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ABSTRACT

Following the introduction of a commercially available SD-OCT
system in 2017, corneal epithelial mapping was incorporated
into ophthalmology, particularly refractive surgery, as a valuable,
highly diagnostic tool. In physiologically normal conditions, cen-
tral epithelial thickness is 53-54 pm. Abnormal corneal epithelial
thickness is observed in individuals with early keratoconus, in
chronic contact lens wearers, and post corneal refractive surgery.
In this paper, we present selected clinical cases in which corneal
epithelial mapping performed with the Cirrus 5000 HD-OCT sys-
tem (Zeiss) was used. The study group consisted of patients under-
going assessment of eligibility for refractive and cataract surgery
or keratoconus treatment at the LASER Eye Microsurgery Centre
in Warsaw. In the reported cases, corneal epithelial mapping con-
tributed to modifying the diagnostic approach. In a patient with
keratoconus, the characteristic ‘doughnut pattern’ was observed

In 1994, optical coherence tomography was employed
for the first time for the imaging of the ocular anterior
segment, generating cross-sectional images with a resolution
of less than 20 um and a sensitivity exceeding 90 dB, which
facilitated non-contact biometric measurements, including
corneal thickness, anterior chamber depth, and evaluation
of the drainage angle [1]. Following the introduction of SD-
OCT in 2002 [2], it became possible to measure the thickness
of the corneal epithelium. In 2005, the first commercially
available SD OCT device was developed, followed by
the first system capable of generating corneal epithelial maps
(Optovue Avanti OCT) in 2017 [3]. The device generates
cross-sectional A-scans by utilizing data derived from
the interference of light waves. In the next step, a Fourier
transform is employed to combine the cross-sections into
a two-dimensional image [4].

CORRESPONDING AUTHOR

in the corneal epithelium. Identification of this symptom during
the patient’s preoperative evaluation for refractive surgery prevent-
ed the irreversible iatrogenic complication of ectasia. A patient
who reported a decline in visual acuity following SMILE surgery
was diagnosed with an atypical epithelial healing pattern. The pa-
tient was advised to continue the prescribed treatment and was
subjected to ongoing monitoring. At the follow-up visit, the pa-
tient reported an improvement in her visual acuity. A subsequent
OCT examination showed normal pattern of epithelial distribu-
tion. Epithelial thickness can be a valuable parameter in the as-
sessment of patient eligibility for refractive surgery. In addition,
it may help determine the flap size and the depth of laser or kera-
tome incision. This, in turn, contributes to optimal postoperative
refractive outcomes.

KEY WORDS: corneal epithelium, refractive surgery, keratoco-
nus, contact lenses, OCT.

Physiologically, the epithelium consists of 4-5 cell layers
and a single basal layer, which is attached to the Bowman’s
layer through hemidesmosomes [5]. The refractive power
of the cornea is approximately 40 D, with the epithelium
contributing around -1.4 D. The refractive index of the epitheli-
um, anterior stromal surface, and posterior stromal surface is
1.401 (SD +0.005), 1.380 (SD +0.005), and 1.373 (SD +0.001),
respectively [6]. Thus, changes in epithelial thickness, e.g. due
to anterior segment diseases or contact lens-induced hypoxia,
affect the refractive power of the epithelium and increase
the risk of errors in refractive measurements. Examination
of epithelial thickness and distribution is a valuable tool in
the screening diagnosis of corneal diseases in individuals
considered for refractive surgery. It is also useful in planning
the procedure itself, especially in patients with irregular
corneas and undergoing reoperation [7].
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In healthy eyes, the epithelium has an uneven distribu-
tion. It is thicker in the inferior quadrants (54.0 um +3.8) and
thinner in the superior quadrants (51.9 um +3.5). The aver-
age thickness in the central region is 53.9 um +3.9. Epithelial
thickness is greater in males (mean 54.9 pm +3.7) than in
females (mean 53.0 um +3.5) in all sectors except the su-
perior outer periphery. No relationship was found between
epithelial thickness and age (p = 0.328); intraocular pressure
(p = 0.334); biometric parameters (p = 0.433); and visual de-
fect (p = 0.775), in either sex. With age, epithelial thickness
decreases peripherally in the superior (p = 0.039, R = —0.152)
and temporal (p = 0.042, R = —0.150) sectors, but the correla-
tion is weak. In the cited study, Hashmani et al. used an SD-
OCT device (Optovue, Inc.) [8].

Epithelial thickness varies between healthy eyes and those
with keratoconus. In a study using SD-OCT (RTVue, Opt-
ovue Inc., Fremont, CA, USA), the mean epithelial thickness
was 52.3 um 3.6 in the center, 49.6 um +3.5 in the supe-
rior sector, and 51.2 pm +3.4 in the inferior sector in nor-
mal subjects, and 51.9 pm +5.3 in the center, 51.2 pum +4.2 in
the superior sector, and 49.1 um +4.3 in the inferior sector
in patients with keratoconus. Compared to healthy eyes, in
keratoconus-affected eyes the epithelium in the inferior sec-
tor is thinner (51.2 pm +3.4 vs. 49.1 pm *4.3), the minimum
thickness is smaller (46.0 um 4.3 vs. 40.0 pm +6.0), and
the differences in thickness between the superior and inferior
quadrants and between the minimum and maximum thick-
ness is greater (—1.6 um +1.8 vs 2.1 um *5.4 and —8.8 um
+3.5 vs. —18.7 um *8.0, respectively) [9]. In another study,
using a Humphrey-Zeiss OCT 2000 system (Humphrey Sys-
tems, Dublin, CA) equipped with a custom-made visible light
laser, corneal and epithelial thickness maps were generated
in three groups: patients without corneal diseases (control
group), patients without keratoconus wearing hard contact
lenses, and patients with keratoconus wearing hard contact
lenses. In the control group, the central corneal thickness
(CCT) was 516.9 +21.3 pm, in the group of hard lens-wearers
it was 517.8 +31.5 pm, while in the group with keratoconus
the central cornea was the thinnest (446.8 £68.1 um). Irre-
spective of the CCT values, in each group the measurement
values obtained in the peripheral parts of the cornea were
higher compared to those in the corneal center (the authors
did not provide numerical values). Central corneal epithelial
thickness was 53.6 £2.2 um; 50.0 £3.9 pm; and 43.7 £6.5 pm
in the respective groups. Peripheral epithelial thickening was
noted, with the highest thickness observed in the superior sec-
tors (68.0 £8.5 um, 67.9 £7.8 um, and 63.8 £7.7 um, respec-
tively) and the lowest in the inferior sectors (58.0 +4.3 um,
58.7 £3.7 um, and 55.1 £5.0 pum, respectively). At the periph-
ery, the epithelium exhibited greater thickness compared
to the center. It was most prominent in the superior sectors
(68.0 £8.5 um, 67.9 £7.8 um, and 63.8 £7.7 um) and the least
prominent in the inferior sectors (58.0 4.3 um, 58.7 +3.7 pum,
and 55.1 +5.0 pm). In the group of patients with keratoconus,
the thinnest epithelium was detected paracentrally within
the inferotemporal sector, measuring 42.3 +5.2 um. Notably,

this area also exhibited the most prominent stromal thin-
ning [10].

During extended or overnight use of contact lenses,
the corneal water balance is characterized by hypoxia, which
causes an increase in both corneal and epithelial thickness.
This condition is attributed to diminished oxygen levels and
reduced tear film evaporation occurring when the eyelids
are closed during sleep. In a study comparing the thick-
ness of the corneal epithelium and stroma between pa-
tients whose eyelids were taped shut during the night and
the control group, the period of corneal edema was longer
in the group with taped eyelids. Initially, the epithelial and
stromal thickness was comparable in both groups. However,
after two hours, an 8.1% increase in the thickness of the epi-
thelium and a 5.5% increase in the thickness of the entire
cornea was observed in the group with taped eyelids [11],
persisting for another four hours. In the control group,
there was an increase in epithelial thickness by 3.06% and
in the overall corneal thickness by 7.8% after two hours.
The change was sustained for an additional two hours [11,
12]. A comparison between patients with an overnight-
taped eyelid and the control group revealed that the initial
measurements yielded similar corneal thickness values.
However, a follow-up measurement taken after two hours
showed an increase in corneal and epithelial thickness by
8.1% and 5.5%, respectively, in the study group, compared
to corneal thickening by 3.06% to 7.8% in the control group.
After two hours, the thickness of the corneal epithelium in
the study eyes reverted to the initial value, whereas pachym-
etry returned to the baseline after four hours. No similar
relationship was found in the control group.

Based on UHR-OCT measurements, the epithelium was
found to be the thinnest in the superior quadrant (42.9 +4.1 um),
becoming thicker in the central region (49.5-50.4 pm),
and reaching the greatest thickness in the inferior quadrant
(55.2 £2.5 pm). The epithelial thickness profile was stable
during the eight-hour follow-up. The above studies were per-
formed with custom-made high-resolution OCT software and
interface, representing the scope of high-resolution OCT im-
aging [13, 14].

This paper presents cases where corneal epithelial map-
ping was found to be a valuable diagnostic tool. The study was
conducted at the LASER Eye Microsurgery Center in Warsaw
among candidates for refractive surgery and cataract surgery,
and patients with keratoconus who were scheduled for cross-
linking surgery. Every patient underwent an ophthalmic
slit-lamp examination and Galilei tomography. The mea-
surements were performed with the Cirrus 5000 HD-OCT
camera (Carl Zeiss, Jena, Germany) equipped with a corneal
overlay, producing a single scan consisting of 20 B-scans,
each composed of a total of 1024 A-scans, 9 mm in width
and 2 mm in depth. According to the manufacturer, the re-
peatability of the instrument when measuring central corneal
thickness (CCT) in healthy eyes, defined as the square root
of variance, is 1.197. Compared to ultrasound pachymetry,
the Cirrus 5000 HD-OCT system typically registers lower
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Table . Examples of corneal mapping instruments along with the technology used

Technology
Placido disk

Description
Disk with concentric rings

Definition

(S0 Antares, (SO Sirius+%*, (SO MS-39*
Oculus Keratograph 5 M

Topcon KR-TW

Zeiss Atlas

Ziemer Galilei*

Medmont E300

Optikon Keratotron

Scanning slit White light source

Orbscan I

Scheimpflug camera

Blue light diode (470-475 nm)

(S0 Sirius+*
Mediworks Scansys
Oculus Pentacam
Ziemer Galilei

ocT

Superluminescent diode (830-845 nm)

(50 MS-39*
Optopol Revo

SS-0CT Laser light (1310 nm)

Heidelberg Engineering Anterion
Tomey (asia SS-1000/Casia 2
Zeiss Visante OMNI*

Visible light-emitting diode

Spot reconstruction of light reflections

i-Optics Cassini
i-Optics Cassini Ambient

Based on: Kanclerz P Khoramnia R, Wang X. Current Developments in Corneal Topography and Tomography. Diagnostics (Basel) 2021, 11: 1466.

* Devices using Scheimpflug camera and Placido disk.

CCT values, by an average of —-9.06 £5.63 pm. A limitation
of the study is the fact that only corneal thickness was as-
sessed, without determining epithelial thickness [15].

KERATOCONUS

Prior to the introduction of OCT, studies were conducted
on material derived from transplant recipients, who exhib-
ited very advanced symptoms of keratoconus. The advent
of modern in vivo corneal imaging has enabled the observa-
tion of early-stage tissue remodeling. Corneal epithelial map-
ping is helpful in the early detection of keratoconus, before
clinical symptoms appear, reducing the risk of complications
including iatrogenic corneal ectasia following laser vision cor-
rection surgery procedures, such as LASIK [16]. The disease
is initially asymptomatic, with subtle changes revealed on
additional examinations, including elevation of the posterior
corneal surface on tomography, vertical ‘coma’ aberration in
wavefront analysis, and thinning of the epithelial layer on
high-resolution optical coherence tomography [17, 18]. Tra-
ditional topography employs a Placido disk or a laser emitting
diode to generate a map of the corneal surface. An advantage
of such devices is quick measurement time, but a drawback
is their reliance on the accuracy of light ray incidence for im-
age fidelity. In cases of irregular cornea, where the rays do
not reflect perpendicularly, the examination becomes unre-
liable. In tomography, the image is constructed from cross-
sections processed by software. The strength of the method
lies in the reliable assessment of distances between differ-
ent structures, but its weakness is low resolution. Examples
of available devices along with their technologies are listed

below (Table I) [19]. The diagnostic criteria for keratoconus
include elevation of the posterior corneal surface exceeding
15.5 um (with a sensitivity of 95.1% and specificity of 94.3%
on Pentacam [20]), or exceeding 35 um (with a sensitivity
of 97.3% and specificity of 96.9% on Pentacam [21]). Preclini-
cal keratoconus is characterized by the absence of clinically
relevant symptoms, elevation of the posterior corneal surface
> 29 um (with a sensitivity of 68% and specificity of 90.8% on
Pentacam [21]), keratometry exceeding 47.0 D, oblique astig-
matism > -1.5 D, central corneal thickness < 500 um, and
the presence of keratoconus symptoms in the other eye. Indi-
vidually, none of the aforementioned evaluation criteria have
sufficient sensitivity or specificity. Hence, indices with higher
predictive values have been developed, including KISA% (60-
100% sensitivity in the diagnosis of preclinical KC), Randle-
man Ectasia Risk Score System, PTA index (post-LASIK ecta-
sia risk assessment [17]), and classifications (e.g. ABCD) [22].
Examination of histopathological alterations in the corneas
of transplant recipients revealed a higher degree of variabil-
ity in corneal epithelial thickness [23]. Epithelial thickening
exhibited a positive correlation with ruptures in the Bow-
man’s layer, which were present in 91.6% of the examined
eyes. In the referenced study, stromal thickness in the center
was equal to 214 +11 um, while in the peripheral area it was
found to be 477 £22 um. A negative correlation was observed
between epithelial thickness and central stromal thickness
(p = 0.009) [24]. In the diagnosis of keratoconus, corneal
topography is considered the gold standard, but methods
combining the Scheimpflug camera and Placido disks are
preferred. The diagnostic work-up is complemented by

KLINIKA DCZNA/ACTA OPHTHALMOLOGICA POLDONICA

29



Karolina Deja, Justyna Izdebska, Jerzy Szaflik

OCT, which generates maps of both the posterior curvature
of the cornea and the distribution (thickness) of the corneal
epithelium. Physiologically, the corneal epithelium is located
as described above, but in patients with keratoconus it is thin-
ner in the area of stromal elevation and thicker around [25],
creating a characteristic donut pattern [26-29]. Another study
comparing epithelial distribution in patients with keratoco-
nus and healthy controls using the RT'Vue device (Optovue,
Inc) found generalized corneal thinning, most prominently in
the inferotemporal sector, and local thickening in the supero-
nasal sector. In the same study, similar results were observed
in patients with preclinical keratoconus, without deviations
on clinical examination, with full visual acuity, and present-
ing with topographical abnormalities [30]. Stromal eleva-
tion may be initially masked by epithelial hyperplasia [25].
In patients with high astigmatism but without keratoconus
(> 2D), the distribution of the corneal epithelium is relatively
uniform across the entire surface (52.6 +4.2 um). In contrast,
in patients with keratoconus, the epithelium is generally thin-
ner and unevenly distributed. Specifically, in the center it was
45.7 £3.8 um, with the thinnest region in the inferotemporal
quadrant (37-40 um), and the thickest area in the superonasal
quadrant (58-61 pm) [31]. Following corneal cross-linking,
the epithelial surface becomes more even. A study comparing
the distribution of the epithelium in eyes with keratoconus or
corneal ectasia before and after CXL (corneal cross-linking)
procedure found that the epithelial surface became smoother,
with a reduced standard deviation between different measure-
ment points [32].

CALELEI - Tope & T

graphey ¥ £41

GALILET File E atlon  Options

Anterior Axial Curvature [D]
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Case 1

An 18-year-old man reported for an assessment of eli-
gibility for keratoconus surgery. Following the diagnosis
established six months prior, the patient noted a decline in
visual acuity. Apart from allergies, the patient’s history was
unremarkable. Visual acuity determined by ophthalmo-
logical examination was Vod 0.6 cc-1.0 Dsph/-2.25 Dcyl
ax 90 and Vos 0.7 cc-2.0 Dsph/-1.0 Dcyl ax 80. Slit-lamp
assessment revealed corneal thinning and bulging. The pa-
tient was scheduled for corneal cross-linking in the right
eye. Galilei tomography showed irregular astigmatism with
asymmetrical bow-tie pattern, bulging of anterior and
posterior surfaces of the cornea, as well as corneal thin-
ning (Figure 1). Epithelial mapping showed hyperplasia
of the epithelium around the area of thinning (Figure 2).
Epithelial mapping revealed the donut pattern consistent
with corneal ectasia.

REFRACTIVE SURGERY

Corneal shape assessment plays a major role not only
in screening but also evaluating postoperative outcomes.
A weak negative correlation was noted between corneal epi-
thelial thickness and refractive error in patients undergoing
excimer laser ablation under the corneal flap (LASIK). For
the central cornea, the regression coefficient was -0.238 (p <
0.01); and for the paracentral and peripheral regions, it was
-0.172 (p < 0.05) and -0.002 (p = 0.98), respectively. This
implies that variations in corneal epithelial thickness, espe-
cially at the center, may be a risk factor for higher refractive

[os/0D » HoD 2021 May 7 - 15:42 » REE

Mean K 45950
FlatK 45180 17* R1
Steep K 46.73D
Astig 154D

7.47 mm

Mean K s ]
FlatK -7.07D 43= Rl 5.66 mm
Steep K -7.52D 139 Rz S5.32mm
Asthg  -0.45D 139*
Total Comeal Power 10L (Ray Tracec
1 Mean TCPIOL 47.13D
g Flat TCPIOL 45610 46
Steep TCPIOL 48.57D
Astlg 276D

Central 47.650
Mid 44.41 D
Periph 42320

o Thinnest  455um
Central SOE um

-0.23 mm -0.87 mm
452 pm

WTW, N-T 12.75mm
ACVY 152mm*
AQD 345 mm
+ Pupil lam 341 mm

Mean Angle

Kappa Dist
ASL endo na

location x,y -0.24mm  0.36 mm

432 *
0.43 mm

KPI 100.0 %
CilMIaa 540D

Kprob 100.0 %
PPK 1000 %

Figure 1. Lesions typical of keratoconus in Galilee tomography — asymmetrical astigmatism, deformation of the posterior surface, thinning in the center
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errors in patients who are scheduled for LASIK surgery [33].
A change in the distribution pattern of the corneal epithe-
lium is also observed in patients undergoing superficial pho-
torefractive keratectomy (PRK) for myopia. One month after
surgery, epithelial thinning was observed in all sectors, with
subsequent thickening, which stabilized at month 12 [34].
SD-OCT-based evaluation of changes in corneal epithelium
distribution in myopic patients treated with laser ablation
under the corneal flap using femtosecond laser (FS-LASIK)
showed changes in the central, paracentral and peripheral re-
gions by 2.09, 4.53, and -0.87 um in the first month; by 3.00,
4.61, and -0.97 pm in the third month, and by 3.28, 4.55, and
-0.81 pm in the sixth month, respectively. These measure-
ments show that, after six months, there was an increase in
epithelial thickness in the central and paracentral regions,
and epithelial thinning in the peripheral area. Central epithe-
lial thickness stabilized between the third and sixth months.
There was no correlation between epithelial thickness and
the spherical equivalent (p = 0.313) [35]. Epithelial remodel-
ing after the SMILE procedure stabilizes faster compared to
the LASIK technique. In patients treated with SMILE, there
was an increase in epithelial thickness by 2.5 um, 3.9 um,
and 4.5 um (central, paracentral, and peripheral regions, re-
spectively) in the first month, and by 3.0 pm, 4.2 pm, and
4.9 pm in the third month. However, the difference was not
statistically significant. After LASIK, the epithelial thickness
increased by 3.4 um, 4.3 um, and 2.1 um after one month,
and by 4.4 pm, 5.1 pm, and 2.9 pum after three months, re-
spectively. In patients who underwent SMILE, stabilization

of epithelial thickness occurred faster (within less than three
months) and tissue distribution was more uniform compared
to the LASIK-treated group. In both methods, the extent
of epithelial thickening correlated with the degree of visual
defect [36]. In a study comparing epithelial thickness before
and after LASIK and SMILE procedures to correct myopia,
no differences were found with regard to the increase in epi-
thelial thickness in patients with low and moderate myopia
one month after the procedure (p > 0.05). In both groups,
the increase was uneven and most pronounced in the supe-
rior, superonasal, and nasal regions. In patients with high
myopia (= -6 to —10 diopters), a greater increase in epithelial
thickness was observed in the LASIK-treated group than in
the SMILE-treated group. After three months, in low and
medium myopia, epithelial thickening was similar in both
patient groups in all sectors except the superior one, where
the increase in epithelial thickness was greater among post-
LASIK patients. In patients with high myopia, epithelial
thickening was more pronounced in the post-LASIK group
in all sectors and more uneven [LASIK: central (6.7 2.6 pm),
superior (5.0 £2.1 um), and nasal (3.9 £1.9 pm) regions vs
SMILE: central (4.7 £2.9 um), superior (2.9 +2.5 um), and
nasal (2.4 2.4 um) regions]. After 6 months in patients with
low and moderate myopia, epithelial thickening was greater in
the superior and nasal sectors in the LASIK group; in patients
with high myopia, the degree of thickening was similar in both
groups. A negative correlation was observed between an increase
in corneal epithelial thickness and a decrease in CCT [37].

Pachymetry Analysis : Pachymetry oD @ ] @® os
Pachymetry Pachymetry OD
[Range (mm) | Win (m) | Avg um) | Max (um) | SiGm) [ ST um) |
0.02.0 456 486 521 2 .
2050 457 517 566 44 53
50-7.0 517 571 612 24 -
[ Minimum Thickness (um) | 456 | ¥ Min (um) [ 880 |
|_PachyMin-Medan(um) | -57 | Central Comeal Thickness (um) | 483
Pachymetry 08
e (mm) | Min_(um) [ Avg (pm) | Max S (pm) | SNAT (um)
10-2.0 469 487 530 - -
2 0-50 469 526 57 42 52
7.0 523 570 61 1 28
[ Minimum Thickness (um) | 469 | ¥ Min {um) | 860
| Pachy Min-Median(um) | -54 | Central Comeal Thickness (um) | 493

Epithelial Thickness OD

" Min pm) | Avg (pm) | Max m) | Sim) ] SHT ()
0,020 a2 48 57 E -
2050 39 50 61 13 13
5.0-7.0 41 51 61 5 4
7080 E a 59 z 3

¥ Man (mm)
Central Thickness (um) |

Minimum Thickness (um) | 37 |
| Nin-Medan (um) =0
Epithelial Thickness OS
MM%@L%&M [ SHT (um) |

53 52
53 1
49 58

.0-2.0 45
.0-5.0 42
0-7.0 4

13 12
4

0-9.0 42 0
| Minimum Thickness (um) | 42 | ¥ Min (mm) [ 18
| Min-Median (m) | -1 | CentralThickness (ym) | 52 |

Figure 2. Corneal epithelial map (bottom images): visible concentric epithelial hyperplasia around the site of corneal thinning (donut-shape-pattern)
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Figure 4. Qualification for refractive surgery — left eye
Case 2 correction in the right eye and -4.0 Dsph/-0.25 Dcyl ax 60

A 34-year-old woman in generally good health came in the left eye. No abnormalities were found on physical
for an assessment to determine her eligibility for refractive ~ examination. Galilei tomography showed the corneal
surgery. The patient’s visual acuity was 1.0 with —4.0 Dsph  refractive power of 43.5 D and the CCT of 598 um in the right
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Figure 6. Tomography after SMILE surgery — left eye

eye (Figure 3), and 43.5 D and 600 pm in the left eye (Figure 4).  up visit one week later, the patient reported blurred vision
No signs of keratoconus were observed. The patient was  in the right eye. Refraction was +1.0 Dsph in the right eye
scheduled for the SMILE procedure, and the procedure  and 0 Dsph in the left eye, and visual acuity was Vod 0.6 sc,
was carried out without any complications. At the follow-  cc +1.0 Dsph = 0.9 Vos 1.0 sc. There were no abnormalities on
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Figure 7. Epithelial mapping - hypertrophy of epithelial cells in the right eye
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Figure 8. Thinning of the epithelium after contact lense

physical examination or Galilei tomography scans (Figure 5,  tive recommendation was maintained until the next follow-
Figure 6). Mapping of the corneal epithelium was performed,  up visit, during which the patient reported no complaints.
revealing localized concentric hyperplasia of epithelial cellsin ~ Refraction assessment did not show the hyperopia that was
the central region of the right eye (Figure 7). The postopera-  previously observed. The patient’s visual acuity was Vod 1.0 sc
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and Vos 1.0 sc, with no abnormalities found on the physical
examination or additional tests.

CONTACT LENSES

Corneal epithelial thickness in contact lens wearers
varies compared to the healthy controls. In a SD-OCT-
based study comparing patients who had been wearing soft
hydrogel contact lenses for a minimum of two years with
a control group, the central epithelial thickness was 49.2 1.9
pm in the study group and 54.4 1.1 pm in the healthy
control group [38]. Previous studies using modified corneal
pachymetry showed corneal thinning in contact lens wearers
compared to healthy controls (41 +7 um vs. 48 £5 pum) [39].
Conversely, in patients who wore long-term silicone hydrogel
lenses for hyperopia correction, a thickening of the corneal
epithelium was observed at the center (53.27 vs. 50.91 after
seven days) [40]. Patients wearing contact lenses with low
oxygen permeability have a thinner epithelium compared to
patients using highly oxygen-permeable lenses [41]. The use
of contact lenses impacts the corneal structure at the cellular
and tissue levels, and affects the homeostasis of the ocular
surface. In a study comparing both eyes in patients wearing
a contact lens in one eye for an extended period, the eye with
the lens exhibited a 14.8% decrease in oxygen uptake, a 5.6%
reduction in epithelial thickness, a 2.3% decrease in stromal
thickness, a 22% increase in endothelial polymegatism, and
the presence of epithelial microcysts. Epithelial thickness
returned to the baseline values 33 days after discontinuing
contact lens use, with stromal thickness and endothelial
cell size remaining unchanged [42]. In a more recent study,
based on OCT, epithelial thickness was compared between
the study group (eye with a contact lens, covered for three
hours), and the other eye (without a lens). After the contact
lens was removed from the eye, a slight increase in epithelial
thickness was observed (1.7 +4.8%, with no statistical
significance). However, after 100 minutes, epithelial thinning
was noted (3.0 +4.5%, p < 0.05). In the control group,
measurements taken after lens removal from the other
eye found no change in epithelial thickness, whereas
measurements done after 100 minutes revealed thinning
of the entire cornea. Epithelial swelling followed by thinning
may serve as a regulatory mechanism to protect the cornea
from hypoxia. Furthermore, the study demonstrated that
epithelial remodeling was bilaterally coordinated [43]. In
patients treated with orthokeratology, corneal thickening
is noted immediately after the lens is removed, followed
by a subsequent return to baseline values. In a study using
an OCT device (Humphrey Systems, Dublin, CA), epithelial
and corneal thickness was compared in patients before and
after overnight wear of a hard contact lens. Corneal edema
was most severe immediately after lens removal: 4.9%
centrally and 6.2% paracentrally. Immediately after the lens
was removed, a 7.3% thinning of the epithelium was shown.
It continued to progress, reaching its peak (13.5%) on the fourth
day of overnight lens wear. Following a 72-hour treatment
with rigid contact lenses, both the thickness of the corneal

epithelium and the entire cornea returned to their baseline
values [44]. Contact lens-induced corneal deformation might
have a similar appearance to early ectasia on topography, but
epithelial thickness measurement can help distinguish be-
tween these two conditions. Irregular astigmatism, as detect-
ed on topography, can occur in keratoconus and be induced
by contact lens wear. In the referenced study, central epithelial
thickness showed no variation between patients with kera-
toconus, contact lens wearers, and healthy control subjects:
53 5 pm vs. 51 £6 pm vs. 55 =3 pm. Nevertheless, the maxi-
mum corneal epithelial thickness was significantly greater in
individuals with keratoconus compared to the control group
(63 £7 um vs. 57 £3 um). Other measurements did not reach
the level of statistical significance. In cases of keratoconus,
epithelial thinning was noted in the region where the corneal
curvature was most pronounced on topography, while thick-
ening was observed in the peripheral area of the protrusion.
Where contact lenses are used, the epithelium tends to thick-
en above the area of the most severe corneal thinning. The cit-
ed study shows that corneal epithelial mapping can differenti-
ate between ectasia and contact lens-induced distortion, but
the comparison of epithelial thickness alone is not sufficient
for making a diagnosis [45]. In a separate study that com-
pared epithelial distribution maps and corneal topography in
patients with keratoconus, with preclinical signs of keratoco-
nus, with altered topography due to contact lens use, and in
a healthy control group, the authors used the Pattern Standard
Deviation (PSD) index. Based on the anterior curvature and
epithelial distribution, the researchers developed a deforma-
tion index in the form of a map showing keratoconus as nega-
tive values and contact lens-induced deformation as positive
values. This instrument demonstrates that epithelial mapping
offers valuable insights for differentiating between keratoco-
nus and atypical topography [46]. Measurement of epithelial
thickness and distribution alone does not have sufficient diag-
nostic power, but when combined with corneal topography or
an anterior curvature map, it provides a sensitive diagnostic
tool, especially if all the data are correlated with each other.
Based on the anterior corneal curvature to epithelial thickness
ratio, the so-called Epithelial Modulation index was created,
with values reaching -0.6 £1.0 um/m in healthy eyes, 37.0
+23.0 pm/m in preclinical keratoconus, and 7.3 +13.2 pm/m
in forme fruste. The sensitivity of the measurement was
100 £0%, 100 £0%, and 53.1 £1.5% for the symptomatic, pre-
clinical, and forme fruste keratoconus, respectively [47].

Case 3

A 45-year-old woman without any significant health com-
plaints came in for an evaluation of eligibility for laser vision
correction due to contact lens intolerance. The patient had
worn -3.0 D daily disposable contact lenses for 20 years. Her
visual acuity was Vod 1.0 cc —=3.25 Dsph/-0.5 Dcyl ax 180, Vos
1.0 cc -3.25 Dsph, Sn 0.5 add +1.5 Dsph (right eye), Sn 0.5
add +1.5 Dsph (left eye). During the visit, Galilei tomogra-
phy revealed no abnormalities, but epithelial mapping showed
global epithelial thinning (Figure 8). The patient was instruct-

KLINIKA DCZNA/ACTA OPHTHALMOLOGICA POLDONICA

35



Karolina Deja, Justyna Izdebska, Jerzy Szaflik

ed to discontinue the use of contact lenses for a period of four
weeks. After that time, there was a noticeable improvement in
corneal epithelial parameters, and the patient was scheduled
for PRESBYOND laser vision correction. A femtosecond laser
(Visumax Carl Zeiss) was employed to create a flap measuring
8.1 mm in diameter and 120 um in depth. The ablation was
carried out using an excimer laser (Carl Zeiss MEL80), with
an ablation zone of 6.5 mm in diameter and 40 pum in depth in
the right eye, and 6.5 mm in diameter and 69 um in depth in
the left eye. After one month, the patient’s visual acuity was 1.0
sc to distance and 0.5 sc to near in both eyes, with no reported
complaints.

CONCLUSIONS

Emerging trends in refractive surgery, including
the implementation of femtosecond lasers and wavefront
analysis in LASIK [48], as well as the growing popularity
of SMILE and personalized ablation profiles, are broadening
the scope of refractive surgery applications. However, they
also highlight the importance of having precise diagnostic
tools to identify patients with contraindications to surgery,
such as keratoconus [49]. It is estimated that individuals with
forme fruste make up between 2.9% and 18.7% of the group
of potential candidates for refractive surgery [50-51].
Detecting the condition at an early stage and excluding
the patient as a candidate for refractive surgery serves a dual
purpose. In addition to protection from postoperative
complications, it allows prompt initiation of other
therapeutic modalities including corneal cross-linking
(CXL) or intracorneal ring implantation, which can improve
the visual prognosis [52-55]. Standard diagnostic modalities
include topography, which accurately represents the corneal
anterior surface, in conjunction with keratometry, and
tomography, which is employed to evaluate, among others,
the posterior surface and thickness of the cornea. Posterior
corneal elevation has the greatest predictive value in
preclinical keratoconus. In the diagnostic work-up of rare
conditions - such as keratoconus - a single screening test
can produce an excess of false-positive results. Therefore, it
is advisable to employ other independent tests to corroborate
the diagnosis. Useful new data can be provided by OCT-
based epithelial thickness mapping. Histopathological
studies on corneal transplant recipients have found that
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