Med. J. Cairo Univ., Vol. 89, No. 4, September: 1367-1371, 2021

www.medicaljour nal ofcair ouniver sity.net

Changesin Ocular Higher-Order Aberrations after Cor neal
Collagen Cross-Linking for Keratoconus

AHMED M. MOHARAM, M.Sc.; MOHAMED M. KHATER, M.D.;
HISHAM A. SAAD, M.D., F.R.C.S. (GLASG.) and KHALED A. NAGY, M.D.

The Department of Ophthalmology, Faculty of Medicine, Tanta University, Tanta, Egypt

Abstract

Background: Keratoconusis a progressive, bilateral, and
asymmetric non-inflammatory corneal ectasia. Corneal Col-
lagen Cross-Linking (CXL) isthe only treatment option that
focused on disease pathology and increasing the biomechanical
rigidity of the cornea. HOASs are part of the refractive errors
which deteriorate the quality of the retinal image and they
are not correctable with sphere and cylinder corrections. Since
HOASs can impact visual performance and contrast sensitivity;
they are considered important indices in the field of quality
of vision.

Aimof Sudy: To determine changesin ocular higher order
aberrations (HOAS) after Corneal Collagen Cross Linking
(CXL) for Keratoconus (KC).

Patients and Methods: This study was conducted between
April 2018 and March 2019 comprising 30 keratoconic eyes
of 19 patients. Patients were treated with epithelium-off CXL
and evaluated at the baseline, 3 and 6 months after the proce-
dure. The ocular HOAs were measured and analyzed using
Zywave |l Aberrometer.

Results: There was statistically significant improvement
in Best Spectacle-Corrected Visual Acuity between the pre-
operative and 6-month evaluations (p<0.05). HOAs at 6mm
were statistically significantly reduced at 6 months.

Conclusion: CXL is effective in improving HOA param-
etersin eyes with KC. changesin HOAs at 6mm were signif-
icantly and strongly associated with the post-operative changes
in BSCVA.
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Introduction

KERATOCONUS isaprogressive, bilateral, and
asymmetric non-inflammatory corneal ectasia [1],
leading to irregular astigmatism, progressive my-
opia, and increased Higher-Order Aberrations
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(HOAS), with consequent impaired visual function
(4.

The disease traditionally manifestsin the 2nd
decade of life when the cornea presents an increas-
ingly conical shape, secondary to its biomechanical
instability, which leads to irregular astigmatism
and subsequent reduced visual acuity [1-3].

Conventional treatment for keratoconus includes
rigid contact lens, intracorneal ring segments, and
penetrating keratoplasty. In recent years, the ob-
jectives of treatment were not only improvement
of visual acuity but also preventing disease pro-
gression [5].

Corneal Collagen Crosslinking (CXL) aided
by photosensitized riboflavin helps stabilize pro-
gressive keratoconus and may delay the need for
keratoplasty [6].

CXL isthe only treatment option that focused
on disease pathology and increasing the biome-
chanical rigidity of the cornea [7,9].

Higher-Order Aberrations (HOAS), one of the
important subjects in the science of vision and
optics, received very little attention before 2000.
However, advances in diagnostic and therapeutic
methods in recent years have brought them to the
attention of ophthalmologists and optometrists
[9,10] .

Aswe know, HOAs are part of the refractive
errors which are not correctable with sphere and
cylinder corrections. They are also among errors
of the optical system of the eye which can deteri-
orate the quality of the retinal image [11,12] . Since
HOA s can impact visual performance and contrast
sensitivity; they are considered important indices
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inthefield of quality of vision and deserve attention
[13-15].
Aim of the work:

The aim of the work is to determine changes
in ocular Higher Order Aberrations (HOAS) after
Corneal Collagen Cross Linking (CXL) for Kera-
toconus (KC).

Patients and M ethods

Sudy design:

This study was a prospective interventional
study. It was conducted between April 2018 and
March 2019 comprising 30 eyes with keratoconus
in Tanta University Hospitals. This study was
performed in ethical considerations under the prin-
ciples of the Helsinki Declaration and informed
consent was obtained from all patients. The Ethics
Committee of the Faculty of Medicinein Tanta
University, Egypt, approved this study.

Study population:

Thirty eyes of 19 patients aged 18-32 years
with progressive KC were enrolled in the study.

Inclusion criteria:

 Patients with confirmed keratoconus based on
clinical and topography findings.

* Clear corneas.

» Minimal corneal thickness 400 g— =

Exclusion criteria:

* Patients with corneal opacities or scars.
* History of herpetic keratitis.

* Severedry eye.

* Patients with previous ocular surgeries.
* Pregnancy and lactation.

Pre-operative evaluation:

* Visua acuity examination.

* Manifest Refraction Spherical Equivalent
(MRSE).

« Slit lamp examination.
* Dilated fundus exam.

* Corneal topography using Orbscan 11Z and wave-
front aberrometry using Zywave 1.

Crosslinking procedure:

The original cross-linking procedure (commonly
referred to as the 'Dresden protocol') involves
anesthetizing the eye, removing the central 8-

10mm of the epithelium and applying ariboflavin
ophthalmic solution 0.1 % to the corneal surface
30 minutes before irradiation and at 5 minutes
intervals during the course of a 30 minute exposure
to 370nm UV A with an irradiance of 3mWcm-2.

After cross linking, antibiotic eye drops "moxi-
floxacin ophthalmic solution 0.5%" were applied
four times daily for 1 week. Application of topical
steroid " prednisolone acetate 1% ophthal mic sus-
pension” four times daily for 1 week then tapered
over 3weeks. A therapeutic soft contact lens with
good oxygen transmissibility placed upon the eye.

Post-operative evaluation:

All patients had comprehensive ophthalmic
evaluation after three months and six monthsin-
cluding:

* Visual acuity examination.

* Manifest Spherical Equivaent (MSE).
« Slit lamp examination.

* Dilated fundus exam.

» Corneal topography using Orbscan I1Z and wave-
front aberrometry using Zywave 1.

Satistical analysis:

The collected data were organized, tabulated
and statistically analyzed using SPSS version 19
(Statistical Package for Social Studies) created by
IBM, Illinois, Chicago, USA. For numerical values
the range mean and standard deviations were cal-
culated. The differences between two mean values
were used using student's (t) test. For numerical
data when the normal distribution was not guaran-
teed, Mann-Whitney test (Z) was used to compare
difference in mean values instead of (t) test. For
categorical variable the number and percentage
were calculated and differences between subcate-
gories were tested by Monte Carlo exact test. The
correlation between two variables was calculated
using Pearson's correlation coefficient. The level
of significant was adopted at p<0.05.

Results

A total of 30 eyesof 19 patients with progressive
KC were enrolled in this study. No patients were
lost to follow-up, and all patients completed the
examination sessions. The mean age of the study
population was 25.5+5.84 years.

Visual acuity changes:

There was a statistically significant decrease
in BSCVA inlog MAR readings from the pre-
operative values (p<0.05) as shownin (Table 1).
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Table (1): Comparison between BSCVA Log MAR pre-
operative and 6 months post-operative.

Log MAR significance )
Groups Mann- value

whitn:
Range Median U—testey

0.00-0.6 0.3 Z score 0.01*
0.1-1.00 0.2 2.3

* Pre-operative (n=30)
* Post-operative 6
months (n=30)

*P<0.05 (statistically significant).

Higher order aberrations:

HOAs were reported for a6mm diameter. Pre-
operatively, the total HOAs was (range 0.35-1.56,
median 0.58). At 3 months, it had reduced to (range
0.26-1.49, median 0.51). At 6 monthsit had signif-
icantly reduced to (range 0.19-1.38, median 0.39).

Table (2): Comparison between 6mm higher order aberrations
pre-operative and 3 months post-operative.

6mm higher _ Testof
G order aberrations sg’(]/:flcance .
roups ann- value
+SD Range whitney
Mean £ lo] U-test
* Pre-operative (n=30) 0.8+0.38 0.35-1.56 Z score 0.05*
) 1.61614
* Post-operative 3 0.7£0.39 0.26-1.49

months (n=30)

*p>0.05 (statistically insignificant).

Table (3): Comparison between 6 mm higher order aberrations
pre-operative and 6 months post-operative.

6mm higher ~ Test of
G order aberrations S'g’:l/:flcance _
roups Whir:;y i
+
Mean £SD  Range e

* Pre-operative (n=30) 0.8+038 035156 Zscore 0.004*

. 2.63
* Post-operative 6

months (n=30)

0.55+0.32 0.19-1.38

*Pp<0.05 (stetistically significant).

Changesin HOAs at 6mm
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Fig. (2)
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Discussion

The principa aim of this study was to determine
changesin HOAs after 3 months and 6 months of
corneal collagen cross linking using Epi off Dresden
protocol to treat keratoconus.

In keratoconic eyes, VA was used clinically for
assessing the impact of HOAS. Increased levels of
HOAs introduced by KC lead to reduced VA.
Conversely, correcting HOAs by CXL can improve
visual acuity [16].

The present study revealed that there was a
statistically significant improvement in the BSCVA
post-operatively. The median of pre-operative
BSCVA inlogMAR was (0.3). Post-operative me-
dian of BSCVA at 6 monthswas (0.2). Changesin
BSCVA after 6 months post-operative were statis-
tically significant (p<0.05).

Improvement of visual acuity has been men-
tioned in other CXL studies as well. Derakhshan
[17] has published his results show significant im-
provement in UCVA and BCVA, and reduction in
SE and keratometric readings. Visual improvement
in most patients began after the first month, slightly
increased by the third month, and remained stable
until 6 months. Similarly, Vinciguerra [18] found
that in patients with KC, mean best-corrected vision
(log MAR) improved from 0.28 to 0.14 at 12
months post-operatively.

In the present study, 6mm HOA s was statisti-
cally significantly reduced at 6 months. HOAs
were reported for a6mm diameter; pre-operatively,
the total HOAs was (range 0.35-1.56, median 0.58).
At 6 months post-operative it had significantly
reduced to (range 0.19-1.38, median 0.39).

Mohammad Naderan stated that CXL is effec-
tivein improving HOA parametersin eyes with
progressive KC. There were significant correlations
between pre-operative measurements of HOAS
parameters with best-corrected visual acuity [19].

Factors affecting the improvement in the visual
acuity after corneal collagen crosslinking are not
clear. We can prove that reducing higher order
aberrations after corneal collagen crosslinking is
correlated with visual acuity improvement.

Conclusion:

There were statistically significant decreases
in total HOAs at 6mm readings from the pre-
operative values.These changes were correlated
with changesin "BSCVA logMAR" and there were
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correlations indicating their effect on best spectacle
corrected visual acuity.

Improvement in BSCV A was demonstrated
throughout our study by statically significant de-
creasein BSCVA logMAR.

Conclusion:

The findings of our study reinforce what was
previously known about improvements in HOA
using the Zywave Aberrometer.

In keratoconic eyes, improvement in HOA
profile can be considered as a mechanism to im-
prove visual acuity.

Recommendation:

Further studies with larger samples and longer
follow-up period are recommended to confirm the
presented study.
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