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ORIGINAL ARTICLE

Role of Epithelial Mapping in Differentiation
Between Early Keratoconus and High Regular
Astigmatism Using Anterior Segment Optical
Coherence Tomography

Mustafa Muhammed Badawi a,*, Ahmed Salah Abdel Rehim b,
Abdel Ghany Ali El Gabbar b

a Giza Memorial Institute for Ophthalmic Research, Giza, Egypt
b Department of Ophthalmology, Faculty of Medicine, Al-Azhar University, Cairo, Egypt

Abstract

Background: Epithelial thickness mappig can be used adjunctive tool for sensitivity and specificity improvement in
early detection of keratoconus screening using Anterior Segment Optical Coherence Tomography (OCT).
Aim: The aim of this study is to detect the role of epithelial thickness mapping in early detection and differentiation

between early keratoconus and high regular astigmatism.
Patients and Methods: A cross-sectional observational study included 25 eyes of early keratoconus cases and 25 eyes of

high regular astigmatism controls conducted at Magrabi Eye Hospital eTanta between October 2021 and August 2022.
Results: The findings revealed that the mean central epithelial thickness was significantly thinner in early keratoconus

eyes (49.84 ± 1.95 mm) than that in high regular astigmatism (53.24 ± 3.72 mm) (P value ¼ 0.002). Early keratoconus cases
had significantly lower thinnest location (42.92 ± 2.53 mm) compared with high regular astigmatism (46.00 ± 5.17 mm) (P
value < 0.001).
Conclusion: Measurement of epithelial thickness provided by anterior segment optical coherence tomography-

epithelial-mapping is beneficial for early identification of keratoconus.

Keywords: Anterior segment optical coherence tomography, Astigmatism, Epithelial mapping, Keratoconus

1. Introduction

T he epithelium layer of the cornea have a pro-
tective function includingvital role inpreserving

high-optical-quality. In Keratoconus the epithelium-
thickness becomes altered.1 Analyzing the corneal
epithelial thickness canhelp indetectionof thedisease
in early stage and to differentiate it from similar con-
ditions especially in cases of progressive myopic
astigmatism.2 Although the cause is unknown, it is
believed to occur due to a combination of genetic,
environmental, and hormonal factors. About 7% of
those affected have a positive family history.3

Prevalence of Keratoconus were determined high
among refractive surgeries more than that of general
population.4 Preoperative detection of keratoconus in
refractive surgeries is important to stop the devel-
opment of postoperative surgical pathology and
make it a symptomatic disease, so the need for
diagnostic tools that afford high sensitivity for
asymptomatic subclinical keratoconus.
Recently, the Optical Coherence Tomography

(OCT) produces highly reliable pachymetry and
epithelial maps that can detect keratoconus, ectasia
and corneal thinning, it is a noninvasive imaging
technique that uses low-coherence light to produce
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Fig. 1. The mean simulated K1 and K2, in 25 early keratoconus cases and 25 high regular astigmatism controls.

Fig. 2. The mean Superior - Inferior difference (of 11 participants) and Inferior e Superior difference (of 39 participants), in early keratoconus cases
and high regular astigmatism controls.

Fig. 3. The mean central 5 mm of anterior and posterior elevation maps in 25 early keratoconus cases and 25 high regular astigmatism controls.
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a high-resolution cross-section of tissues.5 Epithelial
thickness profile maps using Fourier domain OCT
provides a significant analysis of the corneal
epithelium. These maps have been shown to be
useful in detecting subtle epithelial changes, which
constitute sign of early keratoconus.6 Epithelial
thickness profiles may increase the sensitivity and
specificity of screening the early keratoconus
compared with corneal topography alone and may
be useful in clinical practice. As epithelial changes
will go before any topographic changes produced on
the surface of the cornea, Corneal-epithelial-map-
ping were developed to detect early keratoconus.7

Therefore the aim of this study to evaluate the role
of epithelial thickness mapping in early diagnosis of
keratoconus differentiate it from the normal high
regular astigmatism.

2. Patients and methods

A cross-sectional observational study included 25
eyes of early keratoconus cases and 25 eyes of
normal high regular astigmatism controls conduct-
ed at Magrabi Eye Hospital eTanta between
October 2021 and August 2022.
Patients with high regular astigmatism and early

keratoconus, Cylinder greater than or equal to �3, K

Fig. 4. Central corneal thickness, measured by pentacam and anterior segment OCT in early keratoconus cases and high regular astigmatism controls.

Fig. 5. Central epithelial thickness, Thinnest location and thickest location measured by anterior segment OCT in early keratoconus cases and high
regular astigmatism controls.
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Reading between 45 and 49, and normal fundus
were included. While, Patients with corneal opacity,
other ocular diseases as uveitis, cataract or

glaucoma, any pathological abnormality in the
fundus, and Frank keratoconus were excluded.
Complete medical history including previous

ocular trauma, medications or surgeries. Visual
acuity assessment (Best corrected visual acuity)
using Snellen's acuity chart and Ophthalmological
examination: slit lamp biomicroscopy for assess-
ment of the anterior segment and fundus bio-
microscopy for assessment of the retina. Intra ocular
pressure measurement by Goldmann applanation
tonometry, Pentacam (by OCULUS pentacam, made
in Germany) for assessing Simulated K1 and K2,

Fig. 6. Receiver Operating Characteristic curve (ROC curve) showing the sensitivity, specificity and total diagnostic accuracy (Area under the curve) of
central corneal thickness, epithelial thickness and thinnest location measured by anterior segment OCT in distinguishing early keratoconus cases from
high regular astigmatism.

Table 1. Corneal Measurements by Pentacam of 25 early keratoconus
cases and 25 high regular astigmatism controls.

Corneal
Measurements

High Regular
Astigmatism
(n ¼ 25)

Early
Keratoconus
(n ¼ 25)

P valueb

Simulated K1(D)c

Mean ± SDa 42.48 ± 1.68 42.76 ± 0.59 0.662
Range 40.00e44.83 41.90e43.70
Simulated K2 (D)c

Mean ± SDa 47.04 ± 1.55 48.00 ± 0.99 0.013b

Range 45.00e49.90 46.00e49.50
SeI Difference (n ¼ 11)d

Mean ± SDa 1.49 ± 0.62 3.45 ± 0.50 0.036b

Range 0.50e2.30 3.50e4.20
IeS Difference (n ¼ 39)d

Mean ± SDa 0.98 ± 0.43 3.42 ± 1.08 <0.001b

Range 0.40e1.50 1.80e5.20
Central Corneal Thickness (mm)
Mean ± SDa 546.72 ± 45.53 499.28 ± 32.41 <0.001b

Range 476.00e627.00 423.00e552.00
Central 5 mm of anterior elevation map (mm)
Mean ± SDa 7.48 ± 4.35 16.52 ± 2.97 <0.001b

Range 2.00e15.00 11.00e20.00
Central 5 mm of posterior elevation map (mm)
Mean ± SDa 15.38 ± 6.26 24.68 ± 3.21 <0.001b

Range 7.00e28.00 16.00e28.00
a SD: Standard deviation.
b P value is significant if < 0.05.
c D: Diopter.
d S - I Difference: Superior - Inferior Difference, Ie S Difference:

Inferior e Superior Difference.

Table 2. Corneal measurements by anterior segment OCT of keratoconus
cases and high regular astigmatism controls.

Corneal
Measurements

High Regular
Astigmatism
(n ¼ 25)

Early
Keratoconus
(n ¼ 25)

P valueb

Central corneal thickness (mm)
Mean ± SDa 531.96 ± 44.49 483.52 ± 32.09 <0.001b

Range 471.00e618.00 407.00e540.00
Central epithelial thickness (mm)
Mean ± SDa 53.24 ± 3.72 49.84 ± 1.95 0.002b

Range 48.00e60.00 47.00e54.00
Thinnest location (mm)
Mean ± SDa 46.00 ± 5.17 42.92 ± 2.53 <0.001b

Range 25.00e53.00 39.00e49.00
Thickest location (mm)
Mean ± SDa 55.68 ± 3.38 55.52 ± 2.29 0.807
Range 50.00e61.00 51.00e60.00
a SD: Standard deviation.
b P value is significant if < 0.05.
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Central corneal thickness, S_I difference or I_S dif-
ference, the central 5 mm of the anterior elevation
map and the central 5 mm of the posterior elevation
map. Then patients matching our inclusion criteria
will further subjected to next comparative investi-
gation: OCT (by optovue OCT device, made in USA)
for assessing central corneal thickness from pachy-
metry map and from the epithelial map we
measured central epithelial thickness, thickest
location, thinnest location and their distribution.
All statistical calculations were done using SPSS

(Statistical Package for the Social Science; SPSS Inc.,
Chicago, IL, USA) version 25. Data were statistically
described in terms of mean and standard deviation,
median, range,numberandpercentageas appropriate.

3. Results

Pentacam keratometry measures significantly
different simulated K2 was 48.00 ± 0.99 D in early
keratoconus cases, and 47.04 ± 1.55 D in high reg-
ular astigmatism controls (P value ¼ 0.013). How-
ever, simulated K1 nonsignificant difference, SeI
difference and IeS difference were significantly
higher in keratoconus cases (3.45 ± 0.50 and
3.42 ± 1.08, respectively) compared with controls
(1.49 ± 0.62 and 0.98 ± 0.43, respectively), and
showing P values of 0.036 and less than 0.001.
Central corneal thickness was measured by pen-

tacam. The Mean central corneal thickness was
significantly thinner in early keratoconus cases
(499.28 ± 32.41 mm) than in controls
(546.72 ± 45.53 mm), with P value of less than 0.001.
Both central 5 mm of the anterior and posterior
elevation maps were significantly higher in early
keratoconus patients compared with high regular
astigmatism (16.52 ± 2.97 and 24.68 ± 3.21 versus
7.48 ± 4.35 and 15.38 ± 6.26 mm, respectively), P
values in both comparisons were less than 0.001.
Anterior segment OCT was used to assess corneal

and epithelial thickness, early keratoconus cases
significantly thinner central corneal thickness
(483.52 ± 32.09 mm) compared with high regular
astigmatism (531.96 ± 44.49 mm) (P value < 0.001).
Similarly, the mean central epithelial thickness was
significantly thinner in keratoconus eyes

(49.84 ± 1.95 mm) than that in high regular astig-
matism (53.24 ± 3.72 mm) (P value ¼ 0.002). Early
keratoconus cases had significantly lower thinnest
location (42.92 ± 2.53 mm) compared with high reg-
ular astigmatism (46.00 ± 5.17 mm) (P value < 0.001).
The mean thickest location was slightly lower in
keratoconus cases (55.52 ± 2.29 mm versus
55.68 ± 3.38 mm), but it did not show statistically
significant difference (P value ¼ 0.807).
The central corneal thickness had sensitivity of

72%, specificity of 68% and total diagnostic accuracy
(Area Under the Curve) of 81.4% at cutoff value of
496.5 mm. Epithelial thickness showed sensitivity of
60%, specificity of 84% and total diagnostic accuracy
of 75.8% at cutoff value of 51.50 mm. Thinnest loca-
tion showed sensitivity, specificity, and total diag-
nostic accuracy of 76%, 68%, and 81.4%, respectively
at cutoff value of 44.50 mm.

4. Discussion

Identifying patients at risk for subclinical kerato-
conus and distinguishing them from normal in-
dividuals have been elusive goals for refractive
surgeons. Although many studies focused on the
role of scheimpflug imaging in the diagnosis of
keratoconus, role of epithelial mapping in the early
diagnosis of keratoconus is still under investigation
Silverman and colleagues8

Therefore; in this cross-sectional observational
study included 25 eyes of early keratoconus cases
and 25 eyes of normal high regular astigmatism
controls conducted at Magrabi Eye Hospital eTanta
between October 2021 and August 2022.
According to previous study Yang and Yuli,9 in

Cross-sectional observational study, a spectral-
domain OCT was used to acquire corneal and
epithelial thickness maps in normal, manifest ker-
atoconic, subclinical keratoconic, and forme fruste
keratoconic (FFK) eyes. The study comprised 54 eyes
from 29 normal participants, 91 manifest kerato-
conic eyes from 65 patients, 12 subclinical kerato-
conic eyes from 11 patients, and 19 FFK eyes from 19
patients. They got the following results, OCT
correctly classified all normal eyes (100% specificity)
and had good sensitivities for detecting manifest

Table 3. Sensitivity and Specificity and total diagnostic accuracy (Area Under the Curve) of anterior segment OCT measures in distinguishing early
keratoconus cases from high regular astigmatism.

Anterior Segment OCT measure Cutoff value Sensitivity Specificity AUCa 95% CIb P valuec

Central Corneal Thickness (mm) 496.50 0.72 0.68 0.814 0.700e0.929 <0.001a

Epithelial Thickness (mm) 51.50 0.60 0.84 0.758 0.622e0.893 0.002a

Thinnest Location (mm) 44.50 0.76 0.68 0.814 0.693e0.934 <0.001a

a AUC: Area Under the Curve.
b 95% CI: 95% Confidence Interval.
c P value is significant if < 0.05.
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keratoconus (97.8%), subclinical keratoconus
(100.0%), and FFK (73.7%) and they concluded that
this study provides evidence that OCT corneal and
epithelial thickness map parameters and patterns
provide diagnostic information, in addition to
topography, for characterizing corneal ectatic con-
ditions. Therefore, these maps can be used in
conjunction with topography to potentially improve
diagnostic accuracy for keratoconus.
In addition, Temstet and Cyril10 investigated the

difference in the central conreal thickness and the
central epithelial thickness between normal in-
dividuals and patient's showing early, moderate,
and severe keratoconus. Their study involved 145
eyes divided into four groups: normal, early kera-
toconus, moderate keratoconus, severe keratoconus.
In early keratoconus group, the mean thickness of
central epithelial thickness was 52.8 ± 3.3 and the
mean thickness of central corneal thickness was
500.8 ± 34.2. In control group, the mean thickness of
central epithelial thickness was 53.0 ± 3.1 and the
mean thickness of central corneal thickness was
542.00 ± 31.4. Their results agreed with those of our
study and they concluded that early keratoconus
eyes have thinner central epithelial thickness and
thinner central corneal thickness than normal eyes.
Another similar observational study conducted by

Marco and Claudia11 including 184 eyes, showed
that keratoconus group have thinner central
epithelial thickness than normal group, thus
agreeing with the results of our study.
Furthermore, another study by Li and colleagues1

further analysed the epithelial thickness in the rest
of the corneal quadrants in addition to the central
part using Fourier domain OCT and correlated it
with keratoconic indices of the Scheimpflug camera.
They found out that keratoconic eyes had signifi-
cantly lower inferior (P ¼ 0.03), minimum corneal
epithelial thickness (P < 0.0001) and greater SeI
(P ¼ 0.013). Their results agreed with our study in
determining that central epithelial thickness
measured by anterior segment OCT has an impor-
tant role in early diagnosis of keratoconus (early
keratoconus eyes have thinner central epithelial
thickness than normal eyes). They also agreed with
our study in determining that keratoconus eyes
have steeper k readings than normal eyes.
Moreover, Yan and David12 in a cross-sectional

observational study including 37 keratoconic eyes
from 21 patients and 36 eyes from 18 normal pa-
tients concluded that keratoconic corneas were
thinner than normal cornea. Their results were
similar to those of our study. However our study
correlated both central epithelial thickness and
central corneal thickness concluding that

keratoconic eyes have thinner central epithelial
thickness than normal eyes.
Currently, Uçakhan and Omur13 in comparative

study including 44 eyes with mild to moderate kera-
toconus and 63 normal eyeswithmyopic astigmatism,
concluded that posterior corneal elevation measured
by scheimpflug imaging was higher in the keratoco-
nus group, thus agreeingwith the results of our study.
Finally, the results of the comparative study con-

ducted by Haque and colleagues14 in which 20 in-
dividuals with keratoconus and 20 controls (without
keratoconus) were enrolled, agreed with ours.
However, in their study they used time domain
OCT whereas in our study, spectral-domain OCT
instruments.
Similarly, Gordon-Shaag and colleagues5 the

corneal epithelium is the first cellular protective
layer of the human cornea. Analysis of this layer and
determining its thickness as well as its distribution
plays an important role in refractive surgery, as it
may help in the screening of normal individuals for
early keratoconus especially if showing suspicious
criteria in Scheimpflug imaging, thus helping to
differentiate early keratoconus from mimicking
conditions such as corneal astigmatism.
Our study investigated the role of epithelial

corneal thickness in the early diagnosis of kerato-
conus especially in young individuals using Fourier
domain OCT and correlated it with other indices
detected in Scheimpflug imaging. Anterior segment
OCT is a user friendly, noncontact instrument,
which could provide a screening tool for the early
diagnosis of keratoconus especially in the suspicious
group of young individuals suffering from high
corneal astigmatism. This could further help in the
early detection of keratoconus thus providing early
measures to halt progression of keratoconus in line
with previous findings Grajciar and colleagues.6

5. Conclusion

From the data supported by the study, we found
that measurement of epithelial thickness provided
by anterior segment optical coherence tomogra-
phy-epithelial-mapping is useful for early diag-
nosis of keratoconus and have important role to
differentiate it from normal high regular astigma-
tism. We recommend further studies on larger
sample size to emphasize our conclusion Figs. 1e6,
Tables 1e3.
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