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In Vivo Three-Dimensional Corneal Epithelium Imaging o]
in Normal Eyes by Anterior-Segment Optical Coherence ™ .
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In Vivo 3-Dimensional Corneal Epithelial Thickness

Mapping as an Indicato

r of Dry Eye: Preliminary

Clinical Assessment

ANASTASIOS JOHN KANELLOPOULOS AND GEORGE ASIMELLIS

! PURPOSE: To evaluate in vivo epithelial thickness in dry
eye by anterior segment optical coherence tomography.
! DESIGN: Observational, retrospective case-control study|
! METHODS: Two age-matched groups of femalg
subjects, 70 eyes each, age 55 years, were studied in
clinical practice setting: a control (unoperated, no ocular|
pathology) and a dry eye group (clinically conbrmed dry
eye, unoperated and no other ocular pathology). Corneg

epithelium over the entire cornea was topographically

imaged via a novel anterior segment optical coheren
tomography (AS-OCT) system. Average, central, and
peripheral epithelial thickness as well as topographi
epithelial thickness variability were measured.

! RESULTS: Forthe control group, central epithelial thick-
ness was 53.0 + 2.jum (45-59 wm). Average epithelium
thickness was 53.3 + 2.7pm (46.7-59.6 pm). Topo-
graphic thickness variabilty was 1.9 * 1.1 um
(0.7-6.1 wm). For the dry eye group, central epithelial
thickness was 59.5 + 4.2um (50-72 pm) and average
thickness was 59.3 + 3.4pm (51.4-70.5 pm). Topo-
graphic thickness variabilty was 2.5 * 1.5pmm
(0.9-6.9 pum). All pair tests of respective epithelium thick-
ness metrics between the control and dry eye group sho
statistically signibcant differenceR < .05).

! CONCLUSIONS: This study, based on very user-friendly,
novel AS-OCT imaging, indicates increased epithelial
thickness in dry eyes. The ease of use and the improve
predictability offered by AS-OCT epithelial imaging may
be a signibcant clinical advantage. Augmented epitheli
thickness in the suspect cases may be employed as an ob)
tive clinical indicator of dry eye. (Am J Ophthalmol
2014;157:63D68. © 2014 by Elsevier Inc. All rights
reserved.)

D

RY EYE IS A MULTIFACTORIAL DISEASE OF THE
tears and ocular surface that results in symptoms
of discomfort, visual disturbance, and tear film

Accepted for publication Aug 29, 2013.
From Laservision.gr Eye Institute, Athens, Greece (A.J.K., G.A.); and
New York University Medical School, New York, New York (A.J.K.).
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instability with potential damage to the ocular surface. It
is accompanied by increased osmolarity of the tear film
and inflammation of the ocular surface."

Dry eye is responsible for significant population morbidity
and is a common clinical problem for eye clinicians. Besides
the significant symptoms and toll on quality of life, it may
present significant challenges in refractive surgery patient

| assessment.” As reported in the peer-review literature,””’
its manifestations may range from episodic and mild

e condition to chronic and severe disease: the disorder can
be presented with any or many symptoms of visual

¢ disturbance and blurred vision, eye discomfort, irritation,
foreign body sensation, ocular surface damage, redness,
excess tearing, and photosensitivity.

Epidemiologic review studies estimate the prevalence of
dry eye disease between 4% and 33%, largely depending,
among other factors, on the diagnosis mode, the geographic
locale,”” age, and sex, being most prominent in the
middle-aged (over age 45 years) female populace.'*""?

Several clinically available modalities may facilitate
in vivo measurement of corneal epithelium, including
high-frequency scanning ultrasound  biomicroscopy
(HF-UBM),"’ anterior segment optical coherence tomog-
raphy (AS-OCT),'* and confocal microscopy through
focusing (CMTF)."”'° In the clinical practice, epithelial
evaluation is limited by the resolution and the variability

d of the ocular surface tests.'”

In pursuit of an objective, repeatable, and quantitative
al clinical test that may aid in the differential diagnosis of
ecdry eye, we introduce the concept of corneal epithelial

thickness as a possible tool in dry eye assessment. We report
herein initial clinical results regarding 3-dimensional
corneal epithelial thickness mapping in dry eye corneas
with a newly commercially available anterior segment
optical coherence tomography system.

MATERIALS AND METHODS

THIS OBSERVATIONAL, RETROSPECTIVE CASE-CONTROL
study received approval by the Ethics Committee of our
Institution  (LaserVision.gr Eye Institute), and was
adherent to the tenets of the Declaration of Helsinki.

brilliantvision.com

0002-9394/$36.00
http://dx.doi.org/10.1016/j.aj0.2013.08.025

New York University
School of Medicine

© 2014 BY B SEVIERINC. ALL RIGHTS RESERVED

Weritten informed consent was obtained from each subject
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Pachymetry Map

FIGURE 1. Representative corneal total thickness maps (left)

and corneal epithelium thickness maps (right) of (Top) a ©Onormal®0

patient from Group A and (Bottom) a dry eye patient from Group B, as provided by the optical coherence tomography system report.

DISCUSSION

THE CHALLENGE OF OBJECTIVE DRY EYE ASSESSMENT HAS
been argued in length. The current options of the clinicg
investigator includes slit-lamp observations, osmolar
test, tear-PIm breakup time measurement, Schirmer la
mation test, corneal and conjunctival staining, meibomia
grading, and Ocular Surface Disease Ind&Research
evidence suggests that clinical dry eye symptoms al
may be insufpcient for the diagnosis and managemen
dry eye, and there is argument for a consensus of ne|
metrics that may better rel3ect the differential discriming
tion of the diseasé®

One such possible elementin diagnosisis overall epithe|
thickness, as well as the topographic distribution of epithel
thickness. For example, atopic keratoconjunctivitis has be
associated with signibcant alterations of the basal epitheliy
and subbasal and stromal corneal nerves, related to
changes in tear functions and corneal sensitivity.

Very little is reported, however, in the peer-review liter
ature on the subject matter of entire corneal area in vi
measurement of epithelial thickness, particularly in rel
tionship with dry eye. This can be justiPed by the fa
that neither HF-UBM nor AS-OCT nor CMTF techniques
have been fully applicable and/or with a commercial

(eg, HF-UBM) employ instrument or RBuid interface
contact with the epithelium. We have not identibed, for
example, reported correlation of dry eye and HF-UBM
| measurements. CMTF has been restricted in this applica-
tytion because of the degraded precision by eye movement
ri-during the long acquisition time; in addition, other avail-

h able clinical evaluation techniques for the corneal epithe-
lium either are invasive or require contact between the
nerobe and the ocular surface, and thus cannot provide

oprecise in vivo measurement of the epithelial thicknéSs.
dn a confocal laser scanning microscopy study in dry
- eye?! the mean superbcial and intermediate epithelial
cell densities in the central cornea in the dry eye groups
iawere signibcantly lower than in normal participants. Dry
aleye corneas showed signibcant alterations, presumably
erattributable to increased desquamation of the superpcial
incell layer.
he Reports on entire corneal epithelium imaging via
AS-OCT, a novel entity, have been also few. In most of
these studies, investigator-modibed software/hardwaie
o or caliper software measurement techniqué$ have
- been employed (for example, by manually placing cursors
t to measure epithelial thickness in each location).
The recent availability of full-cornea corneal epithelial
thickness imaging by AS-OCT potentially presents a prac-

available mode for this use, as well as the fact that so

Vou. 157, No. 1
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ORIGINAL ARTICLE

Corneal Epithelial Remodeling Following
Cataract Surgery: Three-Dimensional
Investigation With Anterior-Segment Optical
Coherence Tomography

Anastasios John Kanellopoulos, MD; George Asimellis, PhD

Three-Dimensional Investigation With AS-OCT/Kanellopoulos & Asimellis

ABSTRACT

PURPOSE: To map corneal and epithelial layer thick
ness changes following cataract removal surgery em
ploying a spectral-domain anterior-segment optical co
herence tomography system.

METHODS: Corneal and epithelial thickness three-

dimensional propble distribution was clinically imaged
preoperatively and up to 3 months postoperatively with
anterior-segment optical coherence tomography in 116
consecutive cases. Descriptive statistics investigated
central corneal thickness, minimum corneal thickness,
and epithelial thickness at the central 2-mm area, the

mean over the 6-mm area, and mid-peripherally at
5-mm ring.

RESULTS: In comparison to preoperative, the center,
mean, and mid-peripheral epithelial thickness at the
brst postoperative day increased by +2.84, +2.35,
and +2.25 pm, respectively (P < .001, <.001, and =
.0014). One week postoperatively, the epithelial thick
ness differences were -1.91, -2.62, and -2.76 um,
respectively P < .001, < .001, and < .001). Four
weeks postoperatively, the differences of -0.20, -0.59,
and -0.66 pm for the center, mean, and mid-periphery
were not statistically signibcant® = .6449, .1512, and
.11097). Three months postoperatively, the differences
were -0.05, -0.28, and -0.09 um, respectively (P =
.8722, .2341, and .6431).

CONCLUSIONS: Qualitative and quantitative assess
ment of epithelial remodeling following cataract removal
indicated that the early (1 day and 1 week) corneal and
epithelial thickness returned to the preoperative base
line 4 weeks postoperatively. This in vivo epithelial and
corneal screening with optical coherence tomography
can be valuable for the postoperative assessment and
follow-up.

[J Refract Surg. 2014;30(5):348-353.]

ne of the most recent applications of anterior-
segment optical coherence tomography (AS-OCT)
is clinical in vivo epithelial layer thickness three-

dimensional mapping. *? Clinical epithelial imaging and
evaluation is a novel application, with ramibcations that are
still being explored. Currently, there is a limited number of
commercially available AS-OCT systems 2 that offer three-di -
mensional epithelial thickness imaging over the cornea, such
as the RTVue-100 (Optovue Inc., Fremont, CA). *

The question of near-term corneal and epithelial layer
thickness recovery following cataract surgery is related to the
postoperative rehabilitation of the affected eye, ref3ecting the
corneal structure changes after the surgery. Little has been
published in the literature on this matter. 4® To the best of
our knowledge, there is no study evaluating epithelial layer
thickness changes following cataract surgery.

This study employs clinical spectral-domain AS-OCT imag -
ing in the evaluation of quantitative and qualitative three-di -
mensional corneal and epithelial layer thickness changes in a
large number of cases undergoing cataract surgery by clear cor -
neal phacoemulsibcation with implantation of an intracapsu -
lar intraocular lens. The study aims to investigate longitudinal
near-term postoperative changes in corneal and epithelial thick -
ness, and the possible association of these thickness changes
with gender and age of patients at the time of the sugery.

PATIENTS AND METHODS
This observational, prospective longitudinal study re -
ceived approval from the ethics committee of our institution
and adhered to the tenets of the Declaration of Helsinki. In -
formed written consent was obtained from all patients at the
time of the prst clinical visit or prior to the surgery.

From Laservision.gr Eye Institute, Athens, Greece (AJK, GA); and New York
University Medical School, New York, New York (AJK).
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INCLUSIONDEXCLUSION CRITERIA

The study group consisted of unoperated, normal
eyes with no current or past ocular pathology other
than cataract, no other previous surgery, no epithelial
defects, and no current irritation or dry eye disorder.
All patients underwent a complete ophthalmologic
evaluation. In all cases, clear corneal incision, phaco -
emulsiPcation, and implantation of an intracapsular
intraocular lens was performed by the same surgeon
(AJK). The Constellation microsurgical system (Alcon
Laboratories, Inc., Ft. Worth, TX) was employed for
phacoemulsiPcation and cataract removal. Ultrasound
energy employed for phacoemulsibcation was on aver -
age 5 J (range: 1.8 to 7.2 J). No postoperative complica-
tions were observed in any case enrolled in the study.

INSTRUMENTATON

The RTVue-100 spectral-domain AS-OCT system
(Optovue Inc.), running on analysis and report software
version A6 (9.0.27), was employed in the study. Data
output included total corneal and epithelial thickness
maps corresponding to a 6-mm diameter area. In all
cases, to avoid potential artifacts (eg, due to possible
drop instillation), OCT imaging preceded the ocular
clinical examination during each visit. All OCT imag -
ing was conducted by the same trained investigator.
The settings were: L-Cam lens, 8 meridional B-scans
per acquisition, consisting of 1,024 A-scans each with
5-um axial resolution, acquired in approximately less
than a second. Images with quality as determined by
the signal strength index parameter (a measure of the
average signal strength across the scan) of more than 30
were considered for the study. These eight radial me -
ridional scans were employed by the system software
to produce, by interpolation, the three-dimensional
thickness maps.

DATA COLLECTION AND ANALYS'S

The preoperative imaging was performed the day
preceding the surgery, and the postoperative measure -
ments were performed 1 day, 1 week, 1 month, and 3
months after surgery. Two consecutive individual ac -
quisitions were obtained in each case to ensure data
validity.

The main analysis report produced by the AS-OCT
system displayed total corneal (reported as pachym -
etry) and epithelial three-dimensional thickness maps
covering the 6-mm diameter area. As shown in Fig-
ure 1, each pachymetry map is divided in 17 sectors.
Specibcally, these are the 2-mm diameter pupil cen -
ter disk of 12.56 mm 2 area, 8 sectors within the an -
nulus between the 2- to 5-mm zones, each of 8.24 mm 2
area, and 8 sectors within the annulus of 5- to 6-mm

Figure 1. Longitudinal display of total corneal (left) and epithelial thick-
ness (right) progression with three-dimensional pachymetry maps. From
top to bottom: preoperative, 1 day, 1 week, and 4 weeks postoperatively.
This image series belongs to the right eye of a 56-year-old male patient. *
= thickness minimum (both corneal and epithelial maps); + = thickness
maximum (epithelial map only).

zones, each of 4.32-mm? area. For each of these sectors,
average thickness was displayed numerically in inte
ger form with a minimum difference of 1 um over the
corresponding area.

In this study, the reported central corneal thickness
(CCT) was provided by the integer indication over the
center disk, and minimum corneal thickness was provid -
ed by the data output in the form of a table. The Oepitheli
um centerO thickness was provided by the integer indica -
tion over the center disk. Mean epithelial thickness was
computed by the average of all segments, and peripheral

New York University
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Longitudinal Postoperative LASIK Epithelial
Thickness Profile Changes in Correlation
With Degree of Myopia Correction

Anastasios John Kanellopoulos, MD; George Asimellis, PhD

ORIGINAL ARTICLE

Epithelial Thickness Profile Changes/Kanellopoulos & Asimellis

ABSTRACT

PURPOSE: To evaluate epithelial thickness propble
changes following myopic femtosecond laser-assisted
LASIK in relation to the degree of myopia corrected,
evaluated with a spectral-domain anterior-segment op

tical coherence tomography system.

METHODS: Sixty-one consecutive cases were observed
for corneal epithelial thickness distribution preopera

tively and at 1 day, 1 week, 1 month, and 1 year post-

operatively. Epithelial thickness mapping was obtained
with a spectral-domain optical coherence tomography
system (Optovue Inc., Fremont, CA). Descriptive sta
tistics investigated epithelial thickness at the central
2-mm area, the mean over the central 6-mm area, and

mid-peripherally at the 5-mm ring area.

RESULTS: Preoperatively, the pupil center epithelial
thickness was 51.67 + 2.57 pm (range: 45 to 56 pm),
mean was 51.76 + 2.66 um (range: 45 to 57 um), and
mid-periphery was 51.78 + 2.71 um (range: 46 to 57
pm). Compared to the preoperative values, the epithe
lial thickness for the center, mean, and mid-periphery
was -0.30, +1.07, and +1.35 pm at 1 week, +1.58,
+2.88, and +3.31 um at 1 month ( P = .0036, <
.001, and < .001), and +1.42, +2.90, and +3.19

pm at 1 year postoperatively P = 0.146, < .001, and

< .001), respectively. The correlation analysis between
the epithelial thickness increase and the spherical
equivalent of myopic correction showed a trend toward
epithelial thickness increase with the amount of myopic
ablation, particularly at the mid-peripheral 5-mm area.

CONCLUSIONS: In this comprehensive study of postop
erative corneal epithelial thickness remodeling following
femtosecond laser-assisted myopic LASIK correction, an
increase at the 1-month and up to 1-year postopera
tive interval suggested postoperative epithelial activity in
connection to the extent of ablation.

[J Refract Surg. 2014;30(3):166-171.]

pithelial thickness changes have been reported in
studies of microkeratome-assisted myopic excimer
laser refractive correction *?; in many of these studies,

the noted central epithelial thickness increase has been as -
sociated with refractive regression. ° Extending beyond
central thickness evaluation, three-dimensional full-cornea
evaluation by scanning ultrasound has demonstrated that the
change in epithelial thickness following myopic ablation was
lenticular in shape. ©

This study employs clinical spectral-domain anterior-seg -
ment optical coherence tomography (AS-OCT) imaging in the
evaluation of quantitative and qualitative three-dimensional
corneal epithelial layer thickness changes in a large number
of myopic LASIK cases, in which a femtosecond laser was
employed for the 3ap creation and a high-pulse rate excimer
laser provided the myopic ablation. This study aims to inves -
tigate longitudinal postoperative changes in epithelial thick
ness distribution, centrally, on average, and mid-peripherally,
and to investigate the possible association of epithelial thick -
ness changes with the extent of attempted myopic correction.

PATIENTS AND METHODS
This observational, longitudinal study received approval
from the ethics committee of our institution, and adhered to
the tenets of the Declaration of Helsinki. Informed written
consent was obtained from all patients at the time of the brst
clinical visit.

INCLUSION-EXCLUSION CRITERIA
The study group consisted of patients with unoperated,
normal eyes with no current or past ocular pathology other

From Laservision.gr Eye Institute, Athens, Greece (AJK, GA); and New York
University Medical School, New York, New York (AJK).
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Figure 1. Detail from the analysis and report
software main report, showing corneal and
epithelial three-dimensional pachymetry
maps over the 6-mm coreal diameter in
a postoperative LASIK examination. The
patient (left eye) received treatment for
-4.75 diopters of sphere and -0.75 diopters
of astigmatism, and was imaged 1 month
postoperatively. * = thickness minimum
(both corneal and epithelial maps); + =
thickness maximum (epithelial map only).

Epithelial Thickness Profile Changes/Kanellopoulos & Asimellis

TABLE 2
Descriptive Statistics for the Postoperative Epithelium Thickness Changes (um)
1 Day 1 Week 1 Month 12 Months

Parameter Center Mean Mid Center Mean Mid Center  Mean Mid Center Mean Mid
Average -0.08 -0.34 -0.39 -0.30 1.07 1.35 1.58 2.88 3.31 1.42 2.90 3.19
SD +3.12 £3.40 349 +2.52 +2.28 $2.38 =72,7/4 +3.15 +3.25 +2.62 273 +2.82
Maximum 7 7.33 7.4 5 6.75 7.7 10 11.25 12 7 9.23 11.21
Minimum -6 -8.33 -8.8 -6 -3.25 -3.2 -4 -2.33 2.2 -5 -2.79 -2.10
P .897 .587 .534 522 .037 .0125 .0036 <.001 <.001 .0146 <.001 <.001
Mid = mid-periphery; SD = standard deviation

bPaired StudentOstest.

in Figure 2, there is a correlation between the degree
of myopic ablation and increase of epithelial thick-
ness. Specifically for the mid-peripheral epithelial
thickness increase, the linear fit trend line describing
this correlation had a Pearson product-moment corre-
lation coefficient r = 0.831, and was described by the
equation derived from our results: increase in epithe-
lial thickness (y, in pm) = -1.39 x myopic ablation (x
inD) + 9.77 pm.

For each degree of myopic ablation, the correspond-
ing increase of epithelial thickness on the mid-periph-
ery was on the scale of 1 pm. Similar results, but with
a lesser degree of correlation, were obtained for the
center and the mean epithelial thickness increase (r =
0.631 and 0.519, respectively).

DISCUSSION
Accurate and repeatable quantitative assessment
of corneal epithelial thickness distribution has been

LasexVision.

Figure 2. The correlation of increase in epithelial thickness at the center
(green dots), on the mean over the 6-mm diameter (blue), and on the
5-mm mid-peripheral zone (yellow) 1 month following myopic LASIK eor|
rection. There were 4 cases between -8 and -9 diopters (D), 7 cases
between -7 and -8 D, 10 cases between -6 and -7 D, 8 cases between -5

and -6 D, 15 cases between -4 and -5 D, 13 cases between -3 and -4 D,

and 6 cases between -2 and -3 D. Error bars indicate standard deviation.,
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CLINICAL SCIENCE

Anterior-Segment Optical Coherence Tomography
Investigation of Corneal Deturgescence and Epithelial
Remodeling After DSAEK

A. John Kanellopoulos, MB7 and George Asimellis, PHD

Purpose: The aim of this study was to evaluate via Fourier-domain
anterior-segment optical coherence tomography 3-dimensional cor-
neal, epithelial, and graft thickness changes after Descemet stripping
automated endothelial keratoplasty (DSAEK).

Methods: Sixteen eyes were investigated preoperatively and up to
6 months postoperatively for preoperative and postoperative central
corneal thickness (CCT), minimum corneal thickness, central graft
thickness (CGT), and for epithelial topographic thickness variability.
An age-matched and gender-matched control group of 32 healthy
eyes was used for comparison.

Results:In the DSAEK group, the preoperative CCT was 582.32 =
45.24 (550B615) mm. One-month postoperatively, the CCT was
736.26 * 34.52 (713B771) mm, and the CGT was 210.42 *+ 34.52
(145E243) mm. Three months postoperatively, the CCT was 641.39 *
38.75 (569E684) mm, and the CGT was 171.23 * 27.54 (119D
185) mm. The preoperative center epithelial thickness was 55.74 =
9.29 (45674) mm, the minimum was 32.53 = 14.30 (13£53) mm, the
maximum was 76.00 = 11.32 (64D105) mm, and the topographic
thickness variability was 10.84 = 4.09 (5.90D18.80) mm. Three
months postoperatively, the center epithelial thickness was 47.21 =
5.45 (43856) mm, the minimum was 35.11 = 4.70 (30B41) mm, the
maximum was 58.11 * 6.51 (49B65) mm, and the topographic vari-
ability was 4.77 = 1.48 (2.9086.50) mm. The average differences
were —8.53, +4.53, and —17.89 mm for the center, minimum, and
maximum (P < 0.001, <0.001, and <0.001). Similar results were
obtained 3 and 6 months postoperatively.

Conclusions: We present a near-term postoperative investigation
of the corneal and epithelial thickness changes after DSAEK for
bullous keratopathy, by in vivo, clinical anterior-segment optical
coherence tomography. Epithelial thickness recovery and normali-

Received for publication September 19, 2013; revision received November 6,
2013; accepted November 8, 2013. Published online ahead of print
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zation and corneal deturgescence were noted as early as in the first
postoperative month.

Key Words: anterior-segment optical coherence tomography, epi-
thelium imaging, epithelial thickness distribution, epithelial layer
topography, bullous keratopathy, Descemet stripping automated
endothelial keratoplasty, DSAEK, OCT

(Cornea2014;33:3408848)

S;lce its introduction in 2002," Descemet stripping auto-
ated endothelial keratoplasty (DSAEK) is considered the
treatment of choice® for endothelial dysfunction.** In pene-
trating (full thickness) keratoplasty, all corneal layers are
replaced; however, in endothelial disorders, such as bullous
keratopathy (BK),’ the compromised clarity of the edematous
cornea can be restored® by replacing only the endothelium
and Descemet membrane with a healthy donor endothelium
attached to the graft Descemet membrane and a thin layer of
posterior stroma.”® Because DSAEK thus involves the poste-
rior cornea in a closed-chamber procedure, it is considered
safer, provides faster visual recovery,” it usually requires few
sutures and causes less astigmatic change,'® overcoming
some of the limitations of penetrating keratoplasty, such as
prolonged visual rehabilitation, unpredictable cylindrical
refractive changes (high postoperative astigmatism), suscep-
tibility to ocular surface complications (wound dehiscence),
and vulnerability to traumatic wound rupture.'"'?

BK," a pathological condition often derived from
stage-2 Fuchs endothelial dysfunction, in which epithelial
microcysts (vesicles) coalesce and form bullae,'*!* represents
one of the most frequent indications for DSAEK, in addition
to endothelial trauma during a previous intraocular surgery.'®
In BK, the epithelium is highly irregular, as the bullae rupture
(risking infectious keratitis), whereas areas of intense epithe-
lial edema are also present.

Since the first report of corneal optical coherence
tomography (OCT) imaging in 1994,'” continuous improve-
ments have led to the increased applicability of anterior-
segment OCT (AS-OCT) in corneal evaluation,'® including cases
with Fuchs dystrophy.' OCT systems using Fourier-domain
OCT>?! offering a higher speed and increased resolution have
recently enabled in vivo epithelial layer 3-dimensional thickness
mapping.2®* Complementing epithelial layer thickness mea-
surement, corneal thickness pachymetry is also considered a very
important clinical investigative tool for corneal edema? in cases
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FIGURE 1. Total corneal (top) and epithelial thickness (bottom) 3-dimensional pachymetry maps. Depicted are the oculus dexter eye
(left in the image), 3 months after the DSAEK for BK, and the fellow oculus sinister eye (right in the image) of the same patient. The
symbol * indicates the thickness minimum (in both corneal and epithelial maps) and the symbol + maximum (epithelial map only).
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FIGURE 2. High-resolution meridio-
nal scans. Top, preoperative, show-
ing signs of BK with areas of
epithelial detachment shown as dark
QislandsO in the base of the epithelial
layer; bottom, 1 week post-
operatively of the same meridian.
The interface is clearly seen. The epi-
thelial layer in this sections appears
more homogenous in thickness as also
seen in the topographic epithelial
thickness maps postoperatively.
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CLINICAL SCIENCE

Epithelial Remodeling After Femtosecond Laser-Assisted
High Myopic LASIK: Comparison of Stand-alone With LASIK
Combined With Prophylactic High-fluence Cross-linking

Anastasios J. Kanellopoulos, MD and George Asimellis, PHD

Purpose: The aim of this study was to evaluate the possible
topographic epithelial profile thickness changes (remodeling) after
high myopic femtosecond laser in situ keratomileusis (LASIK) with
concurrent prophylactic high-fluence cross-linking (CXL) in com-
parison with standard femtosecond LASIK.

Methods: Preoperative and 6-month postoperative 3-dimensional
epithelial thickness distribution maps were investigated through
a clinical spectral domain anterior-segment optical coherence tomog-
raphy in 2 groups of femtosecond laserBussisted myopic LASIK cases.
Group A represented 67 eyes treated additionally with concurrent pro-
phylactic CXL (LASIK-Xtra); group B represented 72 eyes subjected
to stand-alone femtosecond LASIK. Optical coherence tomography
measurements of the epithelial thickness over the center 2-mm-diameter
disk, mid-peripheral 5-mm rim, and overall (the entire 6-mm-diameter
disc area) were investigated.

Results: The comparison of matched myopic correction subgroups
indicated statistically significant differences in the epithelial thick-
ness increase specifically between high myopia subgroups. For
example, in group A (LASIK-Xtra), the mid-peripheral epithelial
thickness increase was +3.79 and +3.95 mm for the O-8.00 to —9.00
diopterOand O-7.00 to —8.00 diopterOsubgroups, which compare
with increased thickness in group B (stand-alone LASIK), of +9.75 mm
(P = 0.032) and +7.14 nm (P = 0.041), respectively, for the same
subgroups.

Conclusions: Application of prophylactic CXL concurrently with
high myopic LASIK operation results in a statistically significant
reduced epithelial increase in comparison with the stand-alone
LASIK. This comparison is observed between matched high myopic
correction subgroups. This difference may correlate with higher

Received for publication August 7, 2013; revision received January 8, 2014;
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regression rates and/or may depict increased biomechanical instabil-
ity in the stand-alone LASIK.

Key Words: anterior segment optical coherence tomography, epi-
thelial imaging, epithelial thickness distribution, epithelial layer
topography, myopic LASIK, femtosecond LASIK, LASIK-Xtra,
high-fluence cross-linking, prophylactic cross-linking

(Cormnea2014;0:187)

he concept of a proactive intervention involving in situ

cross-linking (CXL) application concurrent with laser in
situ keratomileusis (LASIK) surgery has been introduced by
the term QLASIK-Xtra.O The concept has been based on
successful treatments and femtosecond laserBrreated intra-
stromal pocket CXL implementation®* in a patient population
who seems to have a high rate of keratoconus. The rationale
for such a prophylactic action in routine LASIK is to
strengthen the cornea, particularly in high myopic cases with
thin residual stroma and younger patients who may have not
yet exhibited ectasia risk factors.™® Our experience with high
myopic corrections without any such preventive application is
suggestive of a long-term corneal steepening trend (refractive
regression toward a myopic shift).” Because of this trouble-
some finding, and the high incidence of keratoconus in our
patient populace, in situ CXL may be justified in high myopic
LASIK cases.

Refractive regression has been associated with substantial
postoperative epithelial thickness changes®” after LASIK myo-
pic correction.'”™? Specifically, postoperative epithelial evalua-
tion after myopic LASIK has demonstrated a topographically
nonuniform increase in the epithelial thickness,"> dependent on
the extent of myopia corrected.

We have recently investigated epithelial remodeling
after femtosecond laserEussisted LASIK.'"* The study, con-
ducted with Fourier-domain anterior-segment optical coher-
ence tomography (AS-OCT), in large myopic corrections [eg
—8.00 diopter (D)] indicated 1-year postoperative central epi-
thelial thickness increase of up to +6 mm and localized
increase at the 5-mm mid-peripheral rim of up to +9 mm.

This study aimed to comparatively investigate the
potential differences in epithelial remodeling between 2
groups, a LASIK-Xtra and a stand-alone LASIK group, in
which no concurrent CXL is applied. The epithelial study was
facilitated by 3-dimensional epithelial thickness maps produced
by a clinically available spectral domain AS-OCT system.
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Topographic Epithelial Profile Thickness Changes

FIGURE 1. A, AS-OCT high-resolution
cross-sectional meridional image of
a right eye treated with LASIK-Xtra for
28.00 D of sphere and 2 0.25 D of
astigmatism, and was it imaged
6 months postoperatively. There is
a clear depiction of the central corneal
epithelial layer, Bowman membrane,
anterior stroma, Descemet membrane,
and anterior chamber. Deep stromal
hyperref3ective lines may correlate with
the depth of the CXL-effect achieved
with the LASIK-Xtra procedure ac-
cording to our previous reported bnd-
ings. B, Detail from of the analysis and
report software main report, showing
corneal and epithelial 3-dimensional
pachymetry maps over the 6-mm
corneal diameter. The symbol * in-
dicates thickness minimum (both cor-
neal and epithelial maps), and the
symbol + thickness maximum (epi-
thelial map only).
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FIGURE 2. Correlation of increase in
epithelial thickness at the 5-mm
mid-peripheral zone, 6 months
postoperatively, in comparison for
the 2 groups, with refractive correc-
tion spherical equivalent.
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ORIGINAL ARTICLE

Refractive and Keratometric Stability in
High Myopic LASIK With High-Frequency
Femtosecond and Excimer Lasers

Anastasios John Kanellopoulos, MD; George Asimellis, PhD

High Myopia Stability in LASIK/Kanellopoulos & Asimellis

ABSTRACT

PURPOSE: To evaluate safety, efficacy, ergonomy, and
refractive and keratometric stability in high myopia
LASIK procedures using a novel femtosecond and ex-
cimer laser surgery platform.

METHODS: One hundred sixteen eyes in consecutive
cases of high myopic LASIK (= -6.00 diopters [D]) with
the Alcon-WaveLight FS200 femtosecond and EX500
excimer lasers (Alcon Laboratories, Fort Worth, TX) were
evaluated preoperatively and postoperatively for the fol-
lowing parameters: refractive error, corrected distance
visual acuity, uncorrected distance visual acuity, spheri-
cal equivalent correction, keratometry (with Placido to-
pography and Scheimpflug tomography), and refractive
astigmatism. Average follow-up time was 6.2 months
(range: 3 to 12 months).

RESULTS: Postoperative average refractive error was
-0.37, -0.43, and -0.25 D for the 3-, 6-, and 12-month
period, compared to -7.67 = 1.55 D preoperatively. At
3, 6, and 12 months postoperatively 94%, 96.3%, and
100% of eyes, respectively, were within 1.0 D defocus
equivalent. Postoperative refractive astigmatism was
-0.21, -0.21, -0.13 D for the 3-, 6-, and 12-month
period compared to -1.07 = 1.91 D preoperatively. The
proportion of eyes with postoperative astigmatism within
0.25 D was 85.3%, 81.5%, and 100%, for the 3-, 6-,
and 12-month visit, respectively. Keratometric stability
was within 0.22 D after the 12-month visit. There was
no epithelial ingrowth or diffuse lamellar keratitis in any
case.

CONCLUSIONS: Clinical outcomes with this technique
and technology appear to be promising in high level un-
corrected visual rehabilitation of high myopia. There was
small regression potential in the sample evaluated.

[J Refract Surg. 2013;29(12):832-837.]

oth excimer and femtosecond laser platforms have
evolved significantly over the past 10 years. Today’s
excimer lasers for refractive surgery have high pulse

repetition (more than 400 Hz),'? operate with scanning spot,*
and can provide customized ablation, including aspheric
ablation profiles* and wavefront-guided®® or topography-
guided”® treatments. These improvements have further ad-
vanced the applications of the LASIK procedure®! in cor-
recting not just the spherocylindrical refractive error, but also
the higher-order aberrations.! 112

The Alcon-WaveLight EX500 excimer laser and the FS200
femtosecond laser'® constitute the Alcon-WaveLight Refrac-
tive Suite (Alcon Laboratories, Fort Worth, TX). The Refrac-
tive Suite operates on its own Ethernet network and allows
the importation of diagnostic data from several networked
screening devices (including Vario Placido topography, Ocu-
lyzer IT Scheimpflug tomography, Tscherning wavefront anal-
ysis, and the OB820 interferometric biometry system!?) into
the planning software tools of both lasers.

Specifically for high myopia (refractive error = -6.00 di-
opters [D] in the least minus meridian), although LASIK pro-
vides reliable outcomes,'® there are reports indicating that
significant regression develops in the long term.'®'” This mat-
ter has been discussed in the past'®!® and gained new interest
with the advent of femtosecond laser-assisted LASIK.?** Due
to the large ablation depths required for the correction of high
refractive error, obvious potential limitations of high myopic
LASIK are risk for reduced accuracy, higher risk of ectasia,
and potential for increased postoperative spherical aberra-
tion. To allow for thicker residual stroma, a thinner flap is
preferable.
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Figure 1. Spherical equivalent correction at the 3-, 6-, and 12-month
postoperative visit, respectively. UDVA = uncorrected distance visual acu
ity; CDVA = corrected distance visual acuity

Figure 3. Contrast sensitivity (average comparison between postopera
tive (average) and 3-month postoperative visit (average) on the CSV-100
Contrast Sensitivity Chart.

Figure 2 displays the postoperative refractive astigma-
tism within intervals of 0.50 D. Average preoperative
and postoperative contrast sensitivity results are illus-
trated in Figure 3.

Tscherning aberrometry was attempted preopera-
tively and postoperatively in all cases. None of the
cases was successfully measured preoperatively with
the specific aberrometer due to inherent limitations of

Figure 2. Refractive astigmatism preoperatively and at 3-, 6-, and
12-month postoperative visits. Percentage of eyes (vertical axis) versu:
refractive astigmatism (diopters [D]) (horizontal axis)

this architecture for high defocus such as the over -6 D
in our sample. In the specific Tscherning aberrometry,
only real retina data from 169 laser spots projected
onto the retina are imaged and analyzed. By design,
this process does not image well in high myopia, or
even after successful correction due to projection dis-
tortion. Nevertheless, all patients were evaluated at the
3- and 12-month visit with the above aberrometer. We
were able to image 54 of the 116 eyes with mean aber-
rometric measurement of 0.38 + 0.25 pm.

UNCORRECTED VISUAL ACUITY OUTCOMEAND STABILITY

The uncorrected visual acuity (distance monocular)
outcome and stability for the first 3 months (Figure 4)
shows that 90.50% of the eyes had postoperative un-
corrected visual acuity better than 1.0 (20/20), whereas
92.20% had better than 0.8 (20/25). Figure 4 also dis-
plays the preoperative corrected distance visual acuity
for the same group of patients.

EFFICACYOF CORRECTEDVISUAL ACUITY

As shown in Figure 5, the changes in corrected dis-
tance visual acuity at 3 months compared to preoperative
corrected distance visual acuity and postoperative uncor-
rected distance visual acuity indicate that 30.4% of the
eyes were unchanged, whereas 55.6% of the eyes gained
one Snellen line and 12.2% gained two or more Snellen
lines. Only 1.7% (2 eyes) lost one line. Even better results
occurred at the 6- and 12-month visits, at which no eye
had lost any Snellen line (also shown in Figure 5).

REFRACTIVE STABILITYAND PREDICTABILITY

The refractive stability is demonstrated by the spher-
ical equivalent correction over the 12-month postop-
erative visit (Figure 6). Defocus equivalent results are
presented in Figure 7. At the 3-, 6-, and 12-month visit,
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Figure 4. Postoperative uncorrected distance visual acuity (UDVA) (blue Figure 5. Percentage of eyes with gain/loss in Snellen lines of corrected

columns) at 3 months versus preoperative corrected distance visual acu

ity (CDVA) (orange line).

Figure 6. Stability of spherical equivalent, expressed in diopters (D) at
the 3-, 6-, and 12-month visit, respectively.

94.0%, 96.3%, and 100% of eyes, respectively, were
within 1.0 D defocus equivalent.

Predictability results are illustrated in Figure 8,
where the achieved spherical equivalent versus at -
tempted spherical equivalent (in diopters) at the
12-month visit is plotted. Of the 116 eyes at the
3-month visit, 92 were available for the 12-month visit;

3 eyes (3.2%) indicate slight overcorrection, 86 eyes
(93.5%) are marked with green (indicating individu -
al outcomes where the achieved spherical correction
was within 0.5 D of the attempted correction), and 3
eyes (3.2%) indicate slight undercorrection. The data
shown, corresponding to the 12-month visit, have a
linearity of coefbcient 0.95. These results are in agree
ment with the spherical equivalent manifest refraction
results (Figure 1), where spherical equivalent correc -
tion results recorded during the 3-, 6-, and 12-month
postoperative follow-up visits are illustrated.

KERATOMETRIC AND ASTIGMATIC CHANGES AND STABILITY
The comparison between postoperative and preop -
erative refractive astigmatism is demonstrated by the

distance visual acuity (CDVA), at the 3-, 6-, and 12-month visit, respec
tively. SE = spherical equivalent

Figure 7. Defocus equivalent results, at the 3-, 6-, and 12-month visit,
respectively. D = diopters

percentage of eyes within 0.25 D of postoperative re -
fractive astigmatism. Figure 2 presents the 3-, 6-, and
12-month refractive astigmatism. Astigmatism was
within 0.5 D in 85.3% of the eyes at 3 months, 81.5%
of the eyes at 6 months, and 100% of the eyes at 12
months postoperatively.

The keratometric changes and stability are demon -
strated by the K-Bat and K-steep average values as fol -
lowed during the 1-, 3-, 6-, and 12-month postopera -
tive visits ( Figure 9.)

DISCUSSION

In our study of 116 cases, the 1-year high myopic
LASIK evaluation of the the WaveLight Refractive Suite
shows impressive refractive outcome, predictability,
and stability. Regarding efbcacy, the refractive results
expressed in terms of spherical equivalent refraction,
in agreement with the defocus equivalent results, indi -
cate that 83% and 93% of eyes were within 0.5 D at the
3- and 12-month visits, respectively ( Figure 7).

In terms of visual rehabilitation, 90.5% of the eyes
achieved postoperative uncorrected distance visual

d Spheric;

Figure 8. Predictability of spherical equivalent correction, measured at
the 12-month visit, showing achieved spherical equivalent (SE) (vertical
axis, in diopters [D]) versus attempted SE (horizontal axis, in D): green
dots = postoperative SE within 0.50 D of target; red dots = cases
overcorrected by or over 0.50 D; blue dots = cases undercorrected by
or over 0.50 D

acuity better than 1.00 (20/20) (Figure 4) and a signifi-
cant percentage (53.5%) of the cases achieved better
than 1.25 (20/16). This compares to only 72.5% of the
eyes having corrected distance visual acuity of 1.00
(20/20) preoperatively.

In terms of gained or lost Snellen lines, only 1.7%
(2 cases) had a loss in Snellen lines and most gained at
least one line. These visual outcomes are satisfactory.

The predictability of the outcome was extremely ac-
curate. As shown in Figure 8, only 3 of the 116 eyes
(3%) were overcorrected. Regarding the cylinder cor-
rection (Figure 2), 85.3%, 81.50%, and 100% of eyes
had residual cylinder power less than 0.25 D at the
3-, 6-, and 12-month visits, respectively, compared to
81% of the eyes preoperatively.

The stability of the outcome is evidenced by the
strength of the spherical equivalent over the course of
12 months, as shown in Figure 1 and Figure 6. The
percentage of eyes achieving postoperative manifest
refraction spherical equivalent in the -0.50 to 0.00 D
range of emmetropia was more than 87.5% after the
12-month visit (Figure 1). The cumulative percentage
of eyes within #1.0 D of emmetropia was 94% for 3
months, 96.3% for 6 months, and 100% for 12 months
postoperatively. These results compare favorably to
other studies,? in which the cumulative percentages
were 98% within +1.0 D% and 84.3% of eyes had a
postoperative spherical equivalent within +0.50 D of
emmetropia. More importantly, no cases in our study
had hyperopic manifest refraction spherical equiva-
lent more than +0.50 D.

The slight positive slope in the keratometric read-
ings, similar for both the flat and the steep meridian,
as illustrated in Figure 9, might indicate a mild pro-

Figure 9. Keratometric (K) readings at the 3-, 6-, and 12-month visit,
respectively.

gressive corneal steepening. The recorded changes
correspond to +0.68 D for the flat meridian and +0.69
D for the steep meridian. This is an indication that cor-
neal stiffening might be required for all LASIK cases, in
the form of cross-linking applied at the corneal stroma
prior to repositioning of the flap.?® The data clearly
show a trend toward mild corneal steepening in the
longer postoperative period, confirming our clinical ob-
servations of the potential need of a stabilizing adjunct
procedure such as high fluence, short duration corneal
cross-linking. We have introduced?” and reported?® us-
ing the employment of a high-fluence corneal cross-
linking within the high myopic LASIK procedure as a
possible means to achieve better long-term stability.

A slight hyperopic shift of the total refractive error
was observed comparing the 3- and 12-month postop-
erative results, which was on average from -0.31 to -0.19
D, or a change of 0.12 D. In correlation with the finding
of slight steepening of K-readings over the same post-
operative interval (+0.68 D), there is a slight contradic-
tion that might be explained by the subjective nature of
refractive error measurement (manifest refraction) ver-
sus an objective (Scheimpflug imaging) measurement
of the keratometry. Perhaps further study of epithelial
behavior and/or dry eye related to the LASIK flaps and
a possible change in the biomechanical behavior of the
cornea may explain this small discrepancy.

Steepening of the K-reading (or regression of the
myopic ablation) should manifest as myopic shift
postoperatively and not a hyperopic shift. The long-
term trend as noted in this study is toward a myopic
shift. It is possible that the transient early hyperopic
shift represents a build-in factor created by our no-
mogram for high myopia developed over 20 years of
LASIK experience. The long-term steepening of most
cases studied herein is significant in our opinion and
needs to be reported.
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Purpose: To evaluate programmed versus achieved laser-assisted in situ keratomileusis
(LASIK) flap central thickness and investigate topographic flap thickness variability, as well
as the effect of potential epithelial remodeling interference on flap thickness variability.

Patients and methods:
myopic LASIK several years ago (average 4.5 2.7 years; range 2—7 years). Three age-matched

Flap thickness was investigated in 110 eyes that had had bilateral

study groups were formed, based on the method of primary flap creation: Group A (flaps made
by the Moria Surgical M2 microkeratome [Antony, France]), Group B (flaps made by the Abbott
Medical Optics IntraLase™ FS60 femtosecond laser [Santa Ana, CA, USA]), and Group C (flaps
made by the Alcon WaveLight® FS200 femtosecond laser [Fort Worth, TX, USA]). Whole-cornea
topographic maps of flap and epithelial thickness were obtained by scanning high-frequency
ultrasound biomicroscopy. On each eye, topographic flap and epithelial thickness variability
was computed by the standard deviation of thickness corresponding to 21 equally spaced points
over the entire corneal area imaged.

Results: The average central flap thickness for each group was 138.33 +12.38 um (mean + stan-
dard deviation) in Group A, 128.46 + 5.72 pm in Group B, and 122.00 + 5.64 um in Group C.
Topographic flap thickness variability was 9.73 £ 4.93 um for Group A, 8.48 + 4.23 pum for
Group B, and 4.84 + 1.88 um for Group C. The smaller topographic flap thickness variability of
Group C (FS200) was statistically significant compared with that of Group A (M2) (P =0.004),
indicating improved topographic flap thickness consistency — that is, improved precision — over
the entire flap area affected.

Conclusions: The two femtosecond lasers produced a smaller flap thickness and reduced vari-
ability than the mechanical microkeratome. In addition, our study suggests that there may be a
significant difference in topographic flap thickness variability between the results achieved by
the two femtosecond lasers examined.

Keywords: Moria M2, IntraLase FS60, WaveLight® FS200, Allegretto Wave® Eye-Q, 400 Hz

excimer, ultrasound biomicroscopy

Introduction

We have previously reported, in agreement with many others, on the safety and accu-
racy of flap making with mechanical keratomes for correction of myopia and myopic
astigmatism' as well as hyperopia.
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Dove &RPSDULVRQ RI /$6,. ADS WKLFNQF
A Table 1 Flap thickness measurements, range, and topographic
4 ADS WKLFNQHVV YDULDELOLW\ VWDWLVWLF\
2 0D6 mm 0B3 mm 3D6 mm Flap thickness
‘2 variability
1 Group A M2
0 Average  138.83 138.33 140.58 9.73
1 Maximum  159.00 159.00 159.00 17.05
2 Minimum ~ 114.00 115.00 114.00 3.37
5 sb 12.38 12.85 12.09 4.93
Group B FS60
4
Average  128.46 130.31 128.15 8.48
Maximum  137.00 142.00 136.00 17.16
Minimum ~ 119.00 120.00 119.00 2.94
sb 5.72 6.80 5.49 4.23
B ' GroupC  FS200
'3 Average  122.00 122.20 122.53 4.84
Maximum  135.00 137.00 136.00 7.96
‘2 Minimum  94.00 90.00 97.00 1.68
1 sb 5.64 6.11 5.47 1.88
0 Note: All values are expressed in micrometersfty).
Abbreviation: SD, standard deviation.
1
2
3 the last 10 years. There appear to be variable differences
M reported in the basic surgical outcomes when comparing

procedures with Baps created either with a mechanical
microkeratome or a femtosecond la¥eFor example,
s a study in hyperopic patients showed signibcantly better
14 refractive results with femtosecond laser Baps than with
13 microkeratome Rap$ Another study showed that clinically
12 signibcant epithelial ingrowth after femtosecond LASIK is
1 an infrequent complication, the incidence being less than
reported for microkeratome LASIK.

Despite the fact that multiple generations of femtosecond
lasers for refractive surgery have been introduced so far,
and while the Operfect LASIK RapO is becoming increas
ingly tangible, the Peld continues to welcome research on
the comparative characteristics of the femtosecond laser
versus mechanical microkeratome Rap, including that on
morphology, cut accuracy, Bap thickness reproducibility,

Figure 3 Three UHSUHVHQWDWLYH ADMBP WUIFHMNVY R HRP-ddge/ quality, stromal-bed surface roughness, and
created with the modalities studied in this papek)(M2 microkeratome (Moria . 9925
Surgical, Antony, FranceB)(Intralase® FS60 femtosecond laser (Abbott Medical NiStopathology?

Optics, Santa Ana, CA, USAL X WaveLight FS200 femtosecond laser (Alcon, Fort The femtosecond laser continues to be preferred for Bap

Worth, TX, USA). ) } .
Note: The YDOXHV RYHU WKH SRLQWV DUH WKRVH Llaagon overdheddaded mechanicalbmiseokesaome due to

WRSRJUDSKLF ADS WKLFNQHVV YDULDELOLW\ VWit@lincreased safety, precision, and regularity this modality
the epithelium contribute to the Rap thickness homogeneRjfers?*?*’
differences found between the three groups. Flap thickness is considered an important indicator of
. . LASIK safety due to the critical importance of adequate
Discussion 3 residual stromal preservation, not only at the center of the
7KH LPSRUWDQFH R AD SoWakolt &shlidQttid &/eYAll area of the cornea affected.
Flap parameter accuracy and homogeneity have been studiecensure a thicker residual stroma, a thin Bap is preferable
and debated at length by refractive surgeons globally oviér myopic treatments. A further benebt of a thin Bap (in
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Purpose: To survey the standard keratoconus grading scale (Pentacam®-derived Amsler—
Krumeich stages) compared to corneal irregularity indices and best spectacle-corrected distance
visual acuity (CDVA).

Patients and methods:
keratoconus grading, anterior surface irregularity indices (measured by Pentacam imaging),

Two-hundred and twelve keratoconus cases were evaluated for

and subjective refraction (measured by CDVA). The correlations between CDVA, keratometry,
and the Scheimpflug keratoconus grading and the seven anterior surface Pentacam-derived
topometric indices — index of surface variance, index of vertical asymmetry, keratoconus index,
central keratoconus index, index of height asymmetry, index of height decentration, and index
of minimum radius of curvature — were analyzed using paired two-tailed t-tests, coefficient of
determination (r?), and trendline linearity.

Results: The average + standard deviation CDVA (expressed decimally) was 0.626 + 0.244
for all eyes (range 0.10-1.00). The average flat meridian keratometry was (K1) 46.7 £ 5.89 D;
the average steep keratometry (K2) was 51.05 £ 6.59 D. The index of surface variance and the
index of height decentration had the strongest correlation with topographic keratoconus grading
(P < 0.001). CDVA and keratometry correlated poorly with keratoconus severity.
Conclusion: Itisreported here for the first time that the index of surface variance and the index
of height decentration may be the most sensitive and specific criteria in the diagnosis, progres-
sion, and surgical follow-up of keratoconus. The classification proposed herein may present a
novel benchmark in clinical work and future studies.

Keywords: diagnosis and classification, Pentacam topometric indices, Amsler-Krumeich
keratoconus grading, surface variance, vertical asymmetry, keratoconus index, central

keratoconus index, height asymmetry, height decentration, minimum radius of curvature

Introduction
Keratoconus is described as a degenerative bilateral, progressive, noninflammatory
corneal disorder characterized by ectasia, thinning, and increased curvature.'? It is
associated with loss of visual acuity particularly in relation to progressive cornea
irregularity,>* and usually is manifested asymmetrically between the two eyes of the
same patient.>® Occasionally, the patient may present with symptoms of photophobia,
glare, and monocular diplopia.

The problem of specificity and sensitivity of keratoconus assessment, particularly
the diagnosis of early signs of ectasia and/or subclinical keratoconus, and for monitor-
ing the progression of the disease, has been extensively studied.” The commonly used

Kanellopoulos and Asimellis Dove

A 1o
0.9
0.8
0.7
0.6

05
0.4

CDVA (decimal)
CKI data

0.3
0.2
0.1

0.0

KC1  KC1P2 KC2  KC2D3 KC3  KC3P4 KC4

ISV data
IHA data

KC1 ~ KC1P2 KC2 KC2D3 KC3  KC3p4 KC4

IVA data
IHD data

KC1 KC1-2 KC2  KC2-3 KC3  KC3-4 KC4

KI data
Rmin (mm)

KC1  KClge  KC2

KC2D3  KC3  KC3D4  KC4

KC1 ~ KClB2 KC2  KC2D3 KC3  KC3P4

Figure 2 %R[ SORWV Rl PHDVXUHG SDUDPHWHUV YHUVXV NHUDWRFRQXV JUDGLQJ DV SURGXFHGH ED M
V\PERO PHGLDQ FRQAGHQFH UDQJH ER[ EODFN OLQH ER[HV DQ® L&QU8 HYHX\DXWN N € H DLV REBFHEIN0W0 VL
YHUVXV NHUDW RE RESX Y HWADXGL QIH UD W B F R QN VM B GLIQUD W FEF RQ XH UV R 'G INHFD WR FRQX XV NHUDWRFRQ
G .+ YHUVXV NHUDWRFRRXY YHDBKYINHUDWRFRQXV JUDGLQJ

Abbreviations: &9% EHVW VSHFWDFOH FRUU H BW HFEH @ IWWDEDQNF H UYDHSY RIERBEKF/RL L) KW D@ GPH{HRY LAHLIKW GHF
69 LQGH[ RI VXUPBSFHY®WLRRFHUWLEDS HUDRRARQX Y, J&DGNAUPWRFRQXV2 JUDGNBUBWRBRQXY, JUDG
.&2 NHUDWRFRQXV,2]U RG LIQH UDMDRIFR Q X V, ] WBD*G L R H BOWDR AR Q X V, 4.9 D& L § 4 6 DAD RIF R Q X V,9] U, DIGH Q D V8 RIDR €
LQGH[SBHGLFWLEQ Q QMHLLYX® UDGLXV RI FXUYDWXUH

KC4

Clinical Ophthalmology 2013:7 15391548

1539

Now York URiversikii . anhed GREGEs NADE, o

School of Medicine

www.brilliantvision.com

1544 s

Clinical Ophthalmology 2013:7

LasexrVision.gr




LMNOMMOPQAB8Q(%6)#$-8LMMROSLMSM
ORIGINAL ARTICLE

IJKECD

I"HSYHE () (+*, -YoHS*. /% &O1*2#/3045&60*#) 7+.)&56'(68*
9%06+#/5*:665:%$H6'80* ) *<S6H#&(/()%-*#) T*=6(--$')>"):*
)&56"5)&'()*?($$(@8%A*)*BCB*=#-5-

-8t (D (3)*<H)5SS(A(%S(-1* #-'$'>E(%-&(%1*F5(6;5* - 45$$ -

.GOHI.=H

2%@A\(-5J To investigate visual acuity, corneal pachymetry, and
anterior-surface irregularity indices correlation with keratoconus
severity in a very large pool of clinically-diagnosed untreated
keratoconic eyes, and in keratoconic eyes subjected to cross-
linking intervention.

E#856'#3$-*#)7*45&3(7-J Total of 737 keratoconic (KCN) cases
were evaluated. Group A was formed from 362 untreated
keratoconic eyes, and group B from 375 keratoconic eyes
subjected to partial normalization via topography-guided excimer
laser ablation and high-fluence collagen crosslinking. A control
group C of 145 healthy eyes was employed for comparison.
We investigated distance visual acuity, uncorrected (UDVA),
best-spectacle corrected (CDVA), and Scheimpflug-derived
keratometry, pachymetry (central corneal thickness, CCT
and thinnest, TCT), and two anterior-surface irregularity
indices, the index of surface variance (ISV) and the index of
height decentration (IHD). The correlations between these
parameters "- topographic keratoconus classification (TKC)
were investigated.

15-%%&-J Keratometry for group A was K1 (flat) 46.67 + 3.80
D and K2 (steep) 50.76 + 5.02 D; for group B K1 44.03 + 3.64
D and K2 46.87 + 4.61 D; for group C, K1 42.89 + 1.45 D and
K2 44.18 +1.88 D. Visual acuity for group Awas UDVA 0.12 +
0.18 and CDVA 0.59 + 0.25 (decimal), for group B, 0.51 + 0.28
and 0.77 + 0.22, and for group C, 0.81 +0.31 and 0.87 + 0.12.

Correlation between ISV and TKC (r?) was for group A0.853,
and for group-B 0.886. Correlation between IHD and TKC was
for group Ar?=0.731, and for group B 0.701. The ROC analysis
‘area under the curve’ was for CDVA 0.550, TCT 0.596, ISV
0.876 and IHD 0.887.

=()/$%-'()J  Our study indicates that the traditionally employed
metrics of visual acuity and corneal thickness may not be
robust indicators nor provide accurate assessment on either
keratoconus severity or postoperative evaluation. Two anterior
surface irregularity indices, derived by Scheimpflug-imaging,
ISV and IHD, may be more sensitive and specific tools.

26K/-J Visual acuity, Scheimpflug-derived pachymetry and
anterior-surface irregularity correlation to keratoconus severity
in untreated cases (A), treated with crosslinking (B), and in a
control group (C) reveals that visual acuity and pachymetry do
not correlate well with keratoconus severity.

<50@(67-J Athens Protocol, Combined topography guided PRK
and higher fluence CXL, Visual rehabilitation in keratoconus,
Severity criteria, Keratoconus progression, Keratoconus
classification, Pentacam, Keratoconic Scheimpflug topometric
indices, Visual acuity, Keratoconus, Grading anterior surface
Pentacam indices, Keratoconus Amsler and Krumeich grading,
Corneal pachymetry, Receiver operating characteristic ROC
analysis.

T(@*&('&5*&3-*#6& 1$3danellopoulos AJ, Moustou V, Asimellis
G. Evaluation of Visual Acuity, Pachymetry and Anterior-Surface
Irregularity in Keratoconus and Crosslinking Intervention Follow-up
in 737 Cases. J Kerat Ect Cor Dis 2013;2(3):95-103.
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LQ D ODUJH SRRO RI FOLQLFDOO\ GLD.
LQ D JURXS RI NHUDWRFRQLF H\HV VXE
DQWHULRU VXUIDFH QRUPDOL]DWLRQ |
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Fig. 1: Histograms of keratoconus classification for the two groups under study. Left — group A, unoperated KCN eyes &
and, right — group B, Athens-protocol (AP) treated KCN eyes

Table 2: Coefficient of determination (r') and pearson correlation coefficient for the two groups in the study between UDVA and
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&RHI¢(¢FLHQW Rl GHWHUPLQDMDURRQUFRUUHODWLRQ
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KCN: keratoconus; UDVA: uncorrected distance visual acuity (decimal); TKC: topographic keratoconus classification; CDVA: best-
spectacle corrected distance visual acuity (units, decimal); TCT: thinnest corneal thickness (units, pm); ISV: index of surface variance;
-I'H&I+,5J&2K&L5IML6&,5N5+61*612+0&)BH&)6L5+9C41262N2P
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Left — group A, unoperated KCN eyes and, right — group B, )6L5+9C41262N3H#J&615*65,&#$7&5859
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Corneal Refractive Power and Symmetry Changes
Following Normalization of Ectasias Treated With
Partial Topography-Guided PTK Combined With
Higher-Fluence CXL (The Athens Protocol)

Anastasios John Kanellopoulos, MD; George Asimellis, PhD

ORIGINAL ARTICLE

Keratoconus Management: Long-Term
Stability of Topography-Guided Normalization
Combined With High-Fluence CXL
Stabilization (The Athens Protocol)

Anastasios John Kanellopoulos, MD; George Asimellis, PhD

ABSTRACT

PURPOSE:To investigate preoperative and postopera-
tive anterior and posterior keratometry and simulated
corneal astigmatism in keratoconic eyes treated with
collagen cross-linking combined with anterior surface
normalization by partial topography-guided excimer ab-
lation (the Athens Protocol).

METHODS: Anterior and posterior corneal keratom-
etry were measured by Scheimpflug imaging for 267
untreated keratoconic eyes. Following treatment, they
were assessed 1 year postoperatively.

RESULTS:Before treatment, average anterior kerato-
metric value was 47.06 + 6.02 diopters (D) for flat
and 51.24 + 6.75 D for steep. The posterior kerato-
metric values were -6.70 + 0.99 D (flat) and -7.67
+ 1.15 D (steep). Anterior astigmatism was on aver-
age with-the-rule (-1.97 = 6.21 D), whereas posterior
astigmatism was against-the-rule (+0.53 += 1.02 D).
The posterior and anterior astigmatism were highly cor-
related (2 = 0.839). After treatment, anterior kerato-
metric values were 43.97 = 5.81 D (flat) and 46.55
+ 6.82 D (steep). Posterior keratometric values were
-6.58 + 1.05 D (flat) and -7.69 = 1.22 D (steep). An-
terior astigmatism was on average with-the-rule (-1.56
=+ 3.80 D), whereas posterior astigmatism was against-
the-rule (+0.45 = 1.29 D). The statistically significant
(P < .05) keratometric changes indicated anterior sur-
face flattening -3.09 + 2.67 D (flat) and -4.19 + 2.96
D (steep). The posterior keratometric changes were not
statistically significant (P > .05).

CONCLUSIONSBefore treatment, there was a strong
correlation between posterior and anterior corneal astig-
matism. After treatment, statistically significant anterior
keratometric values flattened. The posterior surface
keratometric values did not demonstrate statistically
significant postoperative change: there was minimal
posterior change, despite the significant anterior sur-
face normalization.

[J Refract Surg. 2014;30(5):342-346.]

eratoconus assessment employs indicators such as
keratometric values, inferior-superior index, skew
percentage, astigmatism, and the KISA% index.!

Acceptable quantitative keratometric criteria include cen-
tral corneal refractive power larger than 47.2 diopters (D),
inferior-superior dioptric asymmetry larger than 1.2 D, and
simulated astigmatism, expressed as the difference between
steep and flat keratometric values greater than 1.5 D.? The
steep and flat meridian keratometric values correspond to
the smaller and larger anterior corneal curvature radius,
respectively.

Corneal cross-linking (CXL) is an in vivo intrastromal pho-
to-oxidative technique with riboflavin and ultraviolet-A light
aiming to address the advancing corneal ectasia and, conse-
quently, the keratoconus progression. With CXL, additional
covalent bonding between stromal collagen can be achieved,
which stabilizes the collagen framework structure.® The re-
modeling effects of CXL on the cornea can be described by
the reduction of mean anterior surface keratometric values.*
Few studies have been published on the quantitative link be-
tween anterior and posterior keratometric values in kerato-
conic eyes or particularly on the postoperative effects of CXL
on either corneal surface.

This study aims to investigate the distribution of and rela-
tionship between anterior and posterior corneal keratometric
values and simulated anterior and posterior astigmatism on
a large group of clinically diagnosed, untreated keratoconic
eyes, and the 1-year postoperative effects on both anterior
and posterior keratometric values and astigmatism induced
by a combined procedure known as the Athens Protocol,>®
which intends to arrest the keratoconus progression and nor-
malize the anterior corneal surface.
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ABSTRACT

eratoconus is a degenerative bilateral, noninBam -
matory disorder characterized by ectasia, thinning,
and irregular corneal topography. ! The disorder

PURPOSE:To investigate refractive, topometric, pachy
metric, and visual rehabilitationchanges induced by an
terior surface normalization for keratoconus by partial
topography-guided excimer laser ablation in conjunction
with accelerated, high-Buence cross-linking.

METHODS:Two hundred thirty-one keratoconic cases
subjected to the Athens Protocol procedure were stud
ied for visual acuity, keratometry, pachymetry, and an
terior surface irregularity indices up to 3 years postop
eratively by ScheimpRug imaging (Oculus OptikgerSte
GmbH, Wetzlar, Germany).

RESULTS: Mean visual acuity changes at 3 years
postoperatively were +0.38 + 0.31 (range: -0.34
to +1.10) for uncorrected distance visual acuity and
+0.20 + 0.21 (range: -0.32 to +0.90) for corrected
distance visual acuity. Mean K1 (Bat meridian) kerato
metric values were 46.56 + 3.83 diopters (D) (range:
39.75 to 58.30 D) preoperatively, 44.44 + 3.97 D
(range: 36.10 to 55.50 D) 1 month postoperatively,
and 43.22 + 3.80 D (range: 36.00 to 53.70 D) up to

3 years postoperatively. The average Index of Surface
Variance was 98.48 + 43.47 (range: 17 to 208) pre -
operatively and 76.80 + 38.41 (range: 7 to 190) up
to 3 years postoperatively. The average Index of Height
Decentration was 0.091 + 0.053 pm (range: 0.006
to 0.275 pum) preoperatively and 0.057 + 0.040 um
(range: 0.001 to 0.208 pm) up to 3 years postopera-
tively. Mean thinnest corneal thickness was 451.91
+ 40.02 pm (range: 297 to 547 um) preoperatively,
353.95 + 53.90 um (range: 196 to 480 um) 1 month
postoperatively, and 370.52 + 58.21 um (range: 218
to 500 um) up to 3 years postoperatively.

CONCLUSIONSThe Athens Protocol to arrest keratec
tasia progression and improve corneal regularity dem
onstrates safe and effective results as a keratoconus
management option. Progressive potential for long-term
Rattening validates using caution in the surface normal
ization to avoid overcorrection.

[J Refract Surg. 2014;30(2):88-92.]

usually has onset at puberty and often progresses until the
third decade of life, may manifest asymmetrically in the two
eyes of the same patient, and can present with unpredictable
visual acuity, particularly in relation to corneal irregularities. 2
One of the acceptable options 2 for progressive keratoconus
management is corneal collagen cross-linking (CXL) with ri -
boRavin and ultraviolet-A. 4

To further improve the topographic and refractive out -
comes, CXL can be combined with customized anterior sur -
face normalization. 57 Our team has developed a procedure 8°
we have termed the Athens Protocol, °involving sequentially
excimer laser epithelial debridement (50 pm), partial topog -
raphy-guided excimer laser stromal ablation, and high-Bu -
ence ultraviolet-A irradiation (10 mW/cm  2), accelerated (100,
or minutes) CXL. Early results ' and anterior segment optical
coherence tomography quantitative Pndings *? are indicative
of the long-term stability of the procedure.

Detailed studies on postoperative visual rehabilitation and
anterior surface topographic changes by such combined CXL
procedures are rare,'31¢ particularly those reporting results
longer than 1 year. This study aims to investigate safety and
efpcacy of the Athens Protocol procedure by analysis of long-
term (3-year) refractive, topographic, pachymetric, and visual
rehabilitation changes on clinical keratoconus management
with the Athens Protocol in a large number of cases.

PATIENTS AND METHODS
This clinical study received approval by the Ethics Commit -
tee of our Institution and adhered to the tenets of the Declaration
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Initial clinical experience of topography
customized CXL applications for
myopic, hyperopic (presby) and toric
refractive corneal change

|1
1.

A. John Kanellopoulos, MD 12
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Our Athens teamOs CXL innovations:

¥ Combining high fluence CXL with topo-guided reshapit
of Irregular cornea&n05s

Higher fluence2006

ntrastromal treatments through femto-pockets
_ASIK Xtra:2008 (ESCRS)

_ASIK Xtra for hyperopi2011 (ASCRS)

¥ Creating CXL differentials within the cor2e# (AAO)

#K K K K
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Massive Flattening with the Dresden
protocol CXL (dextran diluted riboflavin and
low fluence-3mw CXL for 300)

¥ 8 years later has flattened 12D!!! (without scarring)
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Prophylactic higher fluence CXL in LASIK
a novel technique

CXL meeting
Dresden 08

¥ Henry Perry, MD and A. John Kanellopoulos, MD
¥ Clinical Associate Professor New York University Medical School
¥ Director, Laservision.gr Institute, Athens, Greece
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Hyperopic LASIK
A drop of 0.1% riboflavin sodium phosphate
solution, just prior to its spread over the exposed
stromal bed
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Compelling clinical CXL evidence in
the contralateral eye Hyperopic LASIK Xtra group
CXL here appears to have a refrative effect through
biomechanical stabilization in hypropic LASIK

Mean Keratometry (O)

12 24m
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CXL differential

¥ The creation of CXL differential

within the cornea can have a
refractive effect
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First presented in the 2012 CXL meeting in Geneva
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REPORT

Very High Fluence Collagen Cross-
linking as a Refractive Enhancement
of a Regressed Previous Astigmatic
Keratotomy
Anastasios John Kanellopoulos, MD

ABSTRACT
PURPOSETo report a novel application of collagen cross-linking
(CXL) in refraciive astigmatic enhancement of previously per
formed astigmatic keratolomy.
METHODS:A 26-yearold woman with pror history of biopics

cortection of high myopic astigmatism with femtosecond laser-
assisted astigmatic keratotomy followed by 1opography-guided

ASIK showed long-tem regression of the astigmalism 4 years

later. A novel CXL application was employed in an attempt (0-1e
verse the regression of the astigmalic keratotomy.

RESULTS:The high Buence CXL intervention resulted in corsec
tion of 2 diopters of topographic and refractive cylinder, Uncor
rected distance visual acuty changed from 20/50 o 20/20 and
refraction from -0.50 -2.00 @ 90 10 +0.25 -0.25 @ 90 at the
7.month follow-up,

CONCLUSIONSA possible novel application of high Buence CXL
wilh refractive cornea effect s introduced. It may offer rapid and
simple rehabiltation and is effect may be taperet

U Refract Surg. 20X0CXX(X)06XX ]

ncisional corneal astigmatic keratotomy has been
years to reduce corneal a

:ant regression from the initial effect in asti
matic keratotomy, including femtosecond laser-
ed astigmatic keratotomy (unpublished data).

CASE REPORT

A 28-yoar-old woman had undergon femtosecond
laser-assisted paired astigmatic keratotomy 4 years
previously followed by a topography-guided LASIK
procedure 3 months later. Her initial refractive error

From Laser Institute, Athens, Greece, and the New York
New York.

Schoal, New York,

University Medic

itted: Janary 26, 2013; Accoptod: March 18, 2013
Dr. Kanellopoulos s a consultant for Avedro and Aloon Laboratores,

mospondence: Anastasios John
Institute, 17 Teocah Strot, A

nellopoulos, MD, Las
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was -8.00 sphere and -6.00 cylinder at 95°, and similar
treatment was porformed in her loft eye. Her preopera-
tive comneal thickness of 530 pm did not permit full
correction through a LASIK procedure because that
would leave residual stroma less than 300 um, which
is the cut-off in our practice

Postoperative uncorrected visual acuity was 20/20
with refraction +0.25 -0.50 @ 90. She was lost to fol-
low-up for 3 years but was then evaluated before cross-
linking treatment for her postoperative care, complain-
ing of reduction in her uncorrected visual acuity in the
right eye from 20/20 to 20/50. Her refraction revealad
1/-2 diopters at 95°AQ1 and her coneal topographic
measurement showed evidence of astigmatic keratot-
omy regression with 2 more diopters of with-the-rule
astigmatism in the loft oye on topography (Figure 1)

We offered the patient the possibility of revising
the astigmatic keratotomy inc

ther corneal thinning and/or astigmatic keratotomy in-
cision extension. We reopened the astigmatic keratot-
omy incisions with a blunt Sinskey hook and infused
the riboflavin 0.3% solution (Vibex XiraAQ2; Avedro
Waltham, MA) within the incision gutters. We allowed
the solution to soak within both reopened astigmatic
incisions for 60 seconds, then removed all of the re-
sidual riboflavin from the corneal surface and the con-

Veck-cell sponge. We then applied
45 mW/em? with the KXL device
(Avedro) for 2.5 minutes, for total ultraviolet encrgy
delivered of 7 Joules.

W ovaluated the patient 1 day, 1 week, and 1, 3,
and 7 months postoperatively. Figure 1 demonstrates
the correction of most of the regressed cylinder by 2
diopters.

DISCUSSION

We previously reported on high-fluence CXL'* and
along with other investigators have alluded to its po-
tential application in influencing refractive change
of the cornea.’ jon of astigmatic keratotomy
has been roported as a previously studied factor.* Wo
have described using anterior segment optical coher-
ence tomography imaging to assess the corneal GXL ef-
foct.® We theorize that in the case reported herein the
refractive effect is achieved by this exact CXL mecha
nism. This intervention may create a significant “dif-
forential” between cross-linked and non~cross-linked
cornea stroma. As a result, the cross-linked stroma
contraction may create a biomechanical tissue and
refractive shift that may explain the clinical findings
There are reports of combining microwave technology

Regre:

Journal of Refractive Surgory * \ol. 1, No. x, 201
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Novel Avedro KXL-Il Device

CE Mark since October 2013
Clinical Experience since July 2013
Riboflavin penetration captured

by Build Bin Scheimpflug image
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Methods

Treatment Activation

A total of 30 cases (12 for myopic and 11 for
hyperopic and 7 toric) were subjected toPiXL

procedure using excimer laser epithelial
removal, 0.25% riboflavin solution soaking and
12Joules total UV energy applied for CXL.

We evaluated pre-operatively and 1, 3, 6
months postoperatively for visual acuity, o G
keratometry, cornea clarity and scatter, Treatment Acvaion
topography (Placido disc, Scheimpflug), as well
anterior segment OCT sections and epithelial

maps

avedro

avedro

Treatment Activation

e New York University Kanellopoulos, MD LaserVision o
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Results

¥ At 8 months: in the myopic cases, an average of
2.2 diopters of central corneal flattening was
documented, with no endothelial or clarity
changes. In the hyperopic cases, an average of
2.1 diopters of central corneal steepening was
documented, and 2D In toric cases with no
endothelial or clarity changes.

¥ There was a slight regression of 1 diopter
regression of the effect within the first month,
that appeared stable thereatfter.

New York University Kanellopoulos, MD
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The myopic shift
(hyperopia- presby treatment)
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Myopic central profile
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8 week PTK + myopic
treatments
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Toric Customized Application
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Toric Customized Application

Time 2 minutes : 58 seconds Time 10 minutes : 22 seconds : . ey
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Customized astigmatism
correction
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Custom Keratoconic Treatment

¥ Custom CXL profile used in a KCN cornea:
Inner ring: 12Joules, middle: 10J, outer 8J

LS oy D 1
Ry, . avedro
ojor l#t‘l‘ 30 Ows 1899 00 0¢ 20 l x

e
o e
fa e | Sete teegy | Brnties | vrsemon | A | om - e P
—— ;—___-‘_‘__-' - = L | - L
-*)- -n)l. ue 49 3% 1) P @ =
¥ T Gl . w L) Ushis Stasl
£ 1 ) T
—- - — — i . Dgmivy )
- . — . -4
B e
4
4
TRt POt 30 M - Pt OR LE & Pume OF 188
— A4S Copprg 6 KD nmn

New York University Kanellopoulos, MD
School of Medicine

l»,,_ggpr\fisi@ n.gr

www.brilliantvision.com =




Topo-guided changes achieved!

Exam A 19moang O % (1 Nght (25 0 S%cwn B 122008 -';!.w OS5 ? =] Dilerence A- 1

20° K1 JusD  Awg 74D g0° K1 J360  Amg 360 20°  Ku [s0SC A |+220 —
"" - - [ -L' - 1 - . 1 'Y -
g_.r'.»-:’— -o' " [l.v 'L :fr(',. 0 3.',"::’ -o' 2 [- 10 ::rv Il ‘6‘ - K2 r 10 ﬁ:,,‘r“ %0 =
G S5, AN * N\ . . o |
o wa 72 os [o* o e 237 o5 (s E el TF o5 | =
Pacly ] o) Pacry el ] Pachy vl e
I Puod Corter . [4-.-_.~. [ om [.' 1 | Pugd Conter . |"u‘ o I'.n 33 F " Prgd Conda . Fa: > [ m Fn N
Thevest Locet: O [l‘-1 | CRL [ 0% Thevestlocs O [ B pn [u o [ 0 Thevestloce © F! e [.' > [.u >

Longe [TER Chanber Volare |:;;-m Arvge |:-:-u Chamter Vo |1 on? Arge  [4123
ACDepEx) I 1'M v Pupd Dis “6'lrr- ACDegthi o) I ) o Pupd D |10 vy AL Depthila) [-ﬂ'“rr- Pugd Dy [ &) xew «a5
o B | Lern Th | P | Lo Th | IDPicen) | Lern Th |

Sagral Cureshns Frore) Sagitw Luarvataw hor) !5.,/.;.2.,.4,.,,;-‘.;-1

4. OD 8-

o~ s0* e a0

o Q o oD a8

o

o

New York University Kanellopoulos, MD e =
e School of Medicine G BRIER RS- CH LasexVision. gr

Institute for laser




Femto-assisted “&E~ = | oo
AK Xtra

- -
N .
L JL
f O
.- o=

st I
" prveg s Tewe  TotslCrergy XPeakion ¥ Pealien  Ase [ e 2 [ g K (D

o - - - - . oo
== o P @ (g

Lot D

M Pacry Iy

S

I\.

Tresrrect Powec 30 madcm’ - Pulss On 105 Puse Oft 10 5

“Version 1090 Copyright © 2013 Avdro. e |

P e

New York University Kanellopoulos, MD
School of Madicine www.brilliantvision.com

LaserVision.gr




2 X 60 degrees at 6mm OZ plus flash CXI
45mW/cm2 for 3 min

A R o | B [B 20N 1300 Len QN 0 5en A . Ditderence A- 1
1:' n |eio Ang  |62C0 L LANN TR Atg [230 9" (S50 BET Ang [+330
M - ) — . o~ L e [ Ovl o e Gval: =<3

BT -}' - 12 |8 l:;:‘ 0% i & ra [+ D fon = - k2 [2an A CF

S E s | O N E e Ha e Fa s
Pacty Xvee] viree| Facty 4y A Fachy =y Ay
Pupd Corten . I?‘I;- l-.‘ | rU-'.:-— Pupd Condex + ll-‘.f; " IAL x I-; 4 PMupd Corde * '.l;~ |<) ) I-J.‘.‘
Thwres Loce O Ifqa: - I.' ) 0 Thwrest Lot [+ ]!.-j. i~ I.\ ] I 243 Theved Lacat C | |1x % I.' 17

(harter Vohre | 108 e A [s1s° (hante: volame i@ Arge 5% Crante Ve {4 g LR

A C Depth et | |17 om PedDa  [25% an A C DeotsBet 1 342 we Puod Ova |; = eve A C Depth 0} [0 PgiDia |40 13am
Oy I (T | Kicat | Lora th | 0o} | Lameh: |

2oved / Sagiat Curvabae Frord] a1 Saginad Curvenue (Froes] Zonal / S el Curvabae Frord) -

g B
4 4
0 0
s d
0] r

New York University Kanellopoulos, MD L
School of Madicine www.brilliantvision.com IR

sexrVision.gr




Clinical Ophthalmology

3

Dove High-fluence collagen cross-linking for myopic refractive correction
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Novel myopic refractive correction “
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early clinical results of a feasibility study

Anastasios John
Kanellopoulos
LaserVision.gtnstitute Athens,

Greece, andNew York MedicalSchool,
New York,NY, USA

Video abstract

Pt your SiRbone at the cortefatmi e a
QR code reader the video abstradt ustta
http://dvpr.es/PeiR39

CorrespondenceA John Kanellopoulos
LaserVision.gmstitute, 17 Tsoch&reet,
115 21Athens,Greece

Tel 30210747 2777

Fax 30 21 0747 2789

Email ajk@brilliantvision.com

Figure 1 Placido disc topography for patient 3 preoperatively (left) and 6 months postoperatively (right) depicting the significant and regular central corneal flattening effect.

epithelial thickness over the treated arBaiire 3). The cross-linking®® utilizing the classic Dresden protocol
Background: The purpose fJf this study is toreport lhe safety .and eﬂ:{cacy of anew applicatioyerage epithelial thickness wag#8 preoperatively, which (3 mw/cn? for 30 minutes), as well as collagen cross-
of collagen cross-linking using a novel device to achieve petlarefractive myopic changes  gecreased to 44m at 1 month postoperatively, and therlinking utilizing higher Ruencé,and even cross-linking

in virgin corneas. increased to 48m at 5 months postoperatively. delivered in eyes that have had riboRavin placed within a
Methods: Four cases were treated with a novel device employing very high-Buence collagen femtosecond laser-created pocket or intrastromal corneal
cross-linking applied in a myopic pattern. Prior to treatment, riboRavin solution was applied tbiSCUSSiOI"I ring segment channelst Over the years, most clinicians
the intact epithelium. The collagen cross-linking device was then engaged for a total of12 J/cm B . - . ) > L

.p o g .g 9 g_ 1 A multitude of reports have established the signibcahgve referred to this process as ORattening,O which has often
to be applied transepithelially in a predetermined pattern. Cornea clarity, corneal keratometry, R . N . . .

) . . R . refractive changes that accompany classic collagdrmen interpreted as Odisease regression.O We have long

and corneal topography were evaluated by both Placido disc and ScheimpRug imaging, along
with cornea anterior segment optical coherence tomography and endothelial cell counts.

Results: An average of 2.3 diopters was achieved in the brst week in all four cases treated

. : . L . . o 3 i — | —
with the very high-Buence myopic collagen cross-linking intervention. There was a slight BEgRI490 QS IST0 PR I 210 ] 110
regression to 1.44 diopters at 1 month, which remaitsdadesat 6-month follow-up. The mean i CE S T — =k [@o g O
keratometry change was from 44.90 diopters to 43.46 diopters. There was no signiPcant change % b - / | C—
in endothelial cell counts or corneal clarity. There was some mild change in epithelial thickness
distribution, with the treated area showing a slight but homogeneous reduction in mean thick lizrie - s o - .
ness frOm 52Nh to 44 Nh Pugd Cantec + |61 IBZ\) «003 Pupd Canter + |SS0pm a1 002
Conclusion: This report describes the novel application of very high-Ruence collagen cross- Thinoest Loce: O [Zem o= an Thenst Locat O [St3ym o L=
linking with a preditable well debPned myopic refractive (Battening) corneal effect. This Chanbes Vohme: [iSmmr Ange rTH o [T hnge o
technique has the advantages of essentially no postoperative morbidity, immediate visual
rehabilitation, and the potential for tapering until the desired result is achieved. At QeI ) A ConbEL: RElDRRY ==
Keywords: myopia, refractive correction, high-Buence collagen cross-linking, clinical results 10Ptcat tmmw [ 0Pfeat M ot [

Sagial Curvature Frord) Sagttal Curvatiee [Frone)

Introduction

Collagen cross-linking has been used for many years as a means of stabilizing cornea
ectasia?®Although a multitude of treatments and techniques are available, it has been
well documented that the procedure almost invariably results in some central anterior
corneal RatteningPswhich has often been interpreted as Odisease regression.O As our o -2 o
understanding and the technology available for collagen cross-linking has progressed,
it has been theorized that differential application of collagen cross-linking in specibc
areas of the cornea may produce priadiile refractive changes. Several aspects of
this theory need further investigation. Is it possible to achieve pabticefractive

o & 4 *7,?.“\’(OD 8

B
changes? Can this be achieved through an intact epithelium? Can the human cornea L 4 L] ‘ 8 8 . 0 . 8

tolerate higher Buence of ultraviolet light? This paper describes the use of & NOVE e 2 scheimpfiug imaging data for patient 3 preoperatively (Ief)) and é months postoperatively (right) depicting the significant and regular central corneal flattening effect.
Abbreviations: D, diopters; OD, right eye.
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Conclusions

¥ CXL differentials can provide
predictableorneal refractive |
changes (as they always had!) Lﬂ.

¥ Photorefractive Inteatromal CXL
treatments with thEXL IT have
proven safe and effective

¥ This initial very highiuence
feasibility cases proved safe! (no
scarring, haze)

uum .YoEk uﬁiv.%i;? Kanellopoulos, MD LaserVnsn@n g g
- TS | :
- U R

wwwb illiantvision.com |




Conclusions

¥ The novel PiIXL procedure
corrective changes without the need
of corneal stroma tissue removal.

¥ In the case of hyperopic treatments,
these changes may aid with
presbyopic vision as well.

¥ Longer follow-up and further
studies may be needed to refine the
dose-effectnomogram and further
validate these compelling findings.
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International Socety of Refractive Surgery

A Pariner of the Amenican Acodemy of Ophthalmology
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Refractive Surgery Subspecialty Day, the ISRS Annual Meeting

Refractive Surgery Subspecaly Day runs concurrently with the ISRS Annual Meeting. This two-day meeting provided a
comprebensive update of developments in refractive, comea, cataract and lens-based surgery, with an emphasis on managing and

avoiding complications

Refractive Surgery Subspecialty Day 2014: Mission 20/20 SUbSPeCiagY

a
Friday, 17 Octlober - Saturday, 18 October y
Arie Crown Theater, McCormick Place l 2014
Chicago, |lnois October 17-18
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