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Abstract

Purpose—To evaluate the repeatability of corneal epithelial thickness (ET) and corneal
thickness (CT) measurements in normal and LASIK eyes using the optical coherence tomography
(OCT, RTVue).

Methods—In 35 right eyes of 35 normal subjects and 45 right eyes of 45 subjects with prior
myopic LASIK, corneal ET and CT were evaluated in 17 areas: 1) one central zone within 0-2.0
mm diameter, 2) eight paracentral zones from 2.0-5.0 mm diameter, and 3) eight peripheral zones
from 5.0-6.0 mm diameter. The repeatability was assessed using within-subject standard deviation
(SD), coefficient of variation (CoV), and intraclass correlation coefficient (ICC).

Results—At the central and paracentral zones, respectively, the SD values were 0.7 um and
0.6-0.9 um in normal eyes and 0.7 um and 0.8-1.7 um in LASIK eyes for ET, and 1.0 um and
2.8-4.6 um in normal eyes and 1.3 pm and 4.0-4.8 um in LASIK eyes for CT. At the peripheral
zones, in normal and LASIK eyes, respectively, SD values ranged from 0.8-1.2 um and 1.4-2.2 ym
for ET, and 4.1-6.4 ym and 6.0-9.1 um for CT. The CoV values were low and ICC values were
high in both groups for both ET and CT measurements.

Conclusion—The OCT produced excellent repeatability, especially at the central and
paracentral zones up to 5-mm diameter for both corneal epithelial thickness and corneal thickness
measurements.

Keywords

corneal epithelial thickness; optical coherence tomography; repeatability; normal and Post-
LASIK/PRK eyes.

Introduction

The corneal epithelium is a critical element of the optical system of the eye. Corneal
epithelial thickness can change in response to underlying corneal stroma changes to reduce
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corneal irregularity in response to corneal surgery or injury. Accurate and reproducible
measurements of the corneal epithelial thickness (ET) provide important information for
detecting early changes of keratoconus, assessing corneal remodeling changes after corneal
refractive surgery, and monitoring development of corneal ectasia.12 Confocal microscopy
and very high-frequency ultrasound have been used to map the corneal epithelium and
stromal thickness.3-6 Optical coherence tomography (OCT) is a non-invasive powerful
imaging technique that can produce cross-sectional images of the anterior and posterior
segments of the eye.

Fourier-domain OCT has a higher speed, lower acquisition time and a higher signal-to-noise
ratio compared to conventional time-domain OCT. It has been shown that the Fourier
domain-based anterior segment OCT has a better reliability than time-domain OCT.” In
normal subjects, Vidal et al & reported that the repeatability and reproducibility of corneal
ET measurements was poor using the Fourier-domain SOCT Copernicus HR system, and
Prakash and colleagues ° found reliable and reproducible measurements of corneal ET at
vertex using the Fourier-domain based Cirrus HD-OCT. The purpose of our study was to
evaluate in normal and post-LASIK corneas the repeatability of corneal ET measurements
made by the Fourier-domain based RTVue system (Optovue, Inc., Fremont, CA).

Subjects and Methods

Subjects

Institutional Review Board approval was obtained for this study. Retrospectively,
consecutive cases with three OCT scans at single visit between January 2011 and December
2012 were reviewed. Two groups of subjects were included: 1) normal subjects with virgin
corneas and no history of corneal diseases (normal eyes), these were subjects who were
scheduled to undergo corneal refractive surgery or cataract surgery; and 2) subjects who had
undergone myopic LASIK (LASIK eyes) and presented for preoperative examination for
cataract surgery. Inclusion criteria were no contact lens wear within 2 weeks of the OCT
measurements and three OCT scans centered around the pupil.

In normal eyes, 35 right eyes of 35 subjects with mean age of 41 + 15 years (range 21-75
years) were included. Of the 35 subjects, 16 were male and 19, female. In LASIK eyes, 45
right eyes of 45 subjects with prior myopic LASIK were enrolled. The mean age was 62 + 8
years (range 42-78 years), and 27 were male and 189 were female. Subjects had LASIK
2-14 years ago and 18 eyes had historical data available with average amount of refractive
correction of 4.36 + 2.83 D (range 0.88 — 11.13D).

OCT measurements

We used the RTVue Fourier-domain OCT system with a cornea-anterior module long
(CAM-L) adaptor lens. This device has a scan speed of 26000 axial scans per second using
wavelength of 830-nm. 10 A “Pachymetry + Cpwr (corneal power)” scan pattern centered at
the pupil center was used to map the cornea. Each eye was scanned 3 times. Subjects were
asked to sit back after each scan, and the device was realigned before each scan.
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Scans were reprocessed using the RTVue epithelial software (Version 6.8.0.27). Data were
collected from corneal epithelial map and corneal pachymetry map. Average values in 17
areas were obtained: 1) one central zone within 0-2.0 mm diameter, 2) eight paracentral
zones from 2.0-5.0 mm diameter, and 3) eight peripheral zones from 5.0-6.0 mm diameter.

Data analyses

Results

The repeatability was assessed using three parameters: 1) within-subject standard deviation
(SD), which is the pooled SD of repeated measurements (Sw).11 | 2) the coefficient of
variation (CoV in %), which is defined as the ratio of the SD of the repeated measurements
to the mean; a lower CoV value indicates higher repeatability, and 3)the intraclass
correlation coefficient (ICC), which is a measure of correlation or consistency of repeated
measurements.; the ICC values range from 0-1, with 1 being perfect consistency.

Microsoft Office Excel 2007 and SPSS software (version 15.0, SPSS, Inc.) were used for
statistical analysis. Data were first checked if they were normally distributed. Then, a
student t-test was used to compare normally distributed values between normal eyes and
LASIK eyes. An F-test was performed to compare the standard deviation values. The
Bonferroni correction was used to adjust the multiple comparisons. A P value smaller than
0.05 was considered statistically significant.

Corneal epithelial thickness

Compared to LASIK eyes, normal eyes had significantly smaller mean corneal ET at the
center, 6 paracentral zones, and 1 peripheral zones (Figure 1) (all P<0.05).

In normal and LASIK eyes, respectively, the SD values were 0.7 pm and 0.7 um in the
central zone, and 0.6 - 0.9 um and 0.8 - 1.7 um in paracentral zones (Figure 2); these values
were significantly smaller in normal eyes than those in LASIK/PRK eyes, except the inferior
zone (all P<0.05). In the peripheral zones, superior-temporal and temporal zones had smaller
SD in normal eyes.

In the central and paracentral zones, the CoV values ranged from 0.98 - 1.30% in normal
eyes, and 1.05 - 2.00% in LASIK eyes (Figure 3); there was no significant difference
between the two groups. In the peripheral zones, superior and temporal zones had smaller
CoV values in normal eyes.

In the central and paracentral zones, the ICC values were =0.967 in normal eyes, and =0.957
in LASIK eyes (Supplemental Digital Content Figure 1). In the peripheral zones, the ICC
values were =0.917 in normal eyes, and =0.891 in LASIK eyes. There were no significant
differences between two groups.

Corneal thickness

Compared to LASIK eyes, normal eyes had significantly greater CT at the center and 4
zones at the paracentral zones (Figure 4) (all P<0.05).
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In normal and LASIK eyes, respectively, the SD values were 1.0 um and 1.3 um in the
central zone, <4.6 um and <4.8 um in the paracentral zones, and <6.4 um and <9.1 um in the
peripheral zones (Figure 5). There were no significant differences between the two groups.

In the central and paracentral zones, the CoV values ranged from 0.16 - 0.70% in normal
eyes, and 0.22 — 0.77% in LASIK eyes (Figure 6); there were significant differences in nasal
and inferior-nasal zones. In the peripheral zones, nasal and superior-nasal zones had smaller
CoV values in normal eyes.

In all zones, the ICC values were =0.989 in normal eyes, and >0.983 in LASIK eyes
(Supplemental Digital Content Figure 2). There were no significant differences between the
two groups.

Discussion

OCT is a non-invasive technique for corneal epithelium measurements. There were a few
studies in the literature that evaluated the reproducibility of central corneal ET
measurements. 8-9: 12-13 |n this study, we evaluated the repeatability of corneal ET and CT
measurements at the center, paracentral and peripheral zones in normal and LASIK eyes
using the RTVue.

For corneal ET measurements, the SD values were less than 1 um at the central and
paracentral zones in normal eyes. In LASIK eyes, the SD values were 0.7 um at the central
zone, and <1.7 pm in the paracentral zones. Although the SD values in normal eyes were
significantly lower at the central and paracentral zones than those in LASIK eyes, the
differences were not clinically significant. The CoV values were low and ICC values were
high in both groups, indicating excellent repeatability.

Using a time-domain OCT (Zeiss OCT imager), for central corneal ET measurements in 18
normal subjects, Sin and Simpson®3 reported ICC values of < 0.73. Using the Fourier
domain based device SOCT Copernicus HR, in 30 healthy eyes, Vidal et al® found that
repeatability for corneal epithelial measurements was poor with ICC value of 0.391. In
contrast, the ICC values for central corneal ET found in current study using the RTVue were
>0.98.

In the study investigating the role of the axial resolution of OCT on the measurements of
corneal and epithelial thickness using 4 devices, Ge and colleagues 12 reported the
repeatability of central CT and ET in 20 healthy subjects and 18 patients with prior LASIK.
Using the RTVue, they found that the ICC values for the central ET (0-2 mm) were 0.74
-0.89 in healthy eyes and 0.84-0.88 in LASIK eyes, which were lower than the ICC values
of 0.985 in normal eyes and 0.995 in LASIK eyes found in our study. One difference
between these two studies is the software used to measure the corneal ET. In their study,
they developed their own algorithm for segmenting the layers of the corneal images obtained
from the RTVue, and we used the software developed for the RTVue by the manufacturer.

We also found excellent repeatability of corneal ET measurements at the paracentral and
peripheral zones. Our results showed that, at 5-6 mm diameter zones, the SD of corneal ET
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was <1.2 ym in normal eyes and 1.3 p in LASIK eyes, and ICC values of 0.99 in both

groups. THese findings were in consistent with reports in the literature using various OCT
devices. 7-8:10.14-21

Limitation of the study includes: 1) we did not evaluate the repeatability of corneal epithelial
thickness measurements in PRK eyes, and the corneal epithelial responses may be different
following LASIK and PRK; and 2)we included patients who underwent LASIK 2-14 years
ago, and we assume that the corneal remodeling is stable after 2 years of the surgery.
However, the purpose of this study was not to assess the long-term epithelial remodeling
postoperatively; instead, using OCT, we wanted to evaluate the repeatability of corneal
epithelial thickness measurements in post-LASIK eyes.

In summary, the Fourier-domain based RTVue device produced excellent corneal epithelial
thickness and corneal thickness measurements at the central and paracentral zones up to 6-
mm diameter.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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