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Purpose:
To comparatively evaluate epithelial remodeling differences between myopic
correction performed with Small Incision Lenticule Extraction (SMILE) and
femto-second-assisted LASIK.
1

	


Prof. A. John Kanellopoulos, MD	

www.brilliantvision.com	


Epithelial thickness distribution in Normal vs Dry Eye
MS NO: ICO202744

BASIC INVESTIGATION

In Vivo Three-Dimensional Corneal Epithelium Imaging
in Normal Eyes by Anterior-Segment Optical Coherence
Tomography: A Clinical Reference Study
Anastasios John Kanellopoulos, MD,*† and George Asimellis, PhD*

Purpose: To evaluate the safety and efﬁcacy of real-time measurement of corneal epithelial thickness and investigate the distribution
characteristics in a large normal-eye population using a clinically
available spectral-domain anterior-segment optical coherence tomography (AS OCT) system.

Methods: Corneal epithelial thickness distribution and topographic
thickness variability were clinically investigated using AS OCT
imaging in 373 patients with normal, healthy eyes. Descriptive
statistics investigated 3 sets of subgroups, male (n = 171) and female
(n = 202), younger (n = 194) and older (n = 179), right eyes (n = 195)
and left eyes (n = 197).
Results: Pupil center epithelial thickness repeatability was an
average 0.88 6 0.71 mm; a similar repeatability was noted for the
superior, inferior, maximum, and minimum epithelial thickness. On
average, the pupil center epithelial thickness was 53.28 6 3.34 mm,
superior 51.86 6 3.78 mm, inferior 53.81 6 3.44 mm, minimum
48.65 6 4.54 mm, maximum 56.35 6 3.80 mm, and topographic
variability was 1.78 6 0.78 mm. Small differences were noted
between male (average center 54.10 6 3.34 mm) and female
(52.58 6 3.19 mm) subjects. The topographic thickness variability
seems to increase with age: younger group, 1.65 6 0.83 mm; older
group, 1.93 6 0.90 mm (P = 0.173).

Conclusions: We present a comprehensive investigation of corneal
epithelial thickness distribution characteristics in a healthy, untreated
human eye population by using in vivo, clinically available Fourierdomain AS OCT. The 3-dimensional epithelial maps reveal epithelial
nonuniformity and provide a novel benchmark for future and comparative studies.
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T

he distribution of the corneal epithelial layer thickness can
be very useful in clinical1 and in basic research.2,3 Epithelial thickness maps may be valuable in making close-call
clinical decisions and can aid in a safer screening of excimerlaser corneal refractive surgery candidates. The reason for this
is the epithelial average thickness differences, and the topographic thickness irregularities,4 which may contribute
unevenly to the total corneal refractive power.
Several clinically available modalities may facilitate
in vivo corneal epithelial thickness measurement, including
scanning high-frequency ultrasound (HF-UBM),1 confocal
microscopy,5,6 and anterior-segment optical coherence tomography (AS OCT),7,8 complementing corneal cross-sectional
imaging9,10 and pachymetry.11,12 The recent availability of corneal epithelial imaging by AS OCT presents a practical tool for
clinical in vivo epithelial mapping, with the speed of optical
imaging and ease of use due to the noncontact nature.13–15
This study evaluates the clinical quantitative and qualitative 3-dimensional imaging of the corneal epithelial layer in
a large number of normal eyes by means of AS OCT. We
report here clinical results regarding epithelial thickness
mapping in normal corneas with a commercially available
AS OCT system. This study aims to investigate the accuracy
and precision of the epithelial thickness distribution in a large
pool of healthy eyes, and investigate gender and age speciﬁcs.

MATERIALS AND METHODS
This prospective study received the approval of the
Ethics Committee of our Institution, adherent to the tenets of
the Declaration of Helsinki. Informed written consent was
obtained from each subject at the time of the ﬁrst clinical visit.
The study group (n = 373 different cases) consisted of
patients with unoperated, normal eyes with no current or past
ocular pathology other than refractive error, no previous surgery, and no present irritation or dry eye disorder, all conﬁrmed
by a complete ophthalmologic evaluation. Contact lens wearers
were excluded. To avoid potential artifacts (eg, because of
possible drop instillation), OCT imaging preceded the ocular
clinical examination.
The Fourier-domain AS OCT system RTVue-100
(Optovue Inc, Fremont, CA), running on analysis and report
software version A6 (9.0.27), was used in the study. Data
output included total corneal and epithelial thickness maps
corresponding to a 6-mm diameter area. The settings were
L-Cam lens, 8 meridional B-scans per acquisition, consisting
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Epithelial remodeling following LASIK
Epithelial thickness remodeling following LASIK has
indicated a slight (average +3 µm) increase in epithelial
thickness.
The increase was not-lenticular, emphasized in the midperiphery of 5 mm.
The noted increase showed a positive correlation to the
amount of attempted myopic correction: the larger the
myopic correction, and thus, the stromal flattening, the larger
the noted epithelial thickness increase.
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Methods:

Anterior-segment Fourier-domain OCT (Avanti, Optovue,
Fremont, CA) epithelial imaging was employed to instigate changes in
epithelial thickness
• Center over the 2 mm-diameter pupil center disk;
• Mid-peripherally between the 2 to 5 mm zones,
• Topographic variability over the 6 mm zone.
Changes were observed one month postoperatively, in comparison to the
pre-operative baseline. 50 myopic cases were investigated.
• Group-A (n = 25) SMILE procedure (VisuMax, Carl Zeiss Meditec, Jena
Germany),
• Group-B 25 (n = 25) LASIK procedure (FS200 Femtosecond and EX500
Excimer lasers, Alcon, Ft. Worth, TX).
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Results
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Results
Group-A (SMILE)

Group-B (LASIK)

Mean SEQ corrected: -5.09±.97 D (-10.75 to -3.25)

Mean SEQ corrected: -4.592.53 D (-10.00 to -2.25)

Center Epithelial thickness:

Center Epithelial thickness

Pre-operative 54.72±4.03 µm (48 to 59)

Pre-operative 54.99±4.14 µm (48 to 59)

Post-operative 57.28±2.75 µm (54 to 62)

Post-operative 58.20±2.88 µm (53 to 64)

Δ = +2.56±2.91 µm (0 to 7), p = 0.035

Δ = +3.21±2.56 µm (0 to 6), p < 0.05

Mid-peripheral Epithelial thickness:

Mid-peripheral Epithelial thickness:

Pre-operative 54.88±3.74 µm (46 to 60)
Post-operative 58.23±2.05 µm (55.12 to 61.50)

Pre-operative 54.68±3.74 µm (46 to 60)

Δ = +3.45±2.15 µm (1 to 9), p < 0.002

Post-operative 57.93±2.22 µm (54.76 to 62.45)
Δ = +3.25±2.54 µm (1 to 8), p < 0.001
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Conclusions
•

Early myopic SMILE epithelial remodeling appears to be slightly better
when compared to myopic LASIK.

•

We stipulate that this difference may reflect a similar difference in transient
dry-eye symptoms encountered in both procedures

•

Long-term (6 and 12 month) data may elucidate an expected greater
difference in Smile cases that offer the minimal surface intervention not only
compared to LASIK but also when compared to PRK.
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