0.39 logMAR to 0.11 logMAR.

The simultaneous group performed superiorly with a better
BSCVA. spherical equivalent reduction, mean K reduction and
corneal haze score
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CLINEAL R,

Wave Front-Guided Photorefractive Keratectomy Using
a High-Resolution Aberrometer Alter Corneal Collagen
Cross-Linking in Keratoconus
o At Kb, B SRS oo Shatal e Bacdan, W ORENERD T S W MR, SDFE

FEaRT Ummakin MO E Makamet LUtk WEL LT e im0
Fopinis A, MNaealia, M0 FaE
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Chulzapmees al Srwlbaneoas g Segeenlsl Droes-
nkmg Witk Excimer Lasor Swfanz Ablatlendn
Laratosanics

*The sequential group showed greater improvement
in CDVA, SE, and refractive astigmatism.

*Corneal haze was frequently reported in all
protocols.

*Safety and efficacy indices were highest when CXL
was performed before excimer laser

RIO CAIRO 2025
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Continued Long-term Flattening After
Corneal Cross-linking for Keratoconus

Inger Heleen Noor, MD; Theo G. Seiler, MD; Kai Noor, MD;
Theo Seiler, MD, PhD

ABSTRACT

PURPOSE: To report 3 cazes with continued long-term flattening
after comeal croas-finkng (CXL) for keratoconus and o determineg
its prevabance,

METH 5.

RESULTS: Three eves of three patients presented with an ongoing
carneal flattaning over 10 vears after CXL in the absance of cor-
nezl apacites. OF the initisl 433 eyes treated with XL betweean
2006 to 2007, only 45 eyes compéated the 10-year follow-up

W prevalence of 6.7%.

CONCLUSIONS: Besides continuous fiattening due 1o scars and
itense early flattening, a third entity of continuous flattening can

o nbeorinsd sftar O Oantica e lndtarm flattanino afae O%

REPORT

Corneal cross-linking [CXL] tries to reversa this soft-
ening effect by inducing new chemical bonds within
the extraceliular matrix." The clinically accepted pro-
cedure includes ultraviolet light and riboflavin as a
photomediator and results in halting keratoconus pro-
gression in more than 90% of the cases™ with a low
rate of complications.'' In a minority of treated eyes,
corneal flattening occurs as a slde effect’™!? within the
first vears after CXL, stabilizing after 1 to 3 years, 1415

In this series, we present 3 cases with continuous
flattening of the cornea during follow-up of up to 12
yvears after CXL.

CASE REPORTS
Between 2005 and 2007, 433 eyes with documented
eressive keratoconus were treated with CXL at the
InsNtut fiir Refraktive und Ophthalmo-Chirurgie (IROC,
iplch, Switzerland) and the Silmalaser Eve Clinic
allinn, Estonia), Inclusion criteria for the current
study were a follow-up period of 10 vears or more, no
additional corneal operations such as additional CXL or
refractive surgeries, and no complications of CXL such
a= drarring or infaction. At that Hime the CXT nrocadime




Customised PTK




TREK

Ablation ¥ :
Depth: | 70 pm Vv 'TTEHSPTg.
Sector: [
Outer (mm) I™ Inner (mm)
Long axis: 348 @ | 0*
Short axis: ¥ 319 @ ag °
Offset: Radius: 055 mm
Angle: [4° 5
T “i =~ ~1 e e
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Ablation

Depth: | 61 pm

Sector; [
Outer (mm)
Long axis: 330 @ l 0*
Short axis: ¥ E.Tﬂi@ a0

Offset: Radius: [ 083 mm

Angle: | 250 °

RIO CAIRO 2025

™ Inner (mm)
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* PACE stands for ‘PTK-assisted customized
epi-on corneal cross-linking

stroma) over the cone region by performing an
epithelial map-driven PTK with the excimer laser (not a

normal PTK).
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Personal Approach

* Treat according to
— Coma
— Spectacle Correct VA
— 50um stromal ablation

* Aim to improve Spectacle Correct VA
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Pyramidal wavefront sensing

Peramis diagnostic workstation — Schwind Eye Tech Solutions GmbH
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Male 45

RIO CAIRO 2025

PTK +ACXL
11

PRK +ACXL
67

PTK+PRK+ACXL
13

Mean follow up
4.2 years

Female 90




Click to add Title
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1-year post-op | Final follow-up | Change p-value
Kmax
MeanSD | 49.3+4.8 48.7+4.7 -0.6+1.7
Median, IQR | 48.9,5.8 48.3,5.8 -0.4,1.4 <0.001
Kmin
Mean+SD | 37.3+4.4 36.8%4.6 -0.46%1.9
Median, IQR | 38,4.8 37.5,4.95 -0.4,1.5 <0.001
Thinnest
Mean+SD | 436.4150.2 430.9+58.4 -5.5+20.0
Median, IQR | 440,67.5 440,78.5 A 175 <0.001
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CDVAdif by CXLtech
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A ki lal

maxkflat by CxLtech

=il FE'!.-':.I AL

RIO CAIRO 2025

CxLtech
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COVAMIf

Kruskal Wallis
P=0.00928

CXLwvs PRK CXL p=0.011

Other p>0.05

CXL PRE+CXL PTK+CXL PTK+PRK+CXL
CDVAL
Meant5D 0.14+0.19 - 0.0520.1 0.040.07 0.1$0.21
Median, IQR 0.1,0.1 0,0.075 0, 0.04 0,0.1
CDvVA2
Mean#5D 0.12+0.16 0.1#0.13 0.0340.09 0.06+0.08
Median, IQR 0.0, ,0.14 0,0.02 0.04,0.14
CDVA change
Meanz5D -0.02+0.16 0.0510.09 -0.01+0.11 -0.040.21
Median, IQR 0,0.15 0,0.11 70.05 ,0.17

RIO (




Kmaxdif

e

Kruskal Wallis
P=0.06

Dunn Test Bonferroni method
PRKCXLws PTK PRK CXL p=0.044

Others p>0.05

| oL ' PRK+CXL PTK+CXL PTIK+PRK+CXL
Kmaxl
MeantSD 51.515.3  48.644.1 48,4135  46.715.2
Median, IQR  50.6,5.5 47.9,5.8 48.2,3.8 46.3,7.3
Kmax2 |
Mean+SD 50.745.2 A7.8+4.1 47.9+3.7 47.4+4.5
Median, IQR  49.9,4.9 47.4,4.7 47.8,3.9 46.2,6.7
Kmax Change |
Mean+SD -0.7+1.6 -0.841.7 0.742.2
Median, IQR  -0.5, 1.0 0.5,1.8 0.1,0.5

RIO CAIRO 2025




Kminl

Kruskal Walllis

P<0.01

Dunn Test Bonferroni method
CXL vs PRK CXL p=0.0015

CXL vs PTK PRK CXL p<0.001
Other p>0.05

RIO CAIRO 2025

Kmin2

Kruskal Walllis

P<0.001

Dunn Test Bonferroni method
CXL vs PRK+CXL p=0.0032
CXL vs PTK PRK CXL p<0.001
Other p>0.05



CXL PRI+CXL PTK+CXL PTK+PRK+CXL
Thingfﬂitl
Mean+SD | 458+45.7 426+46 464+31.4 395+57.8
Median, IQR | 458,59.5 414, 66 470,22 399,72
Thinnest2
Mean#SD | 456+52.1 418+57.5 459+29.2 391+60.4
Median, IQR | 456,52.2 424,70.5 469, 26 389,67
Thinnestchange | _— T~
Mean+SD7 -1.5+16.1 854241 N\ -4.548.1 -4.1+13.6
Median, IQR | -2, 14.5 -7,21.5 -a,6 -6, 16
\ /
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CXL PRE CXL PTK CXL PTK PRK CXL
Meant5D  Median,IQR | Meant5D | Median,|QR | Meant5D ~ Median, QR MeanisD
CDVA1 [0.142019 01,01  005:0.1 0,008  0.0420.07 |0,0.4 0.1£0.21
COVAZ 0.12+0.15 | 0.095,0.11 0.110.12 0.08,0.14 0.03£0.02 | 0,0.02 0.04,0.14
p | 0.265 <0.001 | 0.66 1
Thinnest.l 45762457 | 457.5,59.5 | 426.0+46.0 | 414, 66 463.8%x31.4 | 470,22 395.1+57.8
Thinnest2 | 456.1152.1 | 455.5,52.3 | 417.5257.5 | 424,705 459.4+29.2 469, 26 391.0+60.4
P 0.281 0.0051 0.07 0.3
} l
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