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Purpose: To evaluate the efficacy of transepithelial corneal collagen crosslinking (TE-CXL)
in patients with progressive keratoconus.

Patients and methods: This is a prospective interventional consecutive study carried out
on 30 eyes of 18 patients with progressive keratoconus who underwent TE-CLX using both
ParaCel™ (riboflavin 0.25%, hydroxy propyl methyl cellulose, NaCl, ethylenediaminetetraacetic
acid [EDTA], Tris, and benzalkonium chloride) and vibeX-Xtra (riboflavin 0.22%, phosphate-
buffered saline solution). The procedure was carried out at Ebsar Eye Center in Egypt in the
period from 2012 to 2014. The follow-up visits were scheduled on days 1, 3, 6, and 12 months
after treatment.

Results: There were statistically significant improvements (£<<0.001) in the mean best-corrected
visual acuity (0.54£0.22 preoperatively vs 0.6110.19 at 12 months postoperatively), the mean
manifest refraction spherical equivalent (MRSE; —6.16+3.90 diopters [D] preoperatively
and —5.91£3.72 D at 12 months postoperatively), and the mean preoperative corneal astigmatism
(—3.3942.11 D preoperatively and —2.461+2.60 D at 12 months postoperatively).
Conclusion: TE-CXL could halt the progression of keratoconus in adult patients. TE-CXL
resulted in a statistically significant improvement in best-corrected visual acuity, manifest
refraction, refractive and corneal astigmatism and K values in keratoconus patients at the
12-month follow-up. Larger sample sizes and longer follow-ups are required in order to make
meaningful conclusions.

Keywords: corneal astigmatism, refractive astigmatism, transepithelial crosslinking, progres-
sive keratoconus

Introduction
Keratoconus is the most common cause of primary keratectasia, which usually occurs
bilaterally during puberty and progresses until the mid-age.'*?

Conventional treatment for keratoconus includes rigid contact lens, intracorneal ring
segments, and penetrating keratoplasty. In recent years, the objectives of treatment were
not only improvement of visual acuity but also preventing disease progression.’

Corneal collagen crosslinking (CXL) aided by photosensitized riboflavin helps
stabilize progressive keratoconus and may delay the need for keratoplasty.*

CXL is the only treatment option that focused on disease pathology and increasing
the biomechanical rigidity of the cornea.>®

Epithelial debridement was conventionally done before exposing the corneal
stroma to ultraviolet-A (UVA), which enhances the stromal penetration of photo-
activated riboflavin. Debriding the corneal epithelium increases the risk of infec-
tion, sub-epithelial haze, sterile corneal infiltrates, corneal scarring, and endothelial
damage.""1
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Transepithelial (TE) technique has been introduced to
combine the advantages of the conventional technique in
addition to maintaining a higher safety profile.!!!2

Our aim in this study is to evaluate the efficacy of TE-
CLX in the treatment of keratoconus patients after 12-month
follow-up.

Patients and methods

This is a prospective interventional consecutive study carried
out on 30 eyes of 18 patients with progressive keratoconus
who underwent TE-CLX. The procedure was carried out at
Ebsar eye center in Egypt in the period from 2012 to 2014.

Inclusion criteria: patients with progressive keratoconus
who have changes of =1.00 diopters (D) in the steepest
keratometry (K) measurement over 12 months, keratom-
etry between 47 and 55 D, and corneal thinnest point
(CTP) >400 pm.

Exclusion criteria: previous history of corneal surgery or
chemical injury and patients with CTP <400 pum.

All the patients had preoperative evaluation including
manifest best-corrected visual acuity (BCVA; decimal),
spherical equivalent, slit-lamp biomicroscopy, CTP, and cor-
neal topographic analysis (K max and K astigmatism) using
Scheimpflug corneal tomography (OCULUS Pentacam®;
OCULUS Inc., Berlin, Germany).

Preoperative written informed consent was obtained from
the patients. Written informed consent to publish the data of
this paper was also obtained from the patients. This research
has been approved by the Ebsar Eye Center Institutional
Review Board.

The procedure

The procedure was carried out under strict aseptic conditions,
through intact corneal epithelium. Benoxinate (0.04%) anes-
thetic drops were instilled twice, every 5 minutes. Sufficient
amount of ParaCel™ (riboflavin 0.25%, hydroxy propyl
methyl cellulose [HPMC], NaCl, ethylenediaminetetraacetic
acid [EDTA], Tris, and benzalkonium chloride [BAC]) was
applied to completely cover the cornea.

This procedure was repeated every 90 seconds for a total
of 4 minutes. The cornea was then rinsed with vibeX-Xtra
(riboflavin 0.22%, phosphate-buffered saline solution).

Sufficient vibeX-Xtra was applied to completely cover
the cornea. This procedure was repeated every 90 seconds
for a total of 5 minutes. Slit-lamp verification of the stromal
saturation was done before the UV A radiation.

The UV treatment was then initiated using Xlink system
(OptoXLink, Opto Global Pty Ltd, Adelaide, Australia) at
3 mW/cm? for 30 minutes. The size of the treatment beam

should be the largest possible but smaller than limbus
diameter to avoid destruction of corneal stem cells.

Under the UV treatment, vibeX-Xtra was applied every
5 minutes during irradiation until the end of the procedure.
The cornea then rinsed with balanced salt solution (BSS).

Postoperative care
Antibiotic eye drops (tobramycin 0.3%) and topical steroids
eye drops (fluorometholone 0.1%) were given 5 times daily for
2 weeks with tapering of corticosteroid eye drops over another
2 weeks. Artificial eye drops were given for 3 months.
Follow-up of the patient was scheduled for day 1 and
day 7 postoperatively and subsequently at 3, 6, and 12 months
postoperatively.
BCVA, spherical equivalent, corneal topography, and
CTP were documented at each follow-up visit.

Statistical analysis

Statistical analysis was performed to compare the postopera-
tive data with the preoperative data using the paired #-test
with IBM Statistical Package for the Social Sciences (SPSS)
Statistics v19.0 (IBM, Armonk, NY, USA). P<0.05 was
considered statistically significant.

Results
Thirty eyes of 18 patients with a mean age 0f 25.2+6.19 years,
ranged (17-38 years), were enrolled in this prospective
clinical study. The 30 eyes with progressive keratoconus
had TE-CXL treatment and were followed-up for
12 months.

Functional results after TE-CXL

The preoperative mean BCVA was 0.5410.227. At 3
months postoperatively the mean BCVA was 0.5410.21,
at 6 months postoperatively the mean BCVA was
0.60+0.20, and was 0.61£0.19 at 12 months postoperatively
(Figure 1).
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Figure | Mean best-corrected visual acuity (BCVA) in decimal pre- and post-
transepithelial corneal crosslinking in keratoconus patients.
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The mean BCVA improved significantly at 3, 6, and
12 months postoperatively (P<<0.05). At 12 months post-
operatively, the mean BCVA improved by one or more
Snellen lines in 63.33% (19 eyes), remained stable in 26.66%
(8 eyes), and 3 eyes (10%) lost 1 Snellen line.

Refractive changes after TE-CXL

The preoperative mean manifest refraction spherical
equivalent (MRSE) was —6.162£3.90. At 3 months post-
operatively, it was —5.85+£3.82. At 6 months postopera-
tively, it was —5.69£3.78. At 12 months postoperatively, it
was —5.91%3.72 (Figure 2).

There was statistically significant improvement in
the mean MRSE at 3, 6, and 12 months postoperatively
(P<0.05).

Preoperatively, the mean refractive astigmatism
was —3.0122.64. At 3 months postoperatively, it was —2.83+
2.72. At 6 months postoperatively, it was —2.27+2.35. At
12 months postoperatively, it was —2.4612.60 (Figure 3).

The mean preoperative refractive astigmatism was
statistically significant difference from postoperative visit
(P<0.05).

The mean refractive astigmatism improved by —1.00 D or
more in 5 eyes (16.66%), changed between —0.5 D and -1 D
in 19 eyes (63.33%) and remained stable in 6 eyes (20%).

Topography changes after TE-CXL

The preoperative mean K maximum was 49.81£3.79.
At 3 months postoperatively, it was 49.2243.65. At 6 months
postoperatively, it was 48.74+3.81. At 12 months postopera-
tively, it was 48.8613.94.

There was a significant decrease in the mean K maximum
value between preoperative and 12 months postoperative
follow-up (P<<0.05). There was also a significant decrease
in the mean K maximum at 3 and 6 months, respectively
(P<0.05).
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Figure 2 Mean MRSE in diopter (D) pre- and posttransepithelial corneal crosslinking
in keratoconus patients.
Abbreviation: MRSE, manifest refraction spherical equivalent.
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Figure 3 Mean refractive astigmatism in diopter (D) pre- and posttransepithelial
corneal crosslinking in keratoconus patients.

The mean K maximum value decreased by 1 D or more
in 23 eyes (76.66%), remained unchanged in 4 eyes (13.33%)
and increased by 1 D in 3 eyes (10%).

The preoperative mean K was 46.4213.08. At 3 months
postoperatively, it was 45.9243.02. At 6 months postopera-
tively, it was 45.943.09. At 12 months postoperatively, it
was 45.6813.19.

There was a significant decrease in the mean K value
at 12 months postoperatively (P<<0.05). The mean K value
decreased by 1 D in 19 eyes (63.33%) and remained
unchanged in 7 eyes (23.33%) and it increased by 1 D in
4 eyes (13.33%).

The preoperative mean corneal astigmatism was
3.39+2.11. At 3 months postoperatively, it was 3.25+2.18.
At 6 months postoperatively, it was 2.80£1.67. At 12 months
postoperatively, it was 3.003+£1.93.

Changes in the mean corneal astigmatism at 3 months
postoperatively were statistically insignificant (P>0.05).
However, the changes in the mean corneal astigmatism at
6 and 12 months postoperatively were statistically significant
(P<0.05; Figure 4).

The preoperative mean corneal thickness at thinnest
local was 473.161+43.69. At 1 month postoperatively, it
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Figure 4 Mean corneal astigmatism in diopter (D) pre- and posttransepithelial

corneal crosslinking in keratoconus patients.
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was 443.06+45.24. At 3 months postoperatively, it was
458.24+46.83. At 12 months postoperatively, it was
457.67+40.10.

The mean CTP at 3, 6, and 12 months postoperatively
was statistically significant changed (P<0.05). After
TE-CXL, CTP thins and then recovered toward the preop-
erative thickness.

Discussion

CXL is one of the most recent treatments that halts the
progression of keratoconus. It strengthens the cornea by
covalently crosslinking the collagen fibers and increases
rigidity by 300%."

The epithelial-off procedure is effective in increasing
corneal stiffness,® stabilization of keratoconus, and in some
cases in improving the refractive and topographic features, '3
but may lead to serious complications, such as infection,'®!”
stromal haze,'® and corneal melting."

Epithelium-on or TE-CXL, which keeps the epithelial
intact, has been introduced by Boxer et al.?’

Several approaches have been introduced to improve the
efficacy of penetration of riboflavin through the epithelium,
which is impermeable to riboflavin because of its high
molecular weight (>100 Da).?!

The replacement of the isotonic by hypotonic riboflavin
solution has been introduced to increase the penetration of
riboflavin through the intact epithelium.? Other approaches
such as BAC,? trometamol, EDTA,* tetracaine,? ethanol,?
partial grid-like pattern de-epithelialization,*® and excimer
laser superficial epithelial removal?’ were applied.

This is a prospective interventional consecutive study
carried out on 30 eyes of 18 patients with a mean age of
25.246.19 years, ranged from 17 to 38 years.

The included eyes had progressive keratoconus and
underwent TE-CXL treatment using combination of
ParaCel™ (riboflavin 0.25%, HPMC, NaCl, EDTA, Tris, and
BAC) and vibeX-Xtra (riboflavin 0.22%, phosphate-buffered
saline solution). Follow-up at 12 months postoperatively
was recorded.

There was a significant improvement of more than one
line of mean BCVA at 12 months postoperatively.

Nineteen eyes (63.33%) gained one or more Snellen lines
of BCVA, 8 eyes remained stable (26.66%), and only 3 eyes
(10%) lost 1 line of BCVA postoperatively.

Caporossi et al®® reported no statistically significant
increase in uncorrected distance visual acuity (UDVA) and
BCVA in the first 3 months in cases of keratoconus that were
treated with TE-CXL, while Stojanovic et al'' reported no
cases with a loss of =2 lines of BCVA.

Koppen et al* reported a statistically significant improve-
ment in BCVA at 6 and 12 months in the TE-CLX group.
Bernardo et al*® showed significant increase in BCVA in
36 eyes with progressive keratoconus that were treated with
TE-CLX after 6 months of follow-up.

In our study, there was a statistically significant improve-
ment in the MRSE at 12 months postoperatively.

In our study, the mean refractive astigmatism improved
by 1.00 D or more in 5 eyes (16.66%), changed between —0.5
and —1 D in 19 eyes (63.33%), and remained stable in
6 eyes (20%).

Our result is similar to the study by Koppen et al®’ that
recorded significant improvement in the mean refractive
astigmatism in the TE-CLX group.

The mean K maximum value decreased by 1 D or more in
23 eyes (76.66%), remained unchanged in 4 eyes (13.33%),
and increased by 1 D in 3 eyes (10%).

Stojanovic et al'' reported significant decrease in the K
maximum without changes in the mean K, while Soeters
et al’! reported increase of K maximum more than 1 D after
1 year (range 1.3-5.4 D) in 23% of TE group.

Changes in the CTP at 3, 6, and 12 months postoperatively
were statistically significant reduced, but they recovered
toward the preoperative values in our study (P<<0.05).

Bernardo et al* did not report statistically significant
changes in the mean corneal thickness at the thinnest point,
while another study reported statistically significant reduction
of corneal thickness at the thinnest point.*

Previous studies evaluated the anterior chamber depth
and anterior chamber value in cases of keratoconus that
were treated with CXL. They reported no statistically sig-
nificant changes in the postoperative value as compared
preoperatively.32

There were no complications recorded in our study.
Analysis of the results of our study showed that TE-CLX
could halt the progression of keratoconus in adult patients.

The main drawbacks of our study are lack of control group
and the need of longer follow-up of patients.

Conclusion

TE-CXL could halt the progression of keratoconus in
adult patients. TE-CXL resulted in a statistically significant
improvement in BCVA, manifest refraction, refractive and
corneal astigmatism, and K values in keratoconus patients
at the 12-month follow-up. Larger sample sizes and longer
follow-ups are required to make meaningful conclusions.
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