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Abstract

Objective: This study aimed to report the corneal aberration alterations after accelerated transepithelial corneal crosslinking
(A-TE CXL) and to investigate the relationship between corrected distance visual acuity (CDVA) and corneal aberrations.

Methods: Fifty-six eyes of 45 progressive keratoconus (KCN) patients who underwent A-TE CXL were retrospectively evaluated.
Total ocular aberrations (TOA), high-order aberrations (HOA), low order aberrations (LOA), and spectacle-CDVA values were
recorded preoperatively, 6, and 12 months after the procedure. The alterations of the parameters were compared and
correlation analysis was performed between corneal aberrations and CDVA.

Results: The mean age of the patients was 22.23+3.14 years. The preoperative, postoperative 6 and 12 months median CDVAs
were 0.50 (0.20-0.90), 0.60 (0.20-1.0) and 0.60 (0.10-0.90), respectively. The preoperative root means square (RMS)-TOA, RMS-
HOA, and RMS-LOA values were 2.4+0.88um, 1.50+0.59um, and 1.78+0.88um, respectively. The CDVA values increased
significantly at postoperative-6 month examinations. After the A-TE CXL procedure, the aberrations were detected as
2.58+£0.94pum, 1.62+0.57um, 1.90+0.99pum and 2.38+0.81um, 1.46+0.57um, 1.77+0.85um at 6th and 12th months, respectively.
The TOA and HOA values significantly decreased 6 and 12 months after A-TE CXL. The LOA alterations were not statistically
significant. The correlation analysis between corneal aberrations and CDVA revealed no significance at any time point.

Conclusion: Although the TOA and HOA values significantly decreased and CDVA significantly increased in the early
postoperative period, a relationship between the CDVA and corneal aberration alterations was not detected. Even the corneal
aberration improvement had contributed to the increase in CDVA, evaluation of epithelial structural alterations can be
suggested to better understand the clinical outcomes.
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Hizlandirilmis Transepitelyal Korneal Capraz Baglama Tedavisi Sonrasi Korneal Aberasyon
Degisimlerinin Degerlendirilmesi
0z
Amag: Bu calisma hizlandirilmis transepitelyal korneal ¢apraz baglama (H-TE KCB) tedavisi sonrasi korneal aberasyon

degisimlerini sunmay1 ve korneal aberasyonlar ile diizeltilmis uzak gérme keskinligi (DUGK) arasindaki iligkiyi incelemeyi
amagladi.

Yéntemler: H-TE KCB tedavisi uygulanmis 45 progresif keratokonus (KKN) hastasinin 56 gozii retrospektif olarak
degerlendirildi. Total okiiler aberasyonlar (TOA), yliksek sirali aberasyonlar (YSA), diisiik sirali aberasyonlar (DSA) ve gozliikle
DUGK degerleri islem 6ncesinde ve 6-12 ay sonrasinda kaydedildi. Bu parametrelerin degisimleri karsilastirildi ve DUGK ile
korneal aberasyonlar arasinda korelasyon analizi yapildi.

Bulgular: Hastalarin ortalama yasi 22.23+3.14 yildi. Ameliyat 6ncesi, 6 ve 12 ay sonrasi median DUGK degerleri sirasiyla 0.50
(0.20-0.90), 0.60 (0.20-1.0) and 0.60 (0.10-0.90) idi. Postoperatif 6.ay muayenesinde DUGK anlamli olarak artmisti. Ancak
Ameliyat 6ncesi karekok (KK)-TOA, KK-YSA ve KK-DSA degerleri sirasiyla 2.4+0.88um, 1.50+0.59um and 1.78+0.88um idi.
Ameliyattan 6 ve 12 ay sonra ise bu degerler sirasiyla 2.58+0.94um, 1.62+0.57pm, 1.90+0.99um ve 2.38+0.81um, 1.46+0.57pum,
1.77%0.85um olarak saptandi. TOA ve YSA, H-TE KCB tedavisi sonrasi 6 ve 12. Ayda anlamli olarak azaldi. DSA degisimleri ise
anlaml degildi.Hi¢bir dl¢lim zamaninda korneal aberasyon degisimleri ile DUGK arasinda anlamli korelasyon saptanmadu.

Sonug: H-TE KCB tedavisi sonrasi TOA ve HOA degerlerinde anlamli diisiis, DUGK’de erken postoperatif ddonemde anlamli bir
artis olmasina ragmen bu degerler arasinda bir iliski saptanmadi. Tedavi sonrast DUGK artisina korneal aberasyonlardaki
iyilesmenin katkisi1 olsa da, klinik sonuglar1 daha iyi anlamak igin epitel yapisinda meydana gelen degisimlerinde
degerlendirilmesi 6nerilebilir.

Anahtar kelimeler: Korneal aberasyonlar, korneal ¢apraz baglama, keratoconus.

INTRODUCTION with increased patient comfort, less risk of

. . o infection, and corneal haze®.
Keratoconus (KCN) is progressive thinning of

the cornea leading to irregular myopic
astigmatism and decreased visionl. Its

The corneal aberrations can be measured by
three distinct methods; Hartmann-

prevalence in the general population varies
between 50-230/100.0002. A satisfactory visual
acuity may not be achieved in most of the
patients by conventional methods such as
glasses and soft contact lenses due to the
increased high-order aberrations (HOAs)3.

The only treatment modality to stop
keratoconus progression is corneal cross-
linking (CXL)*. The UV-A irradiated Riboflavin
molecules increase the biomechanical strength
of the covalent bonds between corneal stromal
collagen fibres®. Thus, the progression of the
disease can be halted and in addition, some
secondary benefits can be obtained in terms of
the optical properties of the cornea. Currently,
accelerated (A) and transepithelial protocols
(TE) are available to perform the procedure

Schackaberrometer, Scheimpflug based corneal
topography, and anterior segment OCT2. The
Scheimpflug corneal topography device is
widely used in ophthalmology clinics and its
repeatability was reported as good to excellent’.
Particularly the HOA values were determined to
increase approximately 5.5 times more in KCN
patients compared to the healthy population8. It
was previously reported that the maximum and
mean keratometry (Kmax-Kmean), total ocular
aberration (TOA), and HOA measurements
were significantly improved after CXL with
various treatment protocols®10. Besides,
corneal aberration alterations were suggested
as useful indices to monitor CXL treatment
success!l, On the other hand, there were
contradictory results whether these changes
are correlated with clinical findings?2.
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Currently, there is no consensus on A-CXL
protocols. The UV-A irradiation is performed for
30 minutes with 3mW/cm2 energy in the
standard Dresden protocol, whereas, the
accelerated protocol can be applied in pulsed or
continuous modes with 10-45 mW/cm2 energy
and irradiation times ranging between 2.4-10
minutes!3-15. Moreover, the stromal penetration
of Riboflavin can be achieved by the mechanical
removal of the epithelium (epi-off) or over an
intact epithelium (transepithelial) by changing
the chemical content of the solution. The
modality variations may lead to differences in
postoperative topographic results. In this study,
we evaluated the corneal aberration alterations
in our patients who underwent A-TE CXL.
Therefore, we aimed to investigate the
relationship between corneal aberration and
visual acuity alterations.

METHODS

This retrospective study included progressive
KCN patients who applied to the ophthalmology
clinic of a tertiary university hospital and
underwent A-TE CXL between January 2018-
January 2019. Both verbally and written
informed consents were acquired from all
participants before the procedure. RecepTayyip
Erdogan University ethical board committee
approval was obtained prior to the study and
the researchers committed to follow the tenets
of the Declaration of Helsinki.

All patients recruited in the study were
ophthalmologically examined including
spectacle-corrected visual acuity (CDVA) with
Snellen’s chart, anterior segment
biomicroscopy, fundoscopy, and Sirius corneal
topography preoperatively, 6 and 12 months
after the A-TE CXL procedure. KCN diagnosis
was confirmed by Scheimpflug corneal
topography software which was based on
keratometer and pachymetry measures. The
progression criteria were 21D increase of the
Kmax, 220 um decrease of the minimal central
corneal thickness (MCCT), and 210um increase
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of keratometry vertex front and/or back
indices. Patients with at least two of the
topographic progression parameters in the last
6 months were recruited in the study. The
exclusion criteria for the procedure were; MCCT
<400um, history of autoimmune and collagen
tissue disease, neurodermatitis, hydrops
sequelae, recurrent corneal erosion, corneal
dystrophy, tear dysfunction, herpetic eye
disease, deep corneal scar, untreated eyelid
disorders, pregnancy, and breastfeeding.
Patients with missing data were also excluded.
Demographic data, spectacle-CDVA values, TOA,
total HOA, and LOA values from central 6mm
cornea were recorded for analysis.

Accelerated
Procedure

Transepithelial ~ Crosslinking

The proparacaine hydrochloride 0.5% (Alcaine,
Alcon Labs, USA) drops were instilled for local
anesthesia before the procedure. The eye was
sterile draped and then the eyelid speculum was
inserted. Riboflavin solution was applied to the
corneal surface in two steps for ten minutes, one
minute apart, without removing the epithelium.
In the first step, 0.25% riboflavin (Paracel Part
I, Avedrolnc, USA) containing BAC and HPMC
was instilled for four minutes. Thereafter 0.22%
riboflavin (ParacelPart II, Avedrolnc, USA) was
instilled over the next six minutes. The cornea
was washed with a isotonic solution to remove
excessive riboflavin. The UV-A was applied by
the Avedro KXL System (Avedro Inc., Waltham,
USA) with 45mW/cm? UV power for 2 minutes
and 40 seconds. The total energy of irradiation
was 7.20 J/cm?. Patients were prescribed 0.15%
Na-Hyaluronate (Eyestil, SIFI, Italy) topical
artificial tear drops and %0.5 Moxifloxacin
hydrochloride (Vigamox, Alcon Labs, Fort
Worth, TX) four times a day for two weeks
postoperatively.

Data Analysis

Statistical analyses were performed using SPSS
version 23.0 for Windows (SPSS, Inc., Chicago,
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IL). The normality distribution of the variables
were investigated with analytical methods.
Repeated measures ANOVA test was used to
compare normally distributed values and
Friedman test was used to compare non-
parametric measures at three-time points.
Bonferroni correction was performed for
multiple comparisons. The alterations between
two-time points were compared by using the
Paired samples t-test. The Pearson and
Spearmen  correlation coefficients were
calculated to evaluate the relation between
CDVA and corneal aberration alterations. All
analyses were performed with a power of 95%
CIL. The p values less than 0.05 were accepted as
significant. The post-hoc power analysis was
performed by using G*Power v3.1.9.2 program.

RESULTS

This study included 56 eyes of 45 KCN patients.
The calculated power (1-beta) based on this test
was 0.993 , considering type I error (alfa) of
0.05, sample size of 56, effect size of 0.56 and
one-sided alternative hypothesis (H1). The
mean age of the patients was 22.23+3.14 (17-
30) years. The procedure was applied to 15
right eyes, 19 left eyes, and 11 bilateral cases.
The demographic data of the patients are shown
in Table-I.

Table I: Demographic data of the patients

Mean SD Minimum Maximum
Age

22.23 3.14 17 30
(years)

N Right Left Bilateral

Male 24 12 5 7
Female 21 7 10 4
Total 45 19 15 11

The median of CDVA before CXL was 0.50 (0.20-
0.90). They were0.60 (0.20-1.0) and 0.60 (0.10-

0.90), respectively at postoperative 6 and 12
months (Figure-I) The postoperative CDVA
alteration was statistically significant (p
=0.002).
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Figure I. The median corrected distance visual acuity
(CDVA) alterations after the procedure

The preoperative root means square (RMS)-
TOA, RMS-HOA, and RMS-LOA values were
2.4+0.88 um, 1.50+0.59 pm, and 1.78+0.88 um,
respectively. After the A-TE CXL procedure, the
aberrations were detected as 2.58+0.94 um,
1.62+0.57 pm, 1.90£0.99 um, and 2.38+0.81 um,
1.46+0.57 pm, 1.77+0.85 pm at 6th and 12th
months, respectively. The TOA and HOA were
significantly altered however there was no
significant change in LOA measurements (Table
[1-111).

Table II. The CDVA and corneal aberration
measurements of the patients
Pre-op 6 months 12 months p
0.50 (0.20-  0.60 (0.20-  0.60 (0.10- i
CDVA 0.90) 1.0) 0.90) 0.002
RMS = TOA 2.58+0.94 2.40+0.88 2.38+0.81 0.001b
(um)
FOLE s 1.62+0.57 1.50+0.59 1.46+0.57 <0.001b
(nm)
RMS ~ LOA 1.78+0.88 1.90+0.99 1.77+0.85 0.097v
(um)

CDVA: Corrected distance visual acuity, RMS: root mean square TOA: Total
ocular aberrations, HOA: High order aberrations LOA: Low order
aberrations, p<0.05 significant values are shown in bold a aFriedman’s
Test bRepeated measures ANOVA
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Table III: The CDVA and corneal aberration alterations of
the patients

A 6m- A12m- A12m-

Pre-op Pre-op 6m
CDVA DAL, =il 0.02+0.09 0.090 0.02+0.0 i
06 1 9 3

RMS - -
TOA 0.17+0. <0.00 0.002 0.02+0.4 0.66
1 0.20+0.47 9

(um) 30 1

RMS - -
HOA  0.110. <0i00 0152018 <0i00 0.04+0.2 0'36

(nm) 17 T 1

RMS - -
LOA 0.120. 0.094 0.008+0.4 0.909 0.12+0.5 0.14
33 4

(nm) 9- 7

CDVA: Corrected distance visual acuity, RMS: Root mean square TOA:
Total ocular aberrations, HOA: High order aberrations, LOA: Low order
aberrations, p<0.05 significant values are shown in bold Paired Samples t-
test

The analysis of CDVA alterations over time
revealed a significant increase at 6 months
(p<0.001) however, the CDVA alterations were
not significant between preoperative-12
months and 6-12 months (p=0.090, p=0.083,
respectively), (Table-III). The Pearson and
Spearmen correlation analyses between corneal
aberrometry alterations and CDVA revealed no

significant correlation at any time interval
(p>0.05, for all).

DISCUSSION

In this study, we detected lower corneal TOA
and HOA values at 6 and 12 months after A-TE
CXL compared to preoperative values.
Nevertheless, the LOA alterations were not
statistically significant. The CDVA values
increased significantly at postoperative-6
month examinations. However, we did not find
any significant correlation between CDVA and
corneal aberration alterations at any time
interval.

The monochromatic aberrations of the eye are
described in two groups; HOAs and LOAs!¢. The
LOAs are associated with spherical and
cylindrical refractive disorders and can be
reduced by glasses and soft contact lenses.
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However, the failure of these refractive
corrections in KCN patients was explained by
the increased HOAs'?. The normal value of total
HOAs in the healthy population is around
0.30pm, however, several studies detected
higher HOAs in KCN patients ranging between
0.71-10.94um121819 The mean of preoperative
HOAs was 1.62+0.57 pm in our study. Similarly,
due to myopic astigmatism caused by KCN, the
mean LOA value was also higher compared to
healthy individuals. Since the CXL procedure
aims to stop the progression of KCN rather than
treating the disease, it is reasonable that no
significant alterations occurred in terms of LOA
values.

Previous studies suggested that corneal
aberrations may alter due to the changes in the
corneal architecture after CXL treatment.
Momena et al reported that the HOA values
decreased significantly 6 months after A-TE CXL
(pulsed 45 mW/cm2, 5 minutes 20 seconds)?20.
Consistently, we also detected significant
reductions in both TOA and HOA values
compared to baseline 6 and 12 months after A-
TE CXL. Nonetheless, Caporossi et al reported
no significant change in terms of HOA after epi-
off CXL21. It was previously explained that a
better epithelial remodeling on the corneal
surface may occur after epi-on CXL
applications?2. Therefore, a smoother ocular
surface may contribute to the reduction of
corneal aberrations.

There are contradictory results regarding CDVA
alterations after CXL treatment.Bozkurt et al
reported increased CDVA after A-TE CXL, on the
other hand, few reports detected no significant
changes?3-25, In this study, there was a
significant increase in CDVA 6 months after the
procedure. However, although an increase was
observed after 12 months compared to the
initial examination, this difference was not
statistically significant. In the epi-on CXL
method, the epithelium is protected from
mechanical trauma, which also prevents
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complications such as corneal haze and
infiltrates in the postoperative period. Thus, a
cleaner optical surface may contribute to the
significant increase of CDVA after the CXL
procedure. Nevertheless, this effect would be
limited and CDVA improvement may stabilize in
the long term. Greenstein et al reported no
correlation between corneal HOA improvement
and visual acuity?6. We also detected no
correlation between CDVA and corneal
aberrations. It can be explained by two
hypotheses; firstly, KCN is an asymmetric
progressive disease, and CDVA alterations may
occur randomly. Even though HOAs were
reduced after CXL, the spectacles and soft
contact lenses may underperform due to high
astigmatism. The hybrid or scleral contact
lenses can achieve a more significant reduction
in HOAs, resulting in better CDVA values.
However, none of the patients included in this
study were using these lenses. Hence, we could
purely observe the effect of CXL on HOA
alterations. Secondly; CDVA examination is a
subjective method, which may influence the
results according to the manner of the patient
and observer. Besides, HOAs cause poor quality
of vision due to halo and glare effects?’.
Therefore, utilizing objective methods that can
evaluate both visual acuity and quality can be
suggested to better understand the relationship
between corneal aberrations and visual
performance.

This study had some limitations. We excluded
the patients with missing data due to the
retrospective design of the study. Therefore, the
sample size was small. Besides, comparing the
transepithelial procedure with epi-off protocol
applied controls would provide valuable data to
assess the role of corneal epithelium on
aberrations after the CXL procedure.

As a conclusion, we detected that TOA and HOA
values significantly decreased 6 and 12 months
after A-TE CXL procedure and CDVA was
significantly increased in the 6th-month

examinations. However, the aberration
alterations were not significantly correlated
with CDVA. Further studies that objectively
determine  corneal epithelial anatomic
alterations with different treatment protocols
and larger patient groups may help to better
understand the effect of corneal aberration
alterations on visual outcomes after the CXL
procedure.
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