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ABSTRACT

INTRODUCTION: Our purpose was to evaluate the effect of eye rubbing discontinuation on
the epithelial thickness profile by spectral-domain AS-OCT (anterior segment optical coherence to-
mography) in allergic children with no tomographic sign of corneal ectasia.

METHODS: Right-handed boys (average age 11.2 years, 8-12 years) with history of eye rub-
bing and relatively normal Pentacam (Oculus; Wetzlar, Germany) exams were recruited for the study.
Patients were evaluated using AS-OCT (Zeiss Cirrus 5000 HD-OCT, Carl Zeiss Meditec, Dublin, CA,
USA) at the baseline and after 8 weeks of treatment. Treatment included education to avoid eye rub-
bing and preservative free 0.25 mg/mL topical ketotifen. Epithelial thickness (ET) and full corneal
thickness (CT) parameters were compared with paired non-parametric Wilcoxon (signed-ranked) test.
A p-value lower than 0.05 was considered for statistical significance.

RESULTS: Twenty-five boys completed the protocol. No eyes had tomographic criteria for kera-
toconus (Belin-Ambrosio Deviation Value < 1.22). Minimum epithelial location moved from the infer-
otemporal to superotemporal octant after treatment. The differences between minimum and maxi-
mum epithelial thickness (-2.8 pm vs -5.2 um; p<0.01) and between nasal and temporal octants (N-T)
(3.1 um vs 1.4 um; p<0.01) were higher at the baseline. The difference between inferior and superior
(I-S) octants (1.1 pm vs 2.7 pm; p<0.01) was lower at the baseline.

CONCLUSION: AS-OCT analyses reveal epithelial remodeling after allergy treatment and
eye rubbing discontinuation, with marked inferotemporal thickening. The importance of educating
against eye rubbing and treating allergy should consider its importance on corneal epithelial remod-
eling. Further studies should include patients with corneal ectatic conditions and to explore other
clinical measurements such as biomechanical assessment.

KEYWORDS: Child; Corneal Topography; Epithelium, Corneal; Keratoconus/etiology;
Massage; Tomography, Optical Coherence.
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RESUMO

INTRODUGCAO: O nosso objetivo foi fazer a avaliacdo do efeito de parar de cogar os olhos
no perfil epitelial da cornea através de analise com tomografia de coerancia dtica do segmento
anterior (AS-OCT) em criangas atdpicas sem sinais tomograficos de ectasia.

METODOS: Rapazes dextros (idade média 11,2 anos) com hébito de cogar os olhos e tomo-
grafia de cornea (Pentacam, Oculus; Wetzlar, Germanh) sem alteragdes foram incluidos. Foi rea-
lizado AS-OCT (Zeiss Cirrus 5000 HD-OCT, Carl Zeiss Meditec, Dublin, CA, USA) na baseline e
apos 8 semanas de tratamento com cetotifeno topico sem conservantes (0,25 mg/mL). A espessura
epitelial e a espessura total da cdrnea foram comparadas através de testes nao paramétricos em-
parelhados de Wilcoxon. Um p-value inferior a 0,05 foi considerado estatisticamente significativo.

RESULTADOS: Vinte e cinco rapazes completaram o estudo. Nenhum olho apresentou cri-
térios tomograficos de ectasia (Belin-Ambrosio Deviation Value < 1,22). A espessura epitelial mini-
ma deslocou-se daregiao inferotemporal para a regiao inferotemporal apos o tratamento. As dife-
rencas entre a espessura epitelial minima e maxima (-2,8 um vs -5,2 um; p<0,01) e entre as regides
nasal e temporal (N-T) (3,1 um vs 1.4 um; p<0,01) foram superiores na baseline. A diferenga entre
as regides inferior e superior (I-S) (1,1 um vs 2,7 um; p<0,01) foi inferior na baseline.

CONCLUSAO: A analise do epitélio da cérnea atraves de OCT do segmento anterior reve-
lou um espessamento inferotemporal ap6s tratamento antialérgico e consequente descontinuacao
do ato de cogar os olhos. Estes resultados parecem ilustrar o dano deste ato repetido sobre a cér-
nea e salientam a importancia de educacao da populacao acerca dos riscos associados ao mesmo.

PALAVRAS-CHAVE: Cérnea; Crianga; Epitélio de Cérnea; Massagem; Queratocone; To-

mografia de Coeréncia Optica; Topografia da Cérnea.

INTRODUCTION

Keratoconus is the most common corneal ectasia world-
wide.! It is characterized by focal corneal steepening and
thinning. Patients usually present with decreased visual
acuity due to irregular astigmatism. Its onset usually oc-
curs in early adolescence, and its progression goes until the
fourth decade.

KC results from genetic and environmental interac-
tions. There are identified risk factors for its development,
such as family history, eye rubbing, allergy, and asthma."®
Family history of KC has been identified as the strongest
risk factor and some genetic alterations have been already
identified." However, according to some authors, eye rub-
bing is considered the most important risk factor for KC
development with an odds ratio between 3.35 and 10.31."*

Repeated mechanical trauma due to eye rubbing has
been intensely associated with KC development and pro-
gression. Gatinel described eye rubbing as a sine qua
noncondition for KC development.” As such, eye rubbing
became a major concern in ophthalmology. In 2015, the
Global Consensus on Keratoconus and Ectatic Diseases
recognized ‘not rubbing the eyes’ as one of the most im-
portant measures in KC.® Ambrosio created a public aware-
ness campaign called Violet June to educate the population
about the risks associated with eye rubbing.”

Corneal epithelial thickness analyses have raising inter-
est in many ocular diseases such as KC. Reinstein et al de-
scribed that epithelial thinning at the apical conic area with

surrounding thickening (doughnut pattern) is an important
manifestation in the earliest stages and improved sensitiv-
ity and specificity in conjunction with tomography.*° Epi-
thelial thickness changes may be the first morphological
alterations detected in keratoconus and KC could be accu-
rately detected based only on epithelial thickness analysis
from its early stages.®'"'> Anterior segment optical coher-
ence tomography (AS-OCT) provides high-resolution im-
ages of the cornea and enables reliable and reproducible
epithelial thickness measurement.”*°

Our group previously demonstrated inferotemporal
epithelial thinning in eye rubbers, which was more pro-
nounced in the dominant-hand side. This study aimed to
evaluate allergy treatment and eye rubbing discontinuation
on the epithelial thickness profile in the same population.

METHODS

This single-center prospective study included atopic
boys between 8 and 12 years of age with eye rubbing histo-
ry (with the knuckle). Boys with history of corneal pathol-
ogy, previous ocular surgery or trauma, contact lens wear-
ing, corrected distance visual acuity (CDVA) <0.1 logMAR,
and manifest refractive cylinder of more than 2.00 diopters
(D) were excluded. Irregular topography and tomographic
parameters using Scheimpflug (Pentacam HR, Oculus Wet-
zlar, Germany), such as Belin-Ambrosio Deviation Value >
1.22, and positive family history of keratoconus, were ex-
clusion criteria. Boys who had a history of treatment with
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artificial tears or anti-histaminic eyedrops over the past six
months were also excluded. The study was conducted by
the principles of the Declaration of Helsinki, the parents
given their written informed consent and approval was ob-
tained from the institutional Research Committee of Hospi-
tal Garcia de Orta (Almada, Portugal).

Ophthalmological evaluation included CDVA present-
ed in logMAR, spherical equivalent (SE) from the refraction
of the correcting glasses, intraocular pressure (IOP) meas-
ured with Goldmann tonometer, biomicroscopy of the an-
terior segment, and fundoscopy.

Corneal epithelial thickness (ET) and full corneal thick-
ness (CT) were automatically measured by anterior seg-
ment spectral-domain Zeiss Cirrus 5000 (Carl Zeiss Med-
itec, Dublin, CA, USA). The pachymetry map includes
eight radial scans (1024 axial scans each) repeated five
times. The children were positioned on the headrest, look-
ing to the fixation light so that the scan was centered on the
pupil center. Two scans were obtained for each eye by the
same examiner with a minute break, and average values
were registered.

The software algorithm measures epithelial thickness as
the distance between the middle of the first (tear film) and
second (anterior surface of the Bowman layer) hyperreflec-
tive lines on the B-scan. CT was measured as the distance
between the air-tear and cornea-aqueous interfaces.

Data was exported and processed with Cirrus HD-OCT
review software (version 10.0) which provides average auto-
mated ET of four concentric ring-shaped zones centered on
the center of the cornea (central (CET): 0-2 mm, paracentral:
2-5 mm, and mid-peripheral: 57 mm). ET and CT were also
presented for specific octants of the cornea: superior (S), infe-
rior (I), temporal (T), nasal (N), superonasal (SN), superotem-
poral (ST), inferotemporal (IT), and inferonasal (IN) within
the paracentral and midperipheral zones. The differences be-
tween corresponding corneal octants were calculated.

Only the right eyes data were included in statistical
analysis. Boys were advised to stop rubbing the eyes and
were treated with preservative free 0.25 mg/mL topical
ketotifen twice daily for 8 weeks. After treatment, parents
were asked about compliance and only the boys who ful-
filled the treatment and whose parents ensured they con-
siderably stopped rubbing the eyes were considered for the
second evaluation.

Quantitative variables are presented as mean and
standard deviation. Continuous variables were checked
to meet the normality conditions of the Shapiro-Wilk test.
The Wilcoxon test was preformed to compare ET and CT
at baseline and after treatment. Correlations were tested
using Spearman’s correlation coefficient. Statistical signifi-
cance was set at p<0.05 (two-sided). IBM® SPSS® Statistics
v23.0 was used.

RESULTS

This study included 30 right-handed atopic boys with
an eye rubbing history. Five were excluded because do not
stop rubbing their eyes. As such, twenty-five (83.3%) were

considered for analysis. The mean age was 11.2 + 2.1 years
(8 =12 years).

The mean CDVA was 0.006 + 0.018 logMAR (0 to 0.091
logMAR), the mean SE was -0.44 + 1.1 D (-2.00 to +2.00 D)
and the mean IOP was 13.2 + 2.1 mmHg (11 to 16 mmHg),
with no differences between baseline and after treatment
(p=0.89). All eyes had an unremarkable ophthalmological
evaluation regarding slit-lamp microscopy, fundoscopy,
and no tomographic criteria for corneal ectasia.

The epithelial thickness profiles at baseline and af-
ter treatment are presented in Fig.s 1 and 2, respectively.
The differences between evaluations are shown in Table 1.
There was no statistically significant difference for average
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Figure 1. Epithelial thickness (mean, range; um) mapping at the baseline.
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Figure 2. Epithelial thickness (mean, range; um) mapping after treatment.

N: Nasal.
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Table 1. Corneal epithelial thickness comparison (mean * standard deviation, range; um) between baseline and after treatment.
Baseline After treatment Mean difference p-value
Central
Mean 46.7 +1.1 (45.8 — 47.3) 47.2+0.8 (46.2 - 48.3) 0.5 0.51
Minimum 42.3 +3.1 (38.9 —42.3) 445+2.2 (41.4-45.1) 22 0.01
Maximum 49.3 +3.5 (47.5-52.6) 49.9+3.1 (48.3 -54.1) 0.6 0.51
Paracentral
Mean 45.8 £2.1 (44.1 - 47.3) 46.6 1.6 (45.2 — 48.6) 0.8 0.33
Minimum 413+1.7 (39.2-43.1) 43.1+1.5(42.4-43.8) 1.6 0.03
Maximum 48.5+1.5(46.5-48.7) 48.6 +1.3 (46.2 — 49.8) 0.1 0.89
Superior 448+1.2 (44.1-45.7) 455+1.1 (44.4-46.2) 0.7 0.33
Superotemporal 44.1+1.4(43.3-454) 447 +1.5 (42.4-46.2) 0.6 0.42
Temporal 432+1.1 (42.4 - 44.5) 445+1.4 (43.7 - 46.4) 1.3 0.15
Inferotemporal 443 +1.5(39.2 -46.1) 46.3+1.2 (44.3-474) 2.0 0.02
Inferior 45.8 +1.3 (45.1 -47.2) 474 +1.4 (46.3 - 49.8) 1.6 0.03
Inferonasal 455+1.6 (44.8-48.7) 46.4+1.2 (45.2 - 47.8) 0.9 0.33
Nasal 45.1+1.5 (44.4 - 46.8) 457 +1.1 (45.2 - 47.8) 0.6 0.51
Superonasal 449+1.6 (43.8-46.4) 453+ 1.1 (44.7 - 46.7) 0.4 0.66
Midperipheral
Mean 43.8+1.8 (41.1-45.1) 45.1+1.3 (43.9-46.7) 1.3 0.15
Minimum 40.6 2.5 (37.6 — 42.3) 42.3+23(39.4-44.7) 1.7 0.03
Maximum 47.8 £2.4 (45.5 - 48.3) 48.8+2.4(47.4-50.1) 1.0 0.13
Superior 43.9+1.6 (42.3 -44.9) 442 +1.2 (42.6 -45.2) 0.3 0.72
Superotemporal 43.8+1.7 (42.4-45.1) 439+1.4(39.4-45.2) 0.1 0.89
Temporal 42.8+1.5 (41.8-44.7) 43.6+1.1 (42.4 - 44.9) 0.8 0.33
Inferotemporal 43.8+1.4 (37.6 -46.1) 45.5+1.3 (43.7 - 46.7) 1.7 0.03
Inferior 44.4+2.1 (43.1-46.7) 459 +1.3 (44.6 -50.1) 5 0.04
Inferonasal 44.6 +1.3 (43.6 —48.3) 45.7 +1.6 (44.2 -46.1) 1.1 0.09
Nasal 448 +1.6 (43.1 -46.3) 45.1+1.6 (43.8 -46.4) 0.3 0.71
Superonasal 44.1+1.7 (43.2-45.1) 44.5+1.2 (43.6 —45.3) 0.4 0.66

OD: Right eye; OS: Left eye; S: Superior; ST: Superotemporal; T: Temporal; IT: Inferotemporal; I: Inferior; IN: Inferonasal; N: Nasal; SN: Superonasal.

central epithelial thickness (46.7 + 1.1 um vs 47.2 + 0.8 um,
p=0.51). Minimum central epithelial thickness was lower at
the baseline (42.3 3.1 um vs 44.5 +2.2 um, p=0.01). The par-
acentral minimum (41.3 + 1.7 um vs 43.1 + 1.5 um, p=0.03),
inferotemporal (44.3 + 1.5 um vs 46.3 = 1.2 um, p=0.02) and
inferior (45.8 + 1.3 um ovs 47.4 + 1.4 um, p=0.03) epithelial

thicknesses were lower at the baseline. The midperipheral
minimum (40.6 + 2.5 pym vs 42.3 + 2.3 um, p=0.03), infer-
otemporal (43.8 + 1.4 um vs 45.5 + 1.3 um, p=0.03) and infe-
rior (44.4 2.1 pm vs 45.9 + 1.3 um, p=0.04) epithelial thick-
nesses were also lower at the baseline.

At the baseline, minimum epithelial thickness was reg-
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Figure 3. Corneal full thickness (mean, range; um) at the baseline.

N: Nasal.

Figure 4. Corneal full thickness (mean, range; um) after treatment.

N: Nasal.
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Table 2. Full corneal thickness (mean * standard deviation, reange; um) comparison between baseline and after treatment.
Baseline After treatment Mean difference p-value
Central (OD / OS)
Mean 544.9 +21.2 545.8 +20.4 0.9 0.42
Minimum 532.5+28.1 533.5+£27.7 1.0 0.42
Maximum 561.1 +26.5 561.3 +24.2 0.2 0.89
Paracentral (OD / OS)
Mean 649.3 £27.2 651.0 £26.7 1.7 0.21
Minimum 542.3 £28.3 544.2 £26.9 2.1 0.12
Maximum 584.6 +29.1 583.4+27.1 1.2 0.42
S 567.4 +21.3 569.0 £21.5 1.6 0.21
ST 558.8 +23.1 559.5+22.1 0.7 0.51
T 547.4 £26.5 547.6 £23.3 0.2 0.89
IT 546.1 £26.7 548.3 £26.8 22 0.03
I 551.4+24.3 S5 2 25,11 2.6 0.02
IN 555.4 +24.4 557.1+23.8 1.7 0.21
N 560.7+ 22.6 562.4 +23.4 1.7 0.21
SN 563.9 +24.6 565.1 +22.1 1.2 0.42
Midperipheral (OD / OS)
Mean 584.3 £29.9 586.1 £26.2 1.8 0.21
Minimum 559.2 +28.1 560.9 +26.3 1.7 0.21
Maximum 603.2 £28.7 604.4 £26.1 1.2 0.42
S 593.2+23.3 593.5 +23.7 0.3 0.89
ST 579.4+24.2 579.8 £25.2 0.4 0.72
T 563.7 +26.2 564.2 +25.2 0.5 0.66
IT 561.9 £27.9 564.4+29.1 25 0.02
I 573.8 +28.2 576.2 +27.1 24 0.02
IN 577.2+24.2 578.2+£23.8 1.0 0.51
N 581.3 +24.1 582.7 +24.4 14 0.33
SN 582.9 £24.3 582.7 £24.1 0.2 0.89

OD: Right eye; OS: Left eye; S: Superior; ST: Superotemporal; T: Temporal; IT: Inferotemporal; I: Inferior; IN: Inferonasal; N: Nasal; SN: Superonasal.

istered in inferotemporal octant (39.2 um), and maximum
epithelial thickness was registered in the inferonasal area
(48.7 um). After treatment, minimum epithelial thickness
was registered in superotemporal octant (42.4 um), and
maximum epithelial thickness was registered in the infe-
rior area (49. ). The difference between the minimum and
maximum epithelial thicknesses (min-max) was -2.8 um at
the baseline and -5.2 um after treatment (p<0.01)

The corneal full-thickness profiles at baseline and af-
ter treatment are presented in Fig.s 3 and 4, respectively.
The differences between evaluations are shown in Table
2. There was no statistically significant difference for cen-
tral corneal thickness (544.9 + 21.2 um vs 545.8 + 20.4 pm,
p=0.42). At the baseline, paracentral CT were lower in infer-
otemporal (546.1 + 26.7 um vs 548.3 + 26.8 um, p=0.03) and
inferior (551.4 +24.3 um vs 553.7 + 25.1 um, p=0.02) octants.
Midperipheral CT was lower in inferotemporal (561.9 +
27.9 um vs 564.4 +29.1 um, p=0.02) and inferior (573.8 + 28.2
pum vs 576.2 + 27.1 um, p=0.02) octants, at the baseline. Un-
like these areas, there were no statistically significant differ-
ences for epithelial thickness in the other octants. Finally,
the study did not find any correlations between ET and age
(p=0.89) and between ET and SE (p=0.66).

DISCUSSION

The present study shows the corneal remodeling epitheli-
al thickness after stopping to rub the eyes. Epithelium restores

its normal distribution due to inferotemporal thickening.

Eye rubbing has been strongly associated with kerato-
conus development and progression. It leads to progres-
sive distortion and disorganization of the corneal collagen
fibers, impairing corneal biomechanics.” Additionally, eye
rubbing increases the level of tear-film pro-inflammatory
factors (matrix metalloproteinases, interleukin 6, and tu-
mor necrosis factor-alpha), which proved to be relevant in
the pathogenesis of KC."* As such, children who frequently
rub their eyes have been considered to have a higher risk of
developing KC."""*

Epithelial thickness analysis could be relevant in many
ocular disorders, and epithelial changes may be the first
morphological alterations to be detected in keratoconus.
VHEF digital ultrasound scanning was firstly used by Re-
instein to evaluate epithelial thickness profiles and is con-
sidered the gold standard for epithelial thickness analysis.
Anterior segment optical coherence tomography (AS-OCT)
provides high-resolution images of the corneal epithelium
with no need of contact or anesthesia and has been placed
as an alternative to VHF in clinical practice. AS-OCT has a
reproducibility of 0.93 and repeatability of 0.8."**** How-
ever, AS-OCT measurements include the tear film, which
can vary between 2 and 7 um, and epithelial thickness are
expected to be thicker on OCT.>#2

Analyzing epithelial thickness in tomographically nor-
mal corneas could better demonstrate the corneal damage
associated with eye rubbing. The cut-off of 1.22 for BAD-D
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raises the specificity to select corneas with no ectasia, even
fruste forms.”” Moreover, children between 8 and 12 years
have less probability of having stromal damage due to less
cumulative stress. Additionally, we included children who
preferably rub the eyes with the knuckle as we believe it
may better reflect the impact of eye rubbing in cornea, ac-
cording to Hafezi et al, who have demonstrated that rub-
bing with knuckle (proximal interphalangeal joint) applies
more force on the eyelids than rubbing with a fingernail or
with the fingertip.”

Corneal epithelial thickness pattern in healthy children
was elucidated in our previous paper.”’ Later, we have dem-
onstrated that inferotemporal area is the most prone to eye
rubbing damage, precisely where the majority of keratoco-
nus are found. Additionally, there was a positive influence of
hand dominance with lower epithelial thickness reported in
hand-dominant side.” As such, we only included right eyes
of right-handed children, which more intensely reflect the
damage. Comparing with normal age-match children, eye
rubbers had lower epithelial thickness in inferior (45.8 + 1.3
pm vs 47.7 + 1.1 pm), temporal (43.2 = 1.1 um vs 459 + 1.1
pum) and inferotemporal (43.3 + 1.5 pm vs 46.8 + 1.2 um) oc-
tants. Moreover, eye rubbers epithelial thickness pattern dif-
fered from the normative one due to inferior and temporal
thinning. The paracentral thinnest point was lower (39.2 um
vs 42.9 um) and moved from its normal location in super-
otemporal to inferotemporal octant. The difference between
the minimum and maximum epithelial thickness were lower
in eye rubbers (-2.8 pm vs -7.2 um) due to global thinning
in inferior areas, where the epithelium is usually thicker. In-
ferotemporal thinning was reflected in lower I-S (1.1 um vs
3.3 um) and higher N-T (3.1 um vs 0.7 um) comparing with
age match-controls. The IN-ST (1.5 um vs 2.1 um) and IT-SN
(-0.1 um vs 0.6 um) differences were not significantly differ-
ent than normative database.

Children were re-evaluated after eight weeks of treat-
ment according to the average time for resolution of rigid
gas-permeable contact-lens corneal warpage.”” Corneal
epithelial mapping recovered its normal pattern due to in-
ferotemporal thickening. The paracentral central thinnest
point was thicker than baseline evaluation (39.2 um vs 42.4
pum) and returned to its normal position, in superotemporal
octant. The min-max became more physiological (-2.8 um
vs -5.2 um, p<0.01), as the I-S (1.1 pm vs 2.7 um, p<0.01) and
N-T (3.1 um vs 1.4 um, p<0.01).

Corneal full-thickness profile followed epithelial thick-
ness changes. Inferior and inferotemporal areas thickened
after the treatment. Despite acknowledging that compen-
satory epithelial changes occur in response to stromal ir-
regularities, we believe these results only reflect epitheli-
al damage and may represent the very early stage of KC
pathogenesis, with no actual stromal damage.'>**’

Limitations of our study are the small sample and the
fact that we only included boys. However, we prefer not
to include girls due to known gender-based ET variations,
which could bias our results. Moreover, we recognize that
it is extremely difficult to stop rubbing the eyes and we
cannot ensure that every child stopped. Additionally, eye

rubbing stop also decreases the levels of pro-inflammatory
cytokines, which, in turn, softens the epithelial damage and
could alter epithelial thickness profile. At last, we recognize
device-related limitations. Cirrus OCT tends measuring ep-
ithelial thickness 5-6 um thinner than the other devices due
to the refractive index used for the measurements. Rather
than considering the absolute thickness values as accurate,
the main findings of this study are related to the change in
epithelial thickness due to eye rubbing, so these differences
can be translated to apply to epithelial measurements with
other devices.

Despite this, we believe our results demonstrate the
effect of eye rubbing in the corneal epithelium and sup-
port the theories regarding the negative impact of rubbing.
Moreover, our results could help elucidate the pathogen-
esis of keratoconus and highlight the importance of chil-
dren’s children’s education to not rub the eyes.

CONCLUSION

Anterior segment optical coherence tomography analy-
ses reveal epithelial remodeling associated with eye rub-
bing in tomographically normal corneas. Corneal epithe-
lium recovers its normal distribution after stopping to rub
the eyes due to inferotemporal epithelium thickening. Our
results demonstrate the dangers of eye rubbing and high-
light the importance of educating patients not to rub their
eyes. Further work is needed to elucidate the effect of eye
rubbing in the corneal epithelium in keratoconus cases.

RESPONSABILIDADES ETICAS

Conflitos de Interesse: Dr Renato Ambrésio Jr é consul-
tor de: Oculus, Alcon, Zeiss, Essilor, Genom, Mediphacos.
Os restantes autores declaram a inexisténcia de conflitos de
interesse na realizag¢ao do presente trabalho.

Fontes de Financiamento: Nao existiram fontes exter-
nas de financiamento para a realizacao deste artigo.

Confidencialidade dos Dados: Os autores declaram ter
seguido os protocolos da sua instituicao acerca da publi-
cacao dos dados de doentes.

Protecao de Pessoas e Animais: Os autores declar-
am que os procedimentos seguidos estavam de acordo
com os regulamentos estabelecidos pelos responsaveis da
Comissio de Investigagio Clinica e Etica e de acordo com a
Declaracao de Helsinquia revista em 2013 e da Associagao
Médica Mundial.

Proveniéncia e Revisdo por Pares: Nao comissionado;
revisao externa por pares.

ETHICAL DISCLOSURES

Conflicts of Interest: Dr Renato Ambrdsio Jr is a consult-
ant for Oculus, Alcon, Zeiss, Essilor, Genom, Mediphacos.

The remaining authors have no financial or proprietary
interest in the materials presented herein.

Revista da Sociedade Portuguesa de Oftalmologia - Volume 45 - N4 - Outubro-Dezembro 2021 | 215



Corneal Epithelium Remodelling After Eye Rubbing Discontinuation in Pediatric Allergic Patients

Financing Support: This work has not received any

contribution, grant or scholarship

Confidentiality of Data: The authors declare that they

have followed the protocols of their work center on the
publication of data from patients.

Protection of Human and Animal Subjects: The au-

thors declare that the procedures followed were in accord-
ance with the regulations of the relevant clinical research
ethics committee and with those of the Code of Ethics of
the World Medical Association (Declaration of Helsinki as
revised in 2013).

Provenance and Peer Review: Not commissioned; ex-

ternally peer reviewed.

REFERENCES

10.

11.

12.

Hashemi H, Heydarian S, Hooshmand E, Saatchi M, Yekta A,
Aghamirsalim M, et al. The Prevalence and Risk Factors for
Keratoconus: A Systematic Review and Meta-Analysis. Cor-
nea. 2020;39:263-70. doi: 10.1097/1C0O.0000000000002150.
Gordon-Shaag A, Millodot M, Kaiserman I, Sela T, Barnett
Itzhaki G, Zerbib Y, et al. Risk factors for keratoconus in Israel:
a case-control study. Ophthalmic Physiol Opt. 2015;35:673-81.
doi: 10.1111/opo.12237

Galvis V, Tello A, Carrefio NI, Berrospi RD, Nifio CA. Risk
Factors for Keratoconus: Atopy and Eye Rubbing. Cornea.
2017;36:e1. doi: 10.1097/1C0O.0000000000001052.

Hashemi H, Khabazkhoob M, Yazdani N, Ostadimoghaddam
H, Norouzirad R, Amanzadeh K, et al. The prevalence of kera-
toconus in a young population in Mashhad, Iran. Ophthalmic
Physiol Opt. 2014;34:519-27. doi:10.1111/0po.12147

Gatinel D. Eye rubbing, a sine Qua Non for Keratoconus ? Int
J Keratoconus Ectatic Corneal Dis. 2016;5:6-12

Gomes JA, Tan D, Rapuano CJ, Belin MW, Ambrésio R Jr,
Guell JL, et al; Group of Panelists for the Global Delphi Panel
of Keratoconus and Ectatic Diseases. Global consensus on
keratoconus and ectatic diseases. Cornea. 2015;34:359-69. doi:
10.1097/1C0O.0000000000000408.

Ambrosio R. Violet June: The Global Keratoconus Awareness
Campaign. Ophthalmol Ther. 2020;9:685-688. doi:10.1007/
s40123-020-00283-5

Silverman RH, Urs R, Roychoudhury A, Archer T], Gobbe
M, Reinstein DZ. Epithelial remodeling as basis for machine-
based identification of keratoconus. Investig Ophthalmol Vis
Sci. 2014;55:1580-7.. doi:10.1167/iovs.13-12578

Reinstein DZ, Archer T], Gobbe M. Corneal epithelial thick-
ness profile in the diagnosis of keratoconus. ] Refract Surg.
2009;25:604-10. doi:10.3928/1081597X-20090610-06
Kanellopoulos AJ, Aslanides IM, Asimellis G. Correlation be-
tween epithelial thickness in normal corneas, untreated ectatic
corneas, and ectatic corneas previously treated with CXL; is
overall epithelial thickness a very early ectasia prognostic factor?
Clin Ophthalmol. 2012;6:789-800. doi:10.2147/OPTH.S31524
Akcay EK, Uysal BS, Sarac O, Ugurlu N, Yulek F, Cagil N, et
al. The Effect of Corneal Epithelium on Corneal Curvature in
Patients with Keratoconus. Semin Ophthalmol. 2015;30:364-
71. doi: 10.3109/08820538.2013.874490.

Li Y, Tan O, Brass R, Weiss JL, Huang D. Corneal epithelial
thickness mapping by fourier-domain optical coherence to-
mography in normal and keratoconic eyes. Ophthalmology.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

2012;119:2425-33. doi:10.1016/j.ophtha.2012.06.023

Li Y, Meisler DM, Tang M, Lu AT, Thakrar V, Reiser BJ, et
al. Keratoconus diagnosis with optical coherence tomography
pachymetry mapping. Ophthalmology. 2008;115:2159-66. doi:
10.1016/j.ophtha.2008.08.004.

Li Y, Tang M, Zhang X, Salaroli CH, Ramos JL, Huang D.
Pachymetric mapping with Fourier-domain optical coher-
ence tomography. ] Cataract Refract Surg. 2010,;36:826-31. doi:
10.1016/j.jcrs.2009.11.016.

Prakash G, Agarwal A, Mazhari Al, Chari M, Kumar DA, Ku-
mar G, et al. Reliability and reproducibility of assessment of
corneal epithelial thickness by fourier domain optical coher-
ence tomography. Invest Ophthalmol Vis Sci. 2012;53:2580-5.
doi: 10.1167/i0vs.11-8981.

Balasubramanian SA, Pye DC, Willcox MD. Effects of eye
rubbing on the levels of protease, protease activity and cy-
tokines in tears: relevance in keratoconus. Clin Exp Optom.
2013;96:214-8. doi:https://doi.org/10.1111/cx0.12038

Alio JL, Vega-Estrada A, Sanz P, Osman AA, Kamal AM, Ma-
moon A, etal. Corneal Morphologic Characteristics in Patients
With Down Syndrome. JAMA Ophthalmol. 2018;136:971-8.
doi:10.1001/jamaophthalmol.2018.2373

Shajari M, Eberhardt E, Miiller M, Al Khateeb G, Friderich S,
Remy M, et al. Effects of Atopic Syndrome on Keratoconus.
Cornea. 2016;35:1416-20. doi: 10.1097/ICO.0000000000000935.
Sharma N, Rao K, Maharana PK, Vajpayee RB. Ocular al-
lergy and keratoconus. Indian ] Ophthalmol. 2013;61:407-9.
doi:10.4103/0301-4738.116063
Francoz M, Karamoko I, Baudouin C, Labbé A. Ocular sur-
face epithelial thickness evaluation with spectral-domain
optical coherence tomography. Investig Ophthalmol Vis Sci.
2011;52:9116-23. d0i:10.1167/iovs.11-7988
Ma X]J, Wang L, Koch DD. Repeatability of corneal epithelial
thickness measurements using fourier-domain optical coher-
ence tomography in normal and post-LASIK eyes. Cornea.
2013;32:1544-8. doi:10.1097/ICO.0b013e3182a7f39d
Ge L, Yuan Y, Shen M, Tao A, Wang ], Lu F. The role of axial
resolution of optical coherence tomography on the measure-
ment of corneal and epithelial thicknesses. Investig Ophthal-
mol Vis Sci. 2013;54:746-55. doi:10.1167/io0vs.11-9308
Azartash K, Kwan ], Paugh JR, Nguyen AL, Jester ] V, Gratton
E. Pre-corneal tear film thickness in humans measured with a
novel technique. Mol Vis. 2011;17:756-67.

Chen Q, Wang ], Tao A, Shen M, Jiao S, Lu F. Ultrahigh-reso-
lution measurement by optical coherence tomography of dy-
namic tear film changes on contact lenses. Invest Ophthalmol
Vis Sci. 2010;51:1988-93. doi:10.1167/iovs.09-4389

Cui L, Wang ], Perez VL, Shen M, Yuan Y, Wang MR. Visuali-
zation of the Precorneal Tear Film Using Ultrahigh Resolution
Optical Coherence Tomography in Dry Eye. Eye Contact Lens
Sci Clin Pract. 2012;38:240-4. doi:10.1097/icl.0b013e318257a108
Reinstein DZ, Yap TE, Archer T], Gobbe M, Silverman RH.
Comparison of corneal epithelial thickness measurement be-
tween fourier-domain OCT and very high-frequency digital
ultrasound. ] Refract Surg. 2015;31:438-45. doi:10.3928/108159
7X-20150623-01

Belin M, Khachikian S. Keratoconus / Ectasia Detection with
the Oculus Pentacam. Highl Ophthalmol. 2008;35:5-12.
Ambrosio R, Valbon BF, Faria-Correia F, Ramos I, Luz
A. Scheimpflug imaging for laser refractive surgery.
Curr Opin  Ophthalmol.  2013;24:310-20.  d0i:10.1097/
ICU.0b013e3283622a94

Hafezi F, Hafezi NL, Pajic B, Gilardoni F, Randleman ]B,
Gomes JP, et al. Assessment of the mechanical forces ap-

216 | Revista da Sociedade Portuguesa de Oftalmologia - Volume 45 - N4 - Outubro-Dezembro 2021



Corneal Epithelium Remodelling After Eye Rubbing Discontinuation in Pediatric Allergic Patients

30.

31.

32.

33.

34.

35.

plied during eye rubbing. BMC Ophthalmol. 2020;20:301.
doi:10.1186/512886-020-01551-5

Loureiro T de O, Rodrigues-Barros S, Lopes D, Carreira AR,
Gouveia-Moraes F, Vide-Escada A, et al. Corneal Epithelial
Thickness Profile in Healthy Portuguese Children by High-
Definition Optical Coherence Tomography. Clin Ophthalmol.
2021;15:735-43. doi:10.2147/OPTH.S293695

Auffarth GU, Wang L, Vélcker HE. Keratoconus evaluation
using the Orbscan Topography System. ] Cataract Refract
Surg. 2000;26:222-8. doi: 10.1016/s0886-3350(99)00355-7.
Wang X, McCulley JP, Bowman RW, Cavanagh HD. Con-
tact Lens-Induced Corneal Warpage in Patients Scheduled
for Photorefractive Surgery . Invest Ophthalmol Vis Sci.
2002;43:3103.

Rocha KM, Perez-Straziota CE, Stulting RD, Randleman ]B.
SD-OCT analysis of regional epithelial thickness profiles in
keratoconus, postoperative corneal ectasia, and normal eyes.
J Refract Surg. 2013;29:173-9. doi: 10.3928/1081597X-20130129-
08. Erratum in: ] Refract Surg. 2013;29:234. Perez-Straziota, E
[corrected to Perez-Straziota, Claudia E].

Reinstein DZ, Srivannaboon S, Gobbe M, Archer TJ, Silver-
man RH, Sutton H,et al. Epithelial thickness profile changes
induced by myopic LASIK as measured by artemis very high-
frequency digital ultrasound. ] Refract Surg. 2009;25:444-50..
doi:10.3928/1081597X-20090422-07

Reinstein DZ, Archer TJ, Gobbe M. Change in epithelial thick-
ness profile 24 hours and longitudinally for 1 year after myop-

Revista da Sociedade Portuguesa de Oftalmologia - Volume 45 - N4 - Outubro-Dezembro 2021

36.

37.

ic LASIK: Three-dimensional display with artemis very high-
frequency digital ultrasound. ] Refract Surg. 2012;28:195-201.
doi:10.3928/1081597X-20120127-02

Reinstein DZ, Archer TJ], Gobbe M, Silverman RH, Coleman
DJ. Epithelial thickness after hyperopic LASIK: Three-di-
mensional display with artemis very high-frequency digital
ultrasound. ] Refract Surg. 2010;26:555-64. doi:10.3928/108159
7X-20091105-02

Reinstein DZ, Archer T. Combined Artemis very high-fre-
quency digital ultrasound-assisted transepithelial photother-
apeutic keratectomy and wavefront-guided treatment follow-
ing multiple corneal refractive procedures. ] Cataract Refract
Surg. 2006 ;32:1870-6. doi:10.1016/j.jcrs.2006.07.016

Corresponding Author/
Autor Correspondente:

Tomas de Oliveira Loureiro
Ophthalmology Department, Hospital,
Garcia de Orta, Avenida Torrado da
Silva, 2805-267 Almada, Portugal
loureiro.tomas@gmail.com

ORCID: 0000-0001-7949-7248

I 217


https://orcid.org/0000-0001-7949-7248

