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Purpose

This study intends to compare the characteristic distributive epithelial pattern by
Fourier-domain anterior segment-optical coherence tomography (AS-OCT) corneal
mapping between keratoconic and normal eyes.

Patients and methods

This prospective case—control study included 51 participants who were divided into
two groups: study group A (formed of 50 eyes of 26 keratoconic participants) and
control group B (50 eyes of 25 healthy controls of matched age and sex with group
A). Maps of corneal epithelial statistics within central 5 mm [S: 2-5 mm (superior), I:
2-5mm (inferior), minimum, maximum, SD (topographic variability),
minimum-maximum], and the total corneal pachymetry maps were assessed by
the Fourier-domain AS-OCT system and imaged by Scheimpflug imaging corneal
topography for both groups.

Results

For group A of keratoconic corneas, the attained results are as follows: the mean of
epithelial thickness at the center was 50.1+7.98 ym, superior 56.01+6.98 um,
inferior 48.73+5.97 pm, minimum 39.95+9.11 um, maximum 62.92+8.85um,
minimum-maximum -22.01+10.91 um, and topographic variability 6.9+4.2 um.
For group B of healthy control eyes, the mean of epithelial thickness at the
center was 52.71+£3.71pum, superior 52.29+3.32um, inferior 53.42+3.11 um,
minimum 48.89+3.71 pm, maximum 55.92+3.47 pm, minimum-maximum -6.3
+3.51 um, and topographic variability 1.53+0.82 um. All variables of epithelial
thickness between the two groups are significant (P<0.01). In comparing the
epithelial map of keratoconus (KCN) with the control group, the epithelium was
found to be thicker at the maximum (+7 pm) and superior location (+3.72 um), but
thinner at the minimum (-8.94 um) and the inferior (—4.69 pm) with highly significant
differences in both minimum-maximum (-15.71) and topographic variability
(+5.37). Moreover, in KCN, the point of minimum epithelial thickness was in
accordance with the minimum point of the total corneal thickness and the
maximum point of back elevation.

Conclusion

The mapping for epithelial thickness utilizing AS-OCT could be a promising tool in
KCN diagnosis.
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Introduction

KCN is a degenerative, noninflammatory ectatic
corneal pathology where the cornea protrudes in a

The epithelium is one of the protective mechanisms of
the cornea, and it comprises five to seven layers of cells
with an increased ability of self-turnover in about 5-7
days [1,2]. Corneal epithelium thickness is ~50-52 pm
central and shares about 1.03 D and 0.85 of corneal
refractive power over the central 2-mm and 3.6-mm-
diameter zones, respectively [3]. The corneal epithelium
is characterized by its great ability to reshape and
modulate its thickness profile to afford an even,
smooth, and regular optical surface masking the
irregular stromal surface as in LASIK flap
complication cases and early cone of keratoconus

(KCN) [4,5].
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conical manner owing to the continuous progressive
steepening, thinning of the corneal stroma, and its
biomechanical stability reduction [6].

Corneal topography is the gold standard in the
assessment of ectatic cornea [7]. There were reports
of eyes with apparently normal topography but
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developed post-LASIK ectasia [8,9]. One important
before detecting
subclinical early-stage KCN, which promotes post-

issue refractive  procedures is
LASIK ectasia. Anterior segment-optical coherence
tomography (AS-OCT) is noncontact, which
provides high-quality, enhanced resolution two-
dimensional image of the structure of a three-
dimensional ~ structure  depending on  an
interferometer by comparing the delay and the
difference of the intensity from the scattering of two

distinct light beams [10,11].

The AS-OCT provides a perfect delineation of corneal
surfaces, accurate assessment of the pachymetry
(corneal thickness), and a precise evaluation of

epithelial thickness of corneal mapping [12].

The study of the epithelium might deliver important
clues in the early diagnosis of KCN. Some studies on
KCN disclosed ongoing thinning of the stroma of the
cone with an overlying confined area of a thinner
epithelium surrounded by a donut of the thicker
epithelium [10]. Several methods have been used to
map the corneal epithelium [10,13,14].

In this study, our objective is to study the corneal
epithelium thickness profile of KCN by epithelial
mapping using AS-OCT for the future utility as an
ancillary promising diagnostic tool for early detection

and tracking of KCN patients.

Patients and methods

This prospective case—control study was approved by
the ethics committee of Benha University, Benha,
Egypt, adhering to the tenets of the Declaration of
Helsinki. Each participant was assigned an informed
written consent.

The study involved 51 participants who were divided
into two groups: study group A (50 keratoconic eyes of
26 patients) and control group B (50 eyes of 25 healthy
controls of matched age and sex with group A). The
exclusion criteria included signs or history of any
corneal pathology (dystrophy, keratitis, and trauma),
previous refractive or intraocular surgery, a late sign of
KCN such as hydrops, and corneal scars (two eyes with
corneal scars were excluded from the study).

Complete ophthalmic assessment of all participants
included wuncorrected visual acuity, best-corrected

distance visual acuity, the manifest and full
cycloplegic  refraction, comprehensive — slit-lamp
examination, intraocular pressure measurement,

dilated fundus
imaging corneal tomography by the WaveLight
Oculyzer
Zemun, Beograd).

examination,

and  Scheimpflug

(O¢naBolnicaProfesional,  Tricanska,

In the study keratoconic eyes were diagnosed by clinical
signs of KCN, as Rizzutti’s sign (conical reflection on
the nasal cornea by the lighting of the temporal
cornea), Fleischer ring (deposition of iron in the
epithelium near the base of the cone), scissoring of
red reflex by retinoscope, and Vogt’s striae and were
confirmed by topographical characteristics for KCN as
the power of central cornea more than or equal to 47.2
D, inferior superior power difference more than or
equal to 1.4 (the mean of dioptric power of 5 inferior
points minus the mean of dioptric power of 5 superior
points, 3 mm from the corneal vertex), and the index of
KISA% more than or equal to 100% (the product of
four indices in the topography).

Corneal pachymetry and epithelial thickness maps
were provided by the Fourier-domain AS-OCT
system (Optovue, Fremont, California, USA) with
an add-on lens (corneal adaptor module CAM-L
mode: 6.0-2.0 mm) using a wavelength of 830 nm at
a rate of 26 000 axial scans per second, of 5 pm axial
resolution, and of 15 pm transverse resolution. Eight
high-definition meridional B scans of 6 mm centered
on the pupil were scanned in 0.31s. Each B scan
formed of 1024 A-scans and takes about 0.04s. The
examination is completed and repeated five times
within 1.55s. The analysis algorithm automatically
displayed the corneal pachymetry and epithelial
thickness maps over the area of 6 mm diameter,
which is split into 17 sectors, formed of the pupil
center disk (2-mm-diameter of 12.56 mm? area), the
annulus between the 2-5 mm zones (divided into eight
sectors, each of 8.24 mm? area), and the annulus of
5-6 mm zones (formed of octants, each of 4.32 mm?
area). Epithelial software measures the superior
epithelium (S): the value of mean thickness in the
superior epithelium, the inferior epithelium (I): the
value of mean thickness in the inferior epithelium, the
minimum epithelium: the thickness of the thinnest
point of the epithelium, the maximum epithelium: the
thickness of the thickest point of the epithelium,
minimum-maximum: the minimum epithelial
thickness minus the maximum epithelial thickness,
SD: the variance of all epithelial thicknesses within
all 17 segments, central epithelial thickness (CET): the
central point epithelium thickness.

He pachymetry map calculates the following: super
nasal-infer temporal (SN-IT): the super nasal
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thickness-the inferior temporal thickness; S-I: the
mean superior corneal thickness-the mean inferior
corneal thickness; minimum: the thickness of the
thinnest corneal point; Location Y: the thinnest
point location within the vertical meridian [(+)
values for locations superior to the vertex of the
cornea and (-) values for locations inferior to the
corneal vertex]; minimum-median: the difference of
thickness between the thinnest point and the median of
all  points; minimum-maximum: the thinnest
thickness-the thickest corneal points; and CCT: the
central corneal thickness.

Statistical analysis
The data analysis was executed by the Statistical
Program for Social Sciences, version 20 (SPSS Inc.,

Chicago, Illinois, USA).

Quantitative variables were mentioned as the mean and
SD. Qualitative variables were presented in the form of
number and percent. For comparison of parametric
quantitative variables between two groups, Student’s #
test was done and P value less than 0.05 is taken into
account to be significant.

Results

This study included 100 eyes of 51 patients and was
divided into group A: 50 keratoconic eyes of 26 patients
(14 men and 12 women) and group B: 50 eyes of 25
healthy individuals (15 males and 10 females).
Concerning the patient’s age, there was no statically
significant difference (P=0.31), as the mean age of the
control group B was 32.51+11.12 and the mean age of
group A was 34.72+10.31.

All variables of epithelial thickness between two groups
are significant, while the data are mentioned according
to the significance.

Regarding topographic variability, there was a
statistically significant difference in the mean of the
SD (P<0.00000003) between the healthy control
group B (1.53+0.82) and the keratoconic group A
(6.9+0.42), as illustrated in Fig. 1. Inherently, in the
minimum-maximum, there was a statistically
significant  difference  of  the mean  of
minimum-maximum  epithelium  (P<0.00000005)
between the healthy control group B (-6.3+3.51)
and keratoconic group A (-22.01+10.91) (Fig. 2).

Accordingly, for the minimum epithelium, there was a
statistically significant difference in the mean value of

Min epi (P=0.000000005): between healthy control

Figure 1
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and the keratoconic group.

group B (48.89+3.71) and keratoconic group A (39.95
+9.11). Furthermore, for the maximum epithelium,
there was a statistically noteworthy variance of the
mean of Max epi (P=0.0000003) between healthy

control group B (55.92+3.47) and keratoconic group
A (62.92£8.25, Fig. 3).

Regarding the inferior epithelium, a statistically
significant difference is noticed in the mean of
inferior epithelium (P=0.000003) between the
healthy control group B (53.42+3.11) and
keratoconic group A (48.73+5.97).

Subsequently, for the superior epithelium, there was a
statistically significant difference of the mean of Sup-
epi: (P=0.001) between the healthy control group B
(52.29+3.32) and the keratoconic group A (56.01
+6.99).

CET reveals a statistically significant difference in the
mean of CET (P=0.03) between the healthy control
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Figure 3
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Mean values of minimum epithelium and maximum epithelium of the
healthy control group and the keratoconic group.

group B (52.71+3.08) and the keratoconic group A
(50.1+7.98).

All variables of pachymetry map measures between two
groups are signiﬁcant.

Variables Keratoconic Healthy control P
group A (mean B (mean+SD)  value
+SD)

SN-IT 65.92+35.2 17.42+12.85 <0.000
S-l 50.12+30.9 8.21+12.41 <0.000
Minimum 440x42.2 529+29.81 <0.000
Y location -952+485 -157+289 <0.000
Min-Med -51.39+20.36 -18.9+7.2 <0.000
Minimum-maximum -110+49.92 -52.9+9.61 <0.000

By studying the distribution pattern of the epithelial
thickness in the keratoconic group, we revealed the
point of minimum corneal epithelium thickness that
was located inferotemporal to the corneal center
(within the central, inferior temporal, inferior, and
temporal octants) in the inferior half of the corneal
epithelial map. This point of minimum epithelial
thickness coincides with the minimum point of total
corneal thickness and is in close relation to the
maximum point of back elevation. In KCN, the
corneal epithelium was thinner inferior more than
superior with maximum thinning over the cone and
surrounding with variable degrees of the thickened
epithelium as depicted in Fig. 4. Conversely, in the
control group, the corneal epithelium was superior
thinner more than inferior.

In comparing the epithelial map of KCN to the
control group, the epithelium was found to be
thicker at the maximum (+7pm) and superior
location (+3.72um), but thinner at the minimum
(-8.94um) and the inferior (-4.69 um). That is

causing  highly

significant  variances in both
(-15.71) and topographic

minimum-maximum

variability (+5.37).

Discussion

KCN is the most important ectatic corneal disorder,
which prerequisites careful attention to be excluded
before any refractive surgery to avoid the catastrophe of
postoperative ectasia. Corneal tomography is still the
cornerstone in the differentiation of the KCN from
normal eyes [15].

Suspicious parameters could occur in non-keratoconic
corneas such as abnormally increased anterior or
posterior elevation, focal steepening, and increased
astigmatism [16]. Moreover, other factors may be
misinterpreted as KCN, such as instability of tear
film, misalignment, the patient’s inability to fixate,
corneal transparency loss, and contact lens warpage

[7-9,17].

Corneal epithelium mapping by AS-OCT is a good
supplementary screening tool to distinguish KCN from
pseudo-KCN [18,19]. In KCN, there was epithelial
thinning over the cone surrounded with a variable
degree by an annulus of the thickened epithelium
[10,18], whereas pseudo-KCN may be correlated to
localized epithelial thickening [20].

That converges with our study, as in the keratoconic
group, the mean corneal epithelium was thinner
inferior (48.73+5.97) more than superior (56.01
+6.98) by about 7.28 with maximum thinning over
the cone and surrounding with variable degrees of
thickened epithelium.

In our study, the distribution pattern of epithelial
thickness in the keratoconic eyes is characterized by
thicker epithelium superior (+3.72pum) and at the
maximum (+7 pm), thinner inferior (-4.69 um) and
the minimum (-8.94pm), and highly significant
differences in both minimum-maximum (-15.71)
and topographic variability (+5.37) in comparison to
the normal eye (all variables are significant P<0.01).
In addition to the point of minimum corneal
epithelium, the thickness was placed inferotemporal
to the (within the central,
inferotemporal, inferior, and temporal octants) in
the inferior half of the corneal epithelial map and
coincides with the minimum point total corneal
thickness and in accordance with the maximum
point of back elevation.The former studies of
epithelial thickness profiles of normal corneas

corneal center
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Figure 4
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Corneal thickness spatial profile, pentcam indices for keratoconus, and corneal thickness (pachymetry) by WaveLight Oculyzer Il (A), maps for
corneal epithelial thickness and total corneal pachymetry (B), variable values of corneal pachymetry (C), and variable values of the epithelial
thickness (D) by Fourier-domain AS-OCT system RTVue. AS-OCT, anterior segment-optical coherence tomography.

disclosed that the superior meridian was thinner than
the inferior cornea [21-23]. Our study matches that
result as the mean of normal superior epithelial
thickness was 52.29+3.32 and inferior epithelial
thickness was (53.42+3.11) with a difference of
about 1.13. This can be explained by several
theories for epithelial thickness vertical asymmetry.
First, Reinstein ez al. [24] suggested that the friction
effect of blinking abrades the epithelium of the cornea
with a greater force applied on the superior meridian.
Second, Du ez al. [25] hypothesized that the upper
eyelid exerts a constant force on the superior meridian
causing long-term thinning. The upper eyelid covers a
larger portion of the cornea in comparison to the lower
eyelid in addition to gravity [10].

King-Smith ez al. [26] supposed that pooling of the
tear film in the inferior meridian may afford a false
thick reading. However, the last suggestion rebutted
by Reinstein ez al. [27] by exploiting the VHF
digital ultrasound with the immersion of the eye
into normal saline and elimination of the role of the
tear film from the analysis. Finally, the tear film
may have less contact time with the superior

meridian and so less lubrication and more

desquamation [28].

Conclusion

The characteristic profile of epithelial thickness in
KCN, mainly variability of topography (an increase
of standard of deviation), the difference between the
maximum and minimum thickness, and the
distribution pattern of epithelial thickness offers
an adjuvant complementary diagnostic tool in
screening and diagnosis of KCN supporting the
clinical, topographic, and Scheimpflug
tomographic  indicators in  decision-making,
especially in suspected subclinical early-stage cases
before refractive surgery.

The limitation of our study is the small number of
participants. Correlation of epithelial thickness with
the severity of KCN and Pentacam indices will be
assessed in future studies.
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