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Athens protocol, e, a Placido disc imaging device and a Scheimpfug imaging device.
feece Now York University Methods: A total of 181 consecutive patients with keratoconus who underwent the Athens
ool of Medicine: Department of - protocol between 2008 and 201L were studied preoperatvely and at monts 1, 3,6, and 12
pthalmology, NY. NY, U: postoperatively for visual acity, keratometry, and anterior surface corneal irregularity indices.
Two groups were formed, depending on the primary source used for topoguided photoablation,
ie, group A (Placido disc) and group B (ScheimpBug rotating camera). One-year changes in
visual acuity, keratometry, and seven anterior surface corneal irregularity indices were studied
in each group.
Resuls Changes in visual aciy, expressed as the diference between postoperatve and
p acuty were2 po. 10 0.45)for group
Aand 019 020 (1ange 07510 0.30) o goup . IngroupA, KL (at keratomety)changed!
from 45.202p3.782 D to 43.02203.819 D, indicating a Rattening 02.18 D, and K2 (steep
keratometry) changed from 48.6764.066 D to 45.8654.794 D, indicating a Rattening of
2,805 D. In group B, K1 (Rat keratometry) changed from 4621082 D10 43.19054.398 D,
indicating a Battening 03.023 D, and K2 (steep keratometry) changed from 5367210 D to
46.380p5.006 D, indicating a Battening of.394 D. For group A, the index.of surface variance
decreased t05.07% and the index of height decentration6.81%. In group B, the index of
surface variance decreased &8.35% and the index of height decentration3e.03%. These
i thatthe ]
* the OconeO Ratter and more central (index of height decentration) postoperatively.
Conclusion: Of the two sources of primary corneal data, the ScheimpRug rotating camera
(Oculyzer?) for topography-guided normalization treatment with the WaveLight excimer
laser platform appeared to provide more statistically signipcant improvement than the Placido
disc topographer (Topolyzer?). Overall the Athens protocol, aiming both to halt progression
of keratoconic ectasia and to improve corneal topometry and visual performance, produced
safe and satisfactory refractive, keratometric, and topometric results. The observed changes in
visual acuty, along with keratometric Battening and topometric improvement, are suggestive
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GmbH, Wetzlar, German§)which is incorporated into the Fourier analysis of corneal height to quantify the degree of
Alcon/WaveLight Refractive SuiféThe integrated rotating vertical decentration; and the minimum radius of curvature,
ScheimpRug camera acquires up to 50 images in real-timeneasurement of the smallest radius of curvature of the
measurement. The Athens protocol was based on data froamea (ie, the maximum corneal steepnéss)he present

the Oculyzer (group B), so is referred to as ScheimpRugork, 12-month postoperative data were compared with the

guided, or simply O 6, inwhich four data.
averaged for consistency are used for each eye. Linear regression analysis was done to seek possible
follow-up was p between changes in these indices and visual
by subjective refraction, best spectacl d Descrip analysis
visual acuity measurement with this refraction, and sit-lampf tage subgroups, and linear
aswell segment optical were performed with statistics tools provided by

tomography imaging for clinical signs of corneal CRL. ~ Minitab version 1.6.1 (MiniTab Ltd, Coventry, UK) and
Origin Lab version 9 (OriginLab Corplorthampton, MA,
Anterior surface topographic indices USA). Paired analysig values ~ 0.05 were considered to
To measure and monitor topographic changes in keraige statistically signipcant.
metric refraction and topographic geometry, quantitative
(measured aniResults

months 1,3, 6, and 12 postoperatively) was performed usifige meanpstandard deviation subject age in group A at
the Oculyzer II, obtained and processed via the Oculyztite time of the Athens protocol was 31(67.9 (19D57)
examination software (Version 1.17 release 47). For eagbars and for group B was 33(F.3 (21D57) years. Group
eye, four consecutive measurements were obtained and phancluded 16 women and 38en and group B included 42
cessed to test for data repeatability (including topographispmen and 85nen. There was a preponderance of males,
tomographic, and pachymetric mappifio) which is consistent with our clinical experieffcand kera

To this end, in addition to keratometric measurementsconus incidence studiésin group A, 25 eyes were right
specibc anterior surface indices were studied when used@D) and 29 left (OS), while in group B, 69 eyes were right
conjunction with Pentacam camera analysis, developed fand 58 were left.

grading and based on the o .
stages of well as the hanges in visual acuity
assessmerit® Mean preoperative corrected distance visual acuity in

These indices include the following: index of surfaceroup A was 0.650.23 (1.0080.10) and for group B was
variance (ISV), an expression of corneal surface curvatuges3 p0.24 (1.00D0.1Table1). Changes in visuaicuity,
irregularity; the index of vertical asymmetry, a measure of thexpressed as the difference between postoperative and
difference between superior and inferior corneal curvaturpreoperative corrected distance visual acuiy, for group A
the keratoconus index; the central keratoconus index; there 0.12 p0.20 (0.60 to 0.45) and for group B were
index of height asymmetry, a measurement similar to thé.19 p0.20 ( 0.75 to 0.30).
index of vertical asymmetry but based on corneal elevation; Figure1 shows the above data in the form of box plots,
the index of height decentration (IHD), calculated witishowing median and mean values with 95% conPdence

Tablel 3UHRSHUDWLYH  PRQWK SRVWRSHUDWLYH DQG FKDQJH JDLQ ORVV LQ EH

as the difference between postoperative and preoperative corrected distance visual acuity

Preoperative Pnsmpevanve Change (gainfioss)
GoupA  GroupB opA  GioupB GioupA  Groupt
(Placido) SFKHLPS AX ) PackD 6FKHLPSAXJ(Placido) 6FKHLPSAXJ
Vean 06 082 01
Standard deviation w23 w24 .19 w19 1.20 .20
OD[LPXP 1.00 1.00 110 120 0.60 0.75
Minimum 001 001 030 030 045 o
ShapiroBWilk normaliy test 0,100 0049 0100 0010 0100 0054
value
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Introduction Patient inclusion criteria
isa bilateral, study group consisted of 181 consecutive patients with
disorder by ectasia, who underwent the Athens protocol between

andirregular topograplijtis associated with loss of visual 2008 and 2011. In all procedures, performed by the same

acuity particularly in relation to corneal irregulafityand  surgeon (AJK), epithelial excimer-laser debridement and

usually manifests asymmetrically between two eyes in thepography-guided excimer-laser ablation was performed

same patierftt employing the Alcon/WaveLight 408z Eye-Q laséf or
Corneal collagen cross-linking (CXL) using riboRavirthe 500Hz EX500 excimer lasét?®

and ultraviolet A irradiation is an acceptable treatment To be considered for the Athens protocol, the patient had

option for eyes with tomeet g criteria progressive
data suggest that CXL using riboBavin and ultrviolet Aeratoconus, minimum age 18 years, and minimum corneal
imadiation increases stromal collagen bbril diameter, i 300, , previous

ing in increased comeal biomechanical strefigiieveral corneal surgery, history of chemical injury or delayed
clinical reports indicate that CXL halts progression of ectapithelial healing, pregnancy, or lactation were not considered
sia]* improves corneal keratometry, refraction and reducést the procedure. Al patients included in the study underwent
higher-order aberrations. Postoperative complications aae uneventful Athens protocol using the KXL CXL device
infrequent. Our team has introduced several variations ar(dvedro Inc, Waltham, MA, USA), with higher Ruence of
applications of CXLI21 6 mW/cnt for 15 minutes after a bve-minute soak in 0.1%
We have also reported on sequential partial solution (Avedro) and were abl institu
quided photorefractive keratectomy in conjunction withion for at least one-year of follow-up monitoring.
the CXL treatment: which is a promising approach to  The consecutive cases were assigned randomly to receive
improve topometric and refractive outconiésiith good  one or the other treatment. Depending on the imaging source
long-term stability we have introduced andised for topography-guided partial the follow
extensively rep of lasering two g formed: group A (154 eyes), in which
debridement of the top 50 of the epithelium, partial the primary topography data were provided by the Placido
topography-guided excimer ablation limited to removal fisc imaging device, and group B (1127 eyes) in which
amaximum of 50vh stromal tissue, followed in the samethe primary topography data were provided by a ScheimpBug
session by immediate high-Ruence ultraviolet A radiatioimaging device.
(5, 6, and 10mWicn?) and short-duration (18, 15, and
10 seconds) CXL in a procedure known as the Amerk‘ﬂaglng and measurement
protocol?:2 This technique has already been describethe diagnostic Placido disc device used was the Alcon/
in detail?® WaveLight Allegro Topolyzer® (WaveLight AG, Erlagen,
This study compared the efPcacy of two alternative The Topolyzer is a wide corneal
neal topography data sources used in the topography-guiddiacido system with 22 concentric rings for detection of up
part of this procedure with the WaveLigilcon excimer 0 22,000 elevation points. The Placido ring image is refer
laser platform (Alcon, Fort Worth, TX, USA), specibcallyenced to the cormeal apex and locates the pupil center and the
a Placido disc imaging device and a ScheimpRug imagiigibus. Automatic measuring release ensures that the image
device, by analysis of long-term refractive, topometric, argentration has a peripheral standard deviatiorpofivh

visual rehabilitation changes. The embedded pupil recognition software can measure
pupil centroid shift, allowing centration of subsequent laser
Materials and methods ablation according to the patientGs visual needs. The Athens

This study was approved by the ethics comittee at oprotocol based on topographic data from Tagolyzer
institution, adhered with the tenets of the Declaration d@roup A) is thus referred to as Placido disc-guided, or
Helsinki. Informed consent was obtained from each subjesimply as OPlacido®, in which eight acquisitions averaged
atthe time of i using the Ath tocol or at thier consi are used for each eye.

brst clinical visit. The study was conducted in patients-visit  The Scheimpflug diagnostic device used was the
ing our clinical practice before the procedure and attendidjcon/WaveLight Oculyzer® II. The Oculyzer is a
scheduled post-operative visits. high-resolution Pentacam camera (Oculus OptikgerSte
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Table 2 Anterior and posterior corneal keratometry and topometric indices, as measured in the 8 mm zone for both groups,
preoperatively and 12 months postoperatively

Preoperative Postoperative
Mean ' SD Max Min Mean ' SD Max| Min
Group A (Placido)
Anterior surface
Abw 4520378 521 337 43.02p382 526 318
K2 steep, D 48.67pa.07 592 421 45.86p4.79 508 346
Km mean, D 46,88 p3.60 546 a3 44.37pa1a 545 31
Posterior surface
Abw 6449078 a6 80 639 p0 86 48 85
K2 steep, D 7.28p0.84 59 94 7.40 p0.91 58 101
Km mean, D 6.82p0.74 55 85 685 p0.82 56 92
SIWHULRU VXUIDFH LQGLFHY 1Q PP JRQH
9133 pa250 187 14 86.70p43.01 190 14
m 1,06 p0.54 252 009 1,00 p0.59 269 013
K 1.25 p0.15 172 102 121017 166 093
cKi 1,05 p0.05 130 098 104 p0.06 116 [
1HA 26.19 p19.80 84 050 22.20p18.37 751 33
1HD 0,087 p0.051 0201 0.007 0.064p0.043 0163 0005
sPLQ PP 6.35 p0.70 7.73 503 6,69 p0.71 7.93 496
“URXS % 6FKHLPSAXJ
Anterior surface
ADw 46.21p4.08 607 a6 43.19pa.40 553 305
K2 steep, D 50.77ps.21 77 a26 46.38 p5.01 595 387
Km mean, D 48.36 pa.da 657 0.7 4471458 573 29
Posterior surface
Abw 6.58p0.83 46 90 652 p0.96 33 98
K2 steep, D 7.6 p1.08 58 109 768 p113 56 1
Km mean, D 7.07p0.90 51 98 7,04 p0.98 a6 103
SQWHULRU VXUIDFH LQGLFRY LQ_ PP JRQH
98.14p45.32 208 18 80.13p35.98 169 15
m 1,05 p0.51 245 017 087 p0.46 242 01
K 127 p016 180 097 119015 156 086
cKi 1.05 p0.06 130 090 102 p0.05 116 087
HA 30.95 p20.88 887 03 23.80p17.36 9.3 01
1HD 0,08 p0.05 026 001 0.06 p0.03 0172 0001
sPLQ PP 6.07 p0.79 761 420 6.65 p0.66 788 512
Abbrevations: .69 LQGH[ RI VXUIDFH YDULDQFH 95 LQGH[ RI YHUWLFDO DVIPPHWUI _ NHUDWRFRQXV LQGH[

[RI KHLIKW GHFHQWUDWLRQ 5PLQ VPDOOHVW VDILWWDO FXUYDWXUH 6' VWDQGDUG GHYLDWLRQ

decentration (dePned as percentage change i the paramiifference in outcomes when comparing group A (Placido
with regard to respective preoperative value) are showiisc) and group B (Scheimpfug camera).

in Table3. In group A, the index of surface variance was To expand our investigation further, we formed two-sub
reduced to 5.07% and the index of height of height
to 26.81%; in group B, the index of surface variance watecentration. The distinction was made by arbitrarily debning
reduced to 18.35% and the index of height decentratiothis as OlowO if IHD 0.09, referring to a more centered
to 39.03%, respectively. This negative change is indicativeratoconus cone, and Ohighi  0.09, referring to a

of the corneal surface becoming less irregular (index ef The following subg

face variance) and the OconeO becoming more central (irgtexp A1 (Placido low, n 30 eyes), group A2 (Placido high,

of height atthe n 2 eyes) group B1 (Sche\mpﬁug low, 85 eyes), and

30DFLGR GLVF YHUVXV &ﬁ&ﬁkﬂd&ﬁ%ﬂedﬁ@s&ﬁaé&\ Rindex of height
imaging for topoguided ablation decentration within each subgroup. For group A1, the relative
The above data, ie, changes in visual acuity, keratometry, avatcentage change in index of surface variance W%
anterior surface topometric indices, indicate that there wasd in index of height decentration w&2. 10%; for group A2,
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indicating a change 02.18 D, and K2 (steep) changed from

48.670p4.066 D 0 45.8654.794 D, indicating a change of
2,805 D. In group B, K1 (Rat) changed from 46.348082

D t0 43.190p4.398 D, indicating a change c8.023 D, and

K2 (steep) changed from 50.778.210 to 46.38015.006 D,

indicating a change 0f4.394 D.

Correlation between anterior surface

e rm—— of keratoconus
All eyes in each group were classified preoperatively
according to the AmslerDKrumeich keratoconus severity
index (nil, KC1, KC1D2, KC2, KC2P3, KC3, KC3P4, and
KC4) using the Oculus software. We sought correlations
between all of the te surface
with the above grading stages. The correlation between the
derived severity index and the seven anterior
surface 'di h pldtagure:
The best correlates with keratoconus stage classiPcation
P S were the index of sur'ar.e variance (wlth the exceptmn of the

Fius 1 %R( SORWY RI FRUUFWHG GLVWDQFH YLVXIfiGhesvst OXREPVAIGES L DX0DL, 45

onte b hstoperaore mbcs espesatse covtcies ij,:"gﬂ;ﬁ,anfewanﬁnuex of he.g% necemm\%n Gt lh‘é Exceplmn

20 [awest sage, KCL alott@nalues _0.001).
Notes: 5R[ SORWY DUH VKRZLOQJ P oo wbutao 081 LOWHG &1

Gainfoss invisual acuty

UDQ M BNl UHS ERUGHUOLOH BRIV study, and expressed the measured repeatabilty as the rela
tive percentage change between four consecutive measure
ments from the same eye (lower values indicating better

intervals and ranges. As The results indicate that the indices of surface

the 95% median conbdence inerval ndicates that 95%giance and height decentration were among the best per

eyes in each group had a positive change (stable or betfeFiners, having an average repeatability of 2.73%32%

in visual acuity. for index of surface variance and 4.679.62% for index
of height decentration index

Distribution of keratometric
and topographic indices Postoperative changes in anterior surface
Average, standard deviation, maximum, and minimumW RSRJUDSKLF LQGH
anterior and posterior corneal surface ind tofased on the results, we followed these
metic indices, as measured preoperatively anchgths two indices, ie, index of surface variance and index of
postoperatively in the 81m zone, are presented for botrheight decentration, as reliable indicators of anterior
groups inTable2. Box plots of changes (preoperative versusurface changes induced by the Athens protocol. By their
postoperative values) induced for anterior K1 Rat (top) andspective definitions, a change towards a lower value
steep K2 (bottom) keratometry (in diopters, D) for groupfegative change) is indicative of a trend towards more
A and B are shown iffigure2A and B, The normal corneal and topografihy.
changes induced for the seven anterior surface indices areThe changes induced by the Athens protocol, expressed
reported for the two groups Table3. as the difference between the 12-month postoperative
Anterior surface keratometry showed the following meavalues minus the respective preoperative values are shown
changes (dePned as mean postoperative versus respedtiviigure 4 (changes in index of surface variance) and
preoperative values from the datdable2). In group A, K1 in Figure5 (changes in index of height decentration).
(Rat) changed from 45.2083.782 D to 43.02203.819 D, Relative changes in indices of surface variance and height
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ISV vs keratoconus grading
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Ourclinical obs hichisal d by other

the results of been
anterior surface topometry and topography.

It is known that CXL alone results in a change in comeal
pachymetry, which may not be accurately depicted by Scheimp-
flug imaging because of the procedure used. e, densitomery. In

ddit th

reduces corneal thickness, so any classification scheme which

researchers.* has been that postoperatively, the short-term
(particularly during the first 6 months) refractive, topomet-
ric, and pachymeric results™ can be described as being “in

. with progressive toward:
the one-year assessment, and possibly further on. Because
of this, we chose to select and analyze the one-year interval

pa y for postopera-
tive assessment. Particularly after treatment (eg, with CXL),
changes in the anterior surface may provide a more pertinent
reflection of changes induced by the procedure

to as “postoperative” data. In this study, we evaluated the
one-year inges in keratometry,

and seven anterior surface topographic indices induced by
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A K1 (fiat) preoperative vs postoperative B K1 (fat) preoperative vs postoperative.

Group A (Plcido)

-—

roup B (Scheimpiug)

Figure 2

Kerstometry (in dioptes. D) for

for group B (Scheimpflug),
Notes: Medan eve i indicate by @, aversge by 0, the
bordertine.

box by by he black

Di "

inindex of
~5.35%and in index of height decentration was ~29.05%. For
group BI. the relative percentage change in index of surface
variance was ~13.54% and in index of height decentration
was ~32.82%; for group B2, the relative percentage change i
index of surface variance was ~20.36% and in index of height

1.19%.

of box plots in Figure 6, and are tabulated in Table 5.

The options available to clinical investigators for clinical
assessment and evaluation of keratoconus and monitoring
of induced postoperative improvement due to CXL proce-
dures include a multitude of diagnostic devices. Coreal
pachymetry”** and analysis of cornea biomechanical
properties*! can also be very significant in the keratoco-

nus assessment, although the long-standing standard for

‘Table 3 Changes induced in seven anterior surface indices for the two groups

isv WVA@mm) K cKi IHA@m) __ IHD(um) __ Rmin (mm)
Group A (Placido)
Relative change —s07% —se5% —320% -l 1524% “2681% 218%
Mean change. 4630 -0060 -0040 ~00is. 3991 o023 0139
0 216617 10225 40066 10085, 421,003 0027 20263
Maximum 2 045 007 06 0023 131
Minimum 50 074 023 027 575 0102 028
Group B (Scheimpflug)
Reltive change —1836% —1664% —624% 324% 2310% 39.03% 964%
Mean change. 18016 0175 0079 0034 7150 0035 0585
0 420687 40253 40073 40042 +17.087 0036 20409
Maximum 38 04 008 006 377 0017 193
Minimum & -095 043 o2 6.1 0213 -on

140 the respectiv preoperace value.

Abbreviations: ISV, index "
1HD, ndex of

1390 e e
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Figure 5 Box ploc describng changes (preoperative versus postoperstve
Scheimplug

vilues) induced for IHD for the two groups top. group A, Plcdo; borzom, group B.

postoperative changes in CXL using the topometri

indices  topography data. Based on our analysis, group B, for which

of surface variance and height decentration may prove very  primary topographic data were provided by the Oculyzer II,

helpful in clinical practice.

Our study indicates that the outcomes of the Athens  the primar ic data for which were p ih

protocol used for keratoconus stabilization and visual rel
bili

ha-  Vario Topolyzer, a Placido topographer, showed a greater

ion appear o be better when using Scheimpflug-driven  reduction in keratometry, as well as the two anterior surface

Data (HD valuss)

Data (HD valuss)

Data (HD valuss)

Data (HD valuss)

[~ posspsive

Prcpars e

Figure 6 (A) Box piot descrling preoperstve versus postoperative changes in HD induced for the subgroups. Top, group Al (Pacido low) ndiating les sfected

Keratoconic eyes:; botzom, group A2 (Pacido high) indcatng more afec

ced keratocoric eye. (B) Box plot describing preoperatv versus postaperatve changes in IHD

induced for the subgroups. Top, roup BI (cheimplug ow) indicting les afected kerstoconic <yes; botom, group B2 (Scheimpii high) ndicating more afcted

Kerstoconi epes.
Note:

‘Abbreviation: D, index of heigh decentratin.
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Table 4 Two-sample t-test results, not assuming equal variance,
between the keratoconus grading subgroups (KC1, KC1-2, KC2,
KC2-3,KC3, KC3-4, and KC4) for the topometric indices of ISV
and IHD as measured preoperatively

the Athens protocol, and investigated for associations with
visual acuity outcomes.

Our results indicate that the minimum radius of cur-
vature, defined as the inverse of corneal steepness, was
increased postoperatively in agreement with the decrease
in anterior surface keratometry**** (Table 2). As such, the
improved one-year improvement observed for corrected
distance visual acuity (Table 1 and Figure 1) can be justi-
fied, because the anterior corneal surface attains a more
optically manageable refractive shape. The values of all
other six topographic indices were reduced in comparison
with the respective preoperative values, indicating corneal
surface improvement. The postoperative reduction noted
in some of these indices has been reported only recently.”
These changes are all indicative of improved corneal
topography (ie, eduction of rregularity, cone becoming less.

Extimate for  95% Cl for Pualue
Klversuski-2 1031 (735.1327) <0001
Ki2versusk2 2184 (178,258 <0001
Kowersuska3 2102 (17.02,2503) <0001
K2 3versusk3 203 (1688,2372) <0001
Kversus K34 437 @7.79.4962) <0001
Kidversuskd 61 (141,1078) 0026
HD

KiversusKI-2 001255 (000474,002035) 0003
Ki2versk2 002411 (00152,003300) <0001
K2versus ka3 002012 (001038,002985) <0001
K2 3versus K3 001856 (0.00836,002876) 0001
Kiversus K34 004487 (003165,005808) <0001
Kidversus K4 00888 (00610,01166) <0001

D, ndex of

o
,confidence ol

steep and more central) in agreement with other studies.
Therefore, it appears that quantitative assessment of

15V preoperative v postoperative (group A, Placido)

18V prooperativevs postoparaive (group B, Scheimpfiug)

st 1V valuss)

v Phcido; B Scheimpieg.

‘Abbreviation: SV, index of surfsce varince.
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ORIGINAL RESEARCH

Introduction of quantitative and qualitative cornea
optical coherence tomography findings induced
by collagen cross-linking for keratoconus: a novel
effect measurement benchmark

A John Kanellopoulos'? Purpose: To introduce a novel, noninvasive technique to determine the depth and extent of
George Asimellis' anterior comeal stroma changes induced by collagen cross-linking (CXL) using quantitative
'T) post-ops

Laservision.gr Institute, Athens,

Greece; New York University Medical  images.

School, New York. NY. USA Setting: Private clinical ophthalmology practice.
Patients and methods: Two groups of coreal cross-sectional images obtained with the

OptoVue RTVue anterior-

of unoperated, healt
group consisted of k

cgment OCT system were studied: group A (control) consisted
hy corneas, with the exception of possible reffactive errors. The second
eratoconic comeas with CXL that were previously operated on. The two

groups were investigated for possible quantitative evidence of changes induced by the CXL,

and specifically, the

depth, horizontal extent, as well as - of intrastromal

hyper-reflective areas (defined in our study as the area consisting of pixels with luminosity

> Video abstract greater than the meay
corneal stroma.

in +2 x standard deviation of the entire stromal cross section) within the

: I all images of the second group (keratoconus patients treated with CXL) there was

of the horizontal hyper-reflective area ranged from 4.42% t0 99.2% (56.2%  23.35%) of the

comea image, while

the axial extent (the vertical extent in the image) ranged from 40.00%

10 86.67% (70.98% + 7.85%). There was significant statistical difference (P < 0.02) in these

hyper-reflective area
Conclusion:
segment OCT images

oty S e et e
O o vt b i .

Herein,

values compared to the control group, in which, by application of the same criteria, the same.

(owing to signal noise) ranged from 0.00% 10 2.51% (0.74% £ 0.63%).

10 quantitatively assess the depth and cross-sectional area of CXL in the

coreal stroma based on digital image analysis. Mean cross-sectional area showing evidence

f CXL was 3.46% + 1.92% of a 6 mm long segmen.

Keywords: C

Jlinking, kerat . higher fluence

cross-linking, corea ectasia, Athens Protocol

Introduc

Correspondence: A John Kaneliopouios

Keratoconus (KCN) is a degenerative bilateral, progressive, noninflammatory

treet, Athens 11521, Greece disorder characterized by ectasia, thinning, and increased curvature of the corea,
Tel 43021074

B aA and is associated with loss of visual acuity, particularly in relation to high-order
Email ajk@brilliantvision.com aberrations.'
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Table § Changes in ISV and IHD induced in the four subgroups

Isv HD.
Group Al (Placido low)

Relatve 6% “210%
Mean 2900 -ooi
0 17010 40020
Maximum 2 0023
Minimum 50 0054
Group A2 (Placido hi

Relative -s35% ~29.05%
Mean 6792 0038
0 16208 40026
Masximum 3 o013
Minimum 36 0102
Group BI (Scheimpflug low)

Relatve 134 -nam
Mean 808 0016
£ 18339 40020
Masimum B o014
Minimum a8 -0074
Group B2 (Scheimpflug high)

Relatve 2036% —41.19%
Mean 26750 0054
0 18968 10037
Maximum [E 0017
Minimum 8 0213

Notes: Mean chings s derved from the postaperatve minis the preaperatve
vale in each case. Relive change s defned 3 percencage mean change in the
paramecer withregard o respective preoperadve viue

‘Abbreviations: IS, ndex of surace vriance: D, index o halght decentraton:
5D, sandard devition.

topographic indices having the strongest correlation with
keratoconus grading, ie, the indices of surface variance and
height decentration.

This study evaluated a very large number of cases over
an extended period of time, when compared with the current
peer-reviewed literature. The difference in absolute numbers
between group A (Placido disc-guided, 54 cases) and group B
(Scheimpflug tomography-guided, 127 cases) is due to early
results suggesting that the procedure used in group B demon-

for group A. Although different, these numbers and the duration
of foll and permit sensitive sta-

ntial T
in the more irregular and more decentrated anterior surfaces
‘preoperatively (subgroups A2 and B2), reaching up to a—41%
reduction in index of height decentration for group B2.

The above findings may be explained by the procedures
used with the corresponding diagnostic devices. The Placido
disc imaging devices, despite providing a single, snapshot
measurement, are more suitable for measurements at the

peripheral cornea, and have lower reliability for information
atthe corneal center, in addition to being susceptible to error
due to abrupt changes in corneal height. Placido disc imag-

ing attening ar
abrupt steepening changes, and simply measures changes in
curvature, This potential bias of measurement may be one, or
the main, reason for the difference in clinical efficacy seen in
our study. On the other hand, the rotating measurement process
used by the Scheimpflug imaging camera, despite being
sequential, captures images with a fine meshed dot matrix
in the center, providing high-resolution data for absolute
elevation from the large corneal area imaged. The potential
bias here is interference of the eyelid and eyelashes with the
image quality as well as potential bias in thickness measure-
ment attributed to arcus senilis in the peripheral cornea. All
Scheimpflug images used in our treatments are carefully
screened in order to exclude these potential biases.

Conclusion

Topography-guided normalization of extreme cornea
irregularity, such as keratoconus, coupled with higher flu-
ence CXL appears to be achieved with significantly greater
efficacy when the Scheimpflug rotating camera (Oculyzer) is
used with the WaveLight excimer laser platform. It appears
to provide significantly better improvement in refractive,
topometric, and visual rehabilitation when compared with
Placido disc (Topolyzer) topography-driven normalization
and CXL treatments. This Athens protocol, aiming to both halt

normality, topometry, and visual performance, demonstrates
a good safety record with either platform and very effective

refractive, keratometric, and topometric results

Disclosure

AJK s a consultant for Alcon/Wavelight and Avedro. GA
is a consultant for Alcon/Wavelight. The authors report no
conflicts of interest in this work
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OCTaassisted quanitative analyss of CXL in KCN patients

Table | Hyper-reflective area corresponding to meridional
corneal cross section, as measured in the two groups

Group A (control) Group B (KCN)
Hyper- Cross. Hyper- Cross-
reflective  sectional  reflective  sectional
area (pixels) area (%) area (pixels) _area (%)

Men 427 074% 018 3a6%

M 1518 250% 927 880%

Mn 0 000% 121 0.18%

Sudev 374 063% 1105 192%

Abbreviations: KCN. keratoconus, Max. _maximom: Min,_ minimorns
S, standrd deviszon,

patients, and with previous reports.* Of the 94 eyes included
in the study, 47 were oculus sinister and 47 were oculus
dexter. Mean postoperative time since CXL operation was
17,65+ 20,83 months, with a range of 1 to 72 months.

Most patients enrolled in the group had bilateral CXL
operation, and thus both eyes were included in the study,
while in some patients only one eye was included in the study.
For some patients, images from more than one visit were
included in the study (separated by at least 3 months).

The OptoVue RTVue (OptoVue Inc, Fremont, CA, USA)
AS-OCT system was employed in the study. Using
the L-Cam lens, a 6 mm long Hi-Res Cross Line Scan,
centered at the pupil center along the vertical meridian,

was recorded. The meridional cross-sectional images

10%

CXL area (%)
E

were processed with the RTVue software (version 5.1.0,
processing algorithm AS, 1, 0, 90). The software averages
up to 32 successive acquisitions. In our study, we included

images consisting of at least five averages.

Our novel investigation technique
All images from both ated for possible
quantitative evidence of changes induced by CXL. Evidence

oups were inve:

of such was considered as the existence of the intrastromal
hyper-reflective demarcation line. To search for such a line,
images were loaded into commercially available software,
Adobe Photoshop CS5 Version 12.04 (Adobe Systems Inc,
. CA, USA)

For every meridional cross-sectional image, the pixels

San Jor

associated with the stromal cross-section were selected with
the marquee tool. The area separated by 10 pixels from the
were deselected,
as they are typically of higher luminosity (Figure 1). The

anterior and the exterior corneal surfacy

extent (pixel count) of the selected stromal image area was
determined with the histogram tool report. The dialog box
for this tool also provides the mean + standard deviation of
the luminosity for the selected area.
The hyper-ref

defined in this study as the population of pixels (pixel
count) having greater than the value defines as
luminosity mean +2 x standard deviations, as obtained in

luminos

the previous step.

o 10 2 B

W 50 60 k) 0

Time of post-operative examination (months)

Note: Tho trend line shows tat overtime, this area dminsher.
Abbreviation: CXL. crossinking.

operaion.
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1 linking (CXL)

assess the extent of this area on a large number of patients

ultraviolet-A irradiation is a common technique for tissue  over a large postoperation interval. Our novel technique is

stabilization. * Several studies have shown that CXL is an  based on digital signal processing on cross-sectional OCT
effective intervention to halt the progression of keratoconus  images of corneas, and evaluates quantitatively and, in our

and corneal ectasia.”

Anterior-segment optical coherence tomography
(AS-OCT) is a promising imaging mode providing high-
resolution eross-sectional images across a meridian of
choices that can be employed in KCN diagnosis.** The
most advanced AS-OCT systems invariably employ Fourier
spectral-domain signal processing. As of today, there
are a number of different spectral domain OCT systems
commercially available. !

The ability to provide ional mapping,
in conjunction with the very principle of operation. namely
‘photon back scattering, provides the understudied application
of quantitative assessment of the extent of stromal changes
due to CXL.

time cross

OCT and CXL demarcation line
observations

To date, the efficacy of CXL treatment can be monitored
only indirectly by postoperative follow-up observations, such
as with a Scheimpflug camer
microscopy.*

Inaddition. a corneal stromal demarcation line indicating
the transition zone between cross-linked anterior coneal
stroma and untreated posterior corneal stroma can be detected
inslit-lamp examination as early as 2 weeks after treatment.
In our clinical assessment, the presence of this finding over
the anterior two-thirds of the stroma confirms that sufficient
CXL treatment has occurred.

Following our presentation and the introduction in the
peer-reviewed literature of the use of OCT imaging in order
to evaluate the CXL-induced demarcation line, OCT has seen
some recent interest as a tool for investigating CXL effects,
such as corneal thickness before and afier CXL for KCN,
and demarcation line depth following CXL.'* 2

The principle lies in the fact that although these lines do
not appear to affict vision, as they correspond to changes in
stromal density, they appear as brighter (hyper-reflective)
areas on cross-sectional corneal OCT scans. However, the

2 or with coreal confocal

depth and extent of stromal changes induced by CXL has
been difficult to evaluate quantitatively in the clinic.
The motivation for our study was to advance this

theoryby
Jine depth between the suspected CXL and the deeper cornea
with corneal OCT, but also to attempt to

opinion, free of examiner bias, the extent of CXL changes
in the corneal stroma

Methods

This prospective interventional case series study received

approval by the Ethies Committee of our Institution and

adhered to the tenets of the Declaration of Helsinki. Informed

consent was obtained from ach subject at the time of the
CXL intervention or at the first clinical visit. The study
was conducted in our clinical practice on patients during
their regular clinical vi
postoperative procedure visits (KCN group).

s (control group) and scheduled

Patient inclusion criteria

The control group (50 patients, 100 eyes) consisted of patients
with eyes with unoperated corneas (i
ocular pathology other than refractive error). Mean patient

normal eyes with no

age was 35.2 + 9.1 years (range 19-48), equally divided
between males and females. Before OCT corneal mapping,
1

examination and aphic topography
was performed to screen for corneal abnormalities

‘The second group (47 patients, 94 eyes) consisted of KON
patients previously operated with CXL by employing the
Athens Protocol, which combined same-day phototherapeutic
keratectomy epithelial removal and partial topographically-
guided photorefractive keratectomy normalization of the
cornea ectasia, followed by high-fluence, short-duration
riboflavin induced CXL.*

‘The mean patient age in this group was 28.1 + 7.1 years
(range 16-45 years). There is a bias towards males in this group
(33 males, 14 females), which is consistent with our clinical

experience of the male-female incidence of keratoconic

Figure | (A) Typica comes cros-sections meridan image of  paien with KCN.

(8) The slected
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Fifrs 4 Gl o it CKL comesvih i e of
demuctont

et
‘Abbrevition: XL cross ki

width extent of the corneal cross-section. As shown in
Table 2, on average the extent of the hyper-reflective area
(CXL width) was 483.35 + 200.82 pixels (range, §53-38),
corresponding to an average of 56.20% of the cross-section
width, ranging from 99.19% to 4.42%. Of the subgroup of
78 corneas with more than a 2.50% hyper-reflective
minimum was 12

ea, the

Axial extent (depth) of demarcation
The axial extent of demarcation corresponds to what we
describe as the depth of the CXL effect. The quantitative
assessment is subject to the corneal thickness, which varies
significantly among images. In each image studied, the
corneal thickness was measured in pixels (vertical line total
in Table 2), and was found to correspond to an average
of 61.93 £ 8.18 pixels (max to min, 80-38). Considering
that 6 mm across the image corresponded to 860 pixels,
the 61.93 pixels corneal thickness translates to 4
of thickness.

chindividual

Having measured the corneal thickness of

section, the distance in pixels (vertical line CXL) from the
anterior comeal surface was me
found to be 43,81+ 6.96 pixels (range, 65-30), corresponding
10 305.6 um or 70.98% of the total coneal thickness. The
over time (postoperative) development of the depth of the
area of demarcation, that is CXL area over time, i presented

ured. On average, it was

in Figure 3.

Discussion

By examining high-resolution corneal OCT images, we
encountered statistically different findings between the
treated group (KCN; group B) and the control group (A).

It appears that there is a statistically significant
difference between the control group and the KCN
group regarding the presence of a demarcation line, as
quantitatively measured by the extent of the area of the
hyper-reflective demarcation line, indicating a localized

change in stromal (treated) density over the underlying
(untreated) stroma.

n 72 of 94 cases, the demarcation line area corresponded
sectional area,

to more than 2.50% of the total corneal cros:
with a mean # standard deviation of 3.46% * 1.92%. In the
entire control group A, by applying the same luminosity
+0.63%. We
believe that these pixel counts represent merely signal noise

criteria, the similar arca had a mean of 0.7:

rather than reflect actual changes in

we can ascertain that the demarcation line viewed by OCT
can be a good indication of the extent of collagen density
changes induced by CXL.

Over time, these density changes become less apparent.
‘The trend line shown in Figure 2 has a negative slope (reduced

various degees of demarcaton ine exent
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Table 2 Horizontal and axial extent of hyper-refiective area i~ Results

group B (KCN)
CXUwidth Horizontal  Vline Axial extent %V,

Areal extent (depth and diameter)
of demarcation

(pixels)  extent total
Overall width VinecxL Cross-sectional meridian area measurements had an average
M 48335 s620% o a8l osm%  of 59,183 pixels (£5778), ranging from 80,729 to 39,951
Max 853 9.19% o e 867%  (maximum to minimum). This corresponds to an arca of
Min 38 4a2% B 30 40.00% 2
2,88 min’. Mean luminosity values were, on a grayscale of 0 to
Sudew 2008 2335% 818 69 e 1y £

XL, cross inking: V. vertia: M

i riinom S s vt

Subsequently, after using the histogram tool report again,
the extent (pixel count) of the hyper-reflective intrastromal
area was recorded, as well as its horizontal extent (pixels
across the y axis), and this was compared to the horizontal
extent of the captured image, which was set t0 a standard of
860 pixels across the y-axis.

Similarly, the axial extent (depth of demarcation line) was
assessed and compared to the depth of the corneal section
(vertical line in the image; that is, pixels in the x-a

s) o
which it corresponded.

Descriptive statistics (average, minimum, maximum,
standard deviation, bias, and range

comparative statistics,

and linear regression were performed in Microsoft Ex
2010 (Microsoft Corp, Redmond, WA, USA) and OriginLab
version 8 (OriginLab Corp, Northampton, MA, USA).
Analysis of variance between groups was performed using
the OriginLab statistics tool.

100%

63 % 13, ranging from 89 to 25 (maximum to minimun)
As shown inTable 1, the intrastromal hyper-reflective area
found with this technique for group A (control) had a mean
arca 0f427.25+373.81 pixels (range, maximum to minimur,
1518-0), corresponding to a mean of 0.74% + 0.63%
2.50%-0.00%), e Tl
group B (KCN), in which the mean hyper-reflective area had a
mean of2018.21  1104.70 (range, 4927-121), corresponding
to a mean of 3.46% + 1.92% (range, 8.80%0.18
0,098 mn’ of the corneal cross-sectional area. OFthe 94 cases
examined, 72 had more than 2.50% hype
whereas six were close to and 16 were below this mark. The

b (range,

%), or

flective areas,

o groups were found to be statistically different (comparison
of hyper-reflective area pixel count; P < 0.02). The over time
development of the extent of the area of demarcation; that s,
is plotted in Figure 2

the CXL area over post-operative fim;

Horizontal extent of demarcation
The horizontal extent of demarcation was assessed for the
KCN group and was compared to the standard 860 pixel

so%

a0

0%

Demarcation line depth (%)

20%

Fi of operaton

Note: ime
Abbreviation: CXL cross.inking.
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3 ORIGINAL RESEARCH
Long-term safety and efficacy follow-up of
prophylactic higher fluence collagen cross-linking
in high myopic laser-assisted in situ keratomileusis

Anastasios John Background: The purpose of this study was to evaluate the safety and effcacy of ulraviolet
Kanellopoulos A imadiation cross-linking on completion for cases of high myopic laser-assisted in situ ker-
Laservision.gr Institute, Athens, atomileusis (LASIK).

Greece, and New York University Methods: Forty-three consecutive LASIK cases treated with femtosecond laser flap and the
Medical School, New York, NY. USA  WaeL i bt

corrected spectacle visual acuity, refraction, keratometry, topography, total and flap pachymetry,

texcimer platform were evaluated perioperatively for uncorrected visual acui

corneal optical coherence tomography, and endothelial cell count. All eyes at the completion
er fluence (10 mWienr’)

of LASIK had cross-linking through the repositioned flap, with b

ultraviolet light of an average 370 410 mW/em’ for 3 minutes
0.1%ibofla the flap interface. Mean fol

duration was 3.5 (range 1.0-4.5) years.
Results: Mean uncorrected visual acuity changed from 0.2 10 1.2, best corrected spectacl

visual acuity from 1.11011.2, from 7.5 y

from 44.5 D to 38 D, flap pachymetry from 105 um to, total pachymetry from 525 to 405, and

endothelial cell count from 2750 to 2800. None of the cases developed signs of ectasia or sig-
ficant regression during follow-up.

Conclusion: Prophylactic collagen cross-linking for high-risk LASIK cases appears to be

Video abstract

a safe and effective adjunctive treatment for refractive regression and potential ectasia. This
application may be viewed as prophylactc customization of the biomechanical behavior of
comeal collagen.

e high-risk,
postLASIK ectasia

Introduction

Ectasia is a well recognized and serious complication following la
keratomileusis (LASIK).'* Several risk factors and preventive measure
have been identified and investigated." * A number of treatment modalities have been
 intracomea ing segrment, con-
nking.
We have introduced the concept of collagen cross-linking in post-LASIK

sisted in sity

for ectasia

historically described, and include contact lenses,’

ductive keratoplasty,” and, more recently, collagen cross-

ectasia,”*"* and have had long experience in utilizing novel cross-linking tech-
Correspondence: John Kanellopouios
Laservision r Insttute, 17 Tsocha Street,
Athens, Greece 11521 the concept of linking after LASIK and fi kera-
tectomy, largely as a result of practicing in a patient population that appears to
 a high rate of keratoconus. We have discovered that several patients whom

niques following progressive keratoconus and ectasia. We have also pioneered

Email ajk@brillancvision. com ha
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by 0.02% per month), indicating that the demarcation line 3. Ambrésio R Jr, Caldas DL, da Silva RS, Pimentel LN, de Fr
Impact ofthe wavefront anaysis inrefaction of Keratoconus patints.
Rev Bras Ofialmol. 010:69(5)294- 30 Portuguese
Kosaki R, Macda N, Bessho K. et a. Magnitude and orientation of
Zernike terms n patints with keratoconus. vt Ophhalmol Vis i
0623068

area fades away by postoperative month 12, in agreement
with our clinical findings.'*
The depth of the demarcation line, found to be on

average of 305 pm, is consistent with the accepted notion
that in order to avoid ultraviolet-A irradiation damage to the
corneal endothelium, the CXL parameters are set in a way
that effective treatment oceurs only in the first 300 um of
the corneal stroma."

“The depth of the demarcation line appears, on the other
hand, 1o be stable over time, even after 3 years following
operation, at approximate of the corneal depth
However, a deeper demarcation line depth (relative to the

corneal depth) is associated with thinner corneal thickness, as

m .
the depth of the demarcation line was found to be 83% of the
total corneal thickness.

One clinical example of ineffective CXL action is
demonstrated in Figure 4, in which a case of a cornea
treated in another institution with epithelium-on CXL

asured postoperatively. In the selected 12 thinner cornes

Gikika M, Labiris G, Kozobolis V. Corneal collagen cross-linking

sing iboflainand ulzavioleA iadation: eiew of il and

epeinens ks, ol 2013143003

Dahl B

i snd e i Optometry. 2012:83(1)33-42.

S AR oo et & ot B ol solage

cross-lnking outcomes: review. Open Ophihalmol . 201 1:5:19-20.
iagnosis with optical

Ophthalmolog)

ollagen coss lskin: an

coherence tomography pachymetry mappi
2008,115(12):2159-2166.

LY, Tan O, Brass R, Weiss JL, Huss

mapping by fourier-domain optical coherence tomograpl

+ Opainolog. 201311 s

T arprcad SM. Spectrldomars oical

D, Corneal epithelial thickness
in normal
23

and keratoconic ¢
Kiernan DF, Miel

imaging systems, Am.J Ophthalmol, 2010;149(1):15-
Gl 5%, Bra S, Tain B, G SP Comparison of Schimpfug
imaging and spectral domain anterior segment optical mhm;k

iy for detcction of narrow anterior chambe
(Lond). 2011:25(5):603-61

Keinitz K, Kovies I, Mihiltz K, et al. Comesl changes in progressive
Keratoconus after cross-linking sssessed by Scheimpfu

J Refruct Surg. 20123

technique minimal signs of hyper

“This case, which was not part of the case study, was
presented to our practice with progressive ectasia following
the CXL operation in another practice. Examples of corneal
cross-sectional images examined in the study showing
various degrees of demarcation line extent are presented in
Figure 5.

area

Conclusion

AS-OCT appears to demonsirate reproducible carly
(1 month) and long-term (up o 3 years) CXL cornea findings.
The hyper-reflective line:
density changes or subile intrastromal corne:
novel quantitative and qualitative technique may consttute
a possible benchmark for a noninvasive measurement
o evaluate and itrate the amount, extent, and depth of
intrastromal effects of the CXL treatment in KCN and
possibly cctasia eyes

may represent induced cornea

carring. This
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Uncorrected distance VA at 12 momm and preoperative corrected distance VA
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Percentage of eyes

30%

20%)

10%|

at 12 months. Cornea keratometry was 44.5 £ 2.4 D on aver-
reduced to38+2.1D

Figure 4 shows the keratometric stability of the group dur-

ing the first 24 months postoperatively. Figure § shows

the safety data for the group at the 12-month postopera-

tive follow-up. Figure 6 shows the group efficacy data at

12 months.

100.0%,
97.7%es 1o 97.7%

837%837%

=063 >=05
Visual acuity [decimal]

Mean flap thickness was measured intraoperatively to
be 105 £ 7 jum. Mean minimal cornea thickness evaluated
by Scheimpflug tomography was 525 wm preoperatively
and 455 um measured at 12 months after surgery. Mean
endothelial cell counts were 2750 + 250 preoperatively and
2800+ 220 postoperatively, with the change possibly attrib-
utable to discontinuation of contact lens use after surgery.
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we have treated in the past with LASIK had siblings o
close relatives with topographically or tomographically
diagnosed keratoconus that we did not know of at the time
of the original LASIK procedure. We have also reported
on performing in situ intrastromal higher fluence cross-
linking in progressive keratoconus and corneal edema
facilitated by a femtosecond laser-created intrastromal
pocket. "' We used CXL in a prophylactic fashion in this
consecutive case series.

Materials and methods

Figore |

All patients provided their writien informed consent prior [ o%i0

o reatment,in agreement with the tenets of the Declaration
of Helsinki. These were 23 consecutive LASIK patients
with high myopia and/or myopic astigmatism, defined as
‘myopia > -6 diopters (D) of spherical equivalent. All cases
had a 110 um LASIK flap ereated with the IntraLase FS60
femtosecond laser (Abbott Medical Opics, Irvine, CA) and

Roaon ASK. s s s e

the corneal surface was kept moist with a few drops of
ofloxacin solution.

A bandage contact lens was then placed on the ocular

LASIK ablation using the WaveLight 400 Hz IQ excimer
laser (WaveLight, Erlagen, Germany). Perioperatively,
we evaluated uncorrected distance visual acuity. corrected
distance visual acuity, subjective refraction, keratometry,
Placido disc-generated corneal topography (Topolyzer,
WaveLight). Scheimpflug-generated corneal topometry
(Oculyzer, WaveLight) intraoperative subtraction flap
ultrasound pachymetry (Sonogage, Cleveland, OH), cor-
neal optical coherence tomography (Optovue, W Fremont,
CA), and preoperative and postoperative endothelial cell
counts

Surgical technique
On completion of the LASIK excimer ablation procedure,
a drop of customized 0.1% riboflavin sodium phosphate
solution (Leiters Pharmcy, San Jose, CA) was placed on the
bare stromal bed, and left to soak in for 60 seconds. Special
care was taken not to allow the riboflavin solution to come
into contact with the already folded LASIK flap (Figure 1)
After the 60-second riboflavin soak, the LASIK flap was
reflected into place, copiously irrigated, and ironed with a
Johnston applanator (Rhein Medical, St Petersburg, FL).
Figure 2 shows the LASIK flap repositioned and the ribofla-
vin yellow tinge visualized within the corneal stroma.
Following flap repositioning, the surface was kept moist
witha drop of ofloxacin solution (Ocuflox, Allergan, Dublin,
Treland) and irradiated with 10 mW/em? ultraviolet light
(Priavision, Menlo Park, CA) of average wavelength 370 nm,
for a total of three minutes. No further drops of riboflavin
were administered. During the ultraviolet irradiation phase,

surface and the patient was treated with ofloxacin and 0.1%
dexamethasone solution four times a day for a week. Patients
were followed up on the first day following contact lens
removal. Further follow-up examinations were performed
at the end of week 1, months 1, 3, and 6, and annually
thereafter.

Results
‘The mean age of the patients was 26 +7 years, with 14 being
female and nine being male. Mean uncorrected distance
visual acuity showed an improvement from 0.2 £ 0.2 to
1.2+0.07 logMAR. Best spectacle-corrected visual acuity
o corrected distance visual acuity improved from 1.1 % 0.8
1012409, Spherical equivalent improved from an average
0f~75+25D10-02£05D.

Figure 3 demonstrates postoperative uncorrected dis-
tance visual acuity and corrected distance visual acuity

Figure 2 Fisp is reposicioned, and the rbofavinyellow tinge is vissized i che
comeal stroms prior o appication of highr fluence ulravioet ght
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Prophylactc colagen cross-inking for high-risk LASIK

Figure 7 Anteror segment OCT image of 3 tresed comes
Note: d under
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collagen lamellae i the surface of the corneal stroma. These

changes may create a “controlled” rather than ectasia-like

change of the cornea, making it steeper with time. This

phenomenon may be a mechanical effect on the cornea from

one or a combination of several mechanisms, ie, blinkis

eye rubbing, intraocular pressure pushing from in towards
t

induced by the heartbeat pulse pressure wave in the body, and
eye collagen content in the years following the procedure
In this small study, we established that prophylactic colla-
‘gen cross-linking is safe in routine LASIK cases. We had seen
1o adverse effects or overcorrection in any of our patients,

as a result of practicing in a population with a particularly
high rate of keratoconus™ and after discovering that several
patients whom we have treated in the past with LASIK have
siblings or close relatives with clinical keratoconus that we
did not know of at the time of the original LASIK procedure.
T aLASIK to

nor any significant Ttwould be
interesting to use one eye as a control in a prospective study
in linking, but thi

was ot done i the present study. Technology such as the
Corvis* ST (Oculus, Germany) or the ORA could be used
in controlled one-eye studies, to document the efficacy of

exposure time and the risk of flap dehydration.

In the Southern Mediterranean region, specifically in
our clinical setting in Athens, it would probably be justi-
fied to take measures to prevent corneal ectasia, in addition
to screening for irregular topography and topometry and
ensuring an adequate residual stromal bed (we use 320 m
as the minimum planned residual stroma bed after LASIK)
in patients who are undergoing LASIK for high myopia, are
of young age, and/or have a corneal thickness that would
prompt us 10 do so (original corneal thickness less than
530 ym).

There is no published literature to date evaluating the
effect of prophylactic collagen cross-linking in routine
LASIK cases. As noted previously, prophylactic cross-linking
may offer asignificant benefit, especially in younger patients
with unknown family member corneal status.especially in
younger patients in countries with high incidence of kerato-
conus. The risk of a family member or

link ‘We have recently switched to using the KXL
(Avedro, Waltham, MA) and applying 30 mW/cm? for just
one minute, given that this device delivers the same total
fluence of ultraviolet ight to the corneal stroma and reduces
treatment time, and reduces treatment time. We have since
emloyed yet higher fluence of UV light for this purpose. We
currently tililize the KXL device (Avedro, Waltham, MA)
with settings of 30 mW/cm? for 90 seconds instead of the

10 mW/em’ for 5 minutes described herein.
Of course, one would wonder why there is a need for
link ctasia is an

extremel Nonetheless, ths concept should
be evaluated in larger studies to establish the possibility that
this intervention may offer greater stability of the LASIK
effect, which has shown surprising changes i large propor-
tion of patients in several long-term studies. Almost 10% of
patients who have had high myopia corrected show changes
overa period of 10 years.2** Prophylactic cross-linking may
reduce the possibility of such changes

In general, that one of the major disadvan-

topograohically corneas may be higher and thus an increased
risk for post-LASIK ec
eters evaluated in the specific patient apopear normal. We

ia may exist, even when all param-

‘generally employ prophylactic CXL routinely in LASIK cases
with one or more of the below: a-over 6 diopters of myopia,
b-cases with over 1 diopter of astigmatism, c-patients under

last
is under 520 um. It is our understanding that some of the so-
called LASIK “regressions” may actually be biomechanical
responses to thinning of the cornea and interruption of the

tages of LASIK compared with photorefractive keratectomy
isthe reductions of the biomechanical stability of the cornea.
If one could then establish that biomechanical stability
has recurred after use of collagen cross-linking in routine
LASIK cases, then that would further enforce LASIK as.
the primary refractive procedure because it has a favorable
safety record. is tolerated by patients very well, and enables
arapid return into daily activities. Although not tested in this
small group, it would be interesting to study the potential
difficulty of retreatment in patients who have undergone
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Figure § Sfec daa forthegroup st 12 months.

None of the patients had developed signs of ectasia at a
mean 3.5 + 1.6 years of follow-up. Cornea optical coher-
ence tomography showed signs of hyper-reflectivity sur-
rounding the flap interface in the majority of cases, as seen
in Figure 7.

Discussion
For over 10 years now, we have treated patients relatively
successfully combining cross-linking with laser refractive

anged n sl 065

normalization of the ocular surface, a technique known
locally as the Athens protocol.
known that LASIK reduces the biomechanical sability of the
cornea by intersecting with structural lamellae in the anterior
cornea and, of course, by removing some of the structural
lamellae in lieu of ablation

Although post-LASIK ectasia continues to be an

xtremel we have long

tial benefit of cross-linking at the completion of LASIK to

* As noted earlier, it is well
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LASIK with prophylactic cross-linking. Larger studies and
better follow-up would establish the efficacy and safety of
this proposed novel intervention

Disclosure

Part of this work was presented as a paper at the American
Academy of Ophthalmology annual meeting in San Francisco,
CA, October 24-27,2009, and as a poster at the annual meet-
ing of the Association for Research in Vision and Ophthal-
mology, Fort Lauderdale, FL, May 3-7, 2009, Otherwise, the
author reports no conflict of nterest n this work.
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