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Abstract
Purpose: To evaluate the efficacy of trans-epithelial cross-linking (TE-CXL) and to compare the visual
and topographic outcomes of TE-CXL versus epithelium-off cross-linking (CXL) in adult keratoconus
(KC).
Design: A prospective non-randomized open case series.
Methods: The study enrolled 27 KC eyes of 15 patients treated by TE-CXL (group I) and 35 KC eyes of 20
patients treated by epithelial-off CXL (group II). In group I, riboflavin 0.1% solution in 15% Dextran T500
with sodium EDTA 0.01% and trometamol (Ricrolin TE) was used with intact corneal epithelium. In group
II, the epithelium was removed. Then, riboflavin 0.1% solution (10 mg of riboflavin 5-phosphate in a 20%
dextran T-500 10-mL solution (Ricrolin) was applied. Ultraviolet, A irradiation, was occurred using UVA
system (CBM X-linker, at 3 mW/cm2). Preoperative and postoperative assessment included uncorrected
visual acuity (UCVA), best-corrected visual acuity (BCVA), corneal astigmatism, maximum keratometry (K
max), central corneal thickness (CCT), thinnest corneal thickness, and spherical aberration using Wavelight
oculyzer –pentacam HR. All included patients had at least one-year follow-up.
Results: In both groups, there was a significant improvement in visual and topographic outcomes at 6
months postoperative. Furthermore, in theTE-CXL group; the vision and keratometric readings gradually
deteriorated at the end of one year follow-up. Comparison of postoperative changes at 12 months between
two groups demonstrated the epithelial-off CXL group had statistically better results concerning UCVA,
BCVA, corneal astigmatism, and K max (p=0.03, 0.002, 0.001, and <0.001 respectively).
Conclusions: Functional and clinical regression in TE-CXL group to the preoperative status after an
initial improvement could conclude that TE-CXL cannot stabilize KC for a long term. Conventional CXL is
superior on TE-CXL in KC stability after 12 months of follow-up.
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Introduction

erative pain and risk of infection [4]. Riboflavin cannot easily
Corneal collagen cross-linking (CXL) has been known as a pass through tight junctions of the intact epithelium as it is a
promising treatment for keratoconus (KC) and other ectasias. hydrophilic solution [5]. Epithelial permeability can be increased
According to standard CXL protocol, epithelium should be by topical drugs, such as ethylenediamine tetra-acetic acid
removed before irradiation to allow good penetration of ribo- (EDTA) and benzalkonium chloride [6,7]. In order to evaluate
flavin into the corneal stroma [1,2]. However, de-epithelization the efficacy of trans-epithelial cross-linking (TE-CXL) and to
may increase the risks rate as corneal infections, scarring, compare the visual and topographic outcomes of TE-CXL versus
infiltrates and haze [3] Epithelial-on CXL (trans-epithelial) is epithelium-off CXL in adult KC at the end of one year followa modified procedure recently introduced to reduce postop- up, this study was designed using a modified photosensitizer
© 2016 Amani E. Badawi; licensee Herbert Publications Ltd. This is an Open Access article distributed under the terms of Creative Commons Attribution License
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0.1% riboflavin–15% dextran solution supplemented with saturation. At the end of the procedure, the eye was washed
Tris-hydroxymethylaminomethane and sodium ethylenedi- well with balanced salt solution.
aminetetraacetic acid versus the standard riboflavin solution.
In Group II, the epithelium was mechanically removed with
surgical Beaver blade within the central 8 mm diameter. Then,
Materials and methods
riboflavin 0.1% solution (10 mg of riboflavin 5-phosphate in
This is a prospective non-randomized open study of patients a 20% dextran T-500 10-mL solution (Ricrolin®, Sooft, Montediagnosed as progressive KC during the period from Febru- giorgio, Italy) was applied to the cornea every 3 minutes for
ary 2013 to March 2014. Progression was documented as an 30 minutes to achieve adequate penetration of the solution.
increase in K max of 1.00 diopter or more in the last 6 months Ultraviolet- A irradiation was applied by the same protocol
with reported worsening of visual acuity of more than one for CXL as in group I. Contact lens was prescribed to Group II
Snellen line over previous 3-6 months. The inclusion criteria and then removed after complete epithelial healing.
were stages I –III KC, according to the Krumeich classification,
with a completely clear cornea. All patients included in the Postoperative care
study were of age greater than 18 years. Thinnest corneal Patients received moxifloxacin hydrochloride 0.5% (Vigamox®;
thickness was ≥370 μm. Based on the thinnest pachymetry Alcon Inc., Texas, USA) and nepafenac 0.1% ophthalmic susvalues, the conducted patients were divided into two groups. pension (Nevanac®; Alcon Inc., Texas, USA) 4 times daily for
Group I (370-400μm)-whom the standard CXL cannot be one week. Then, topical steroid-antibiotic drops (Tobradex®;
applied-was subjected to TE- CXL and group II (more than Alcon Inc., Texas, USA) 4 times daily for a week which tapered
400) was treated with standard CXL.
over the next 3 weeks to zero; and , Carboxymethylcellulose
Exclusion criteria were any previous ocular surgery, corneal Sodium (CMC) (0.5%) eye lubricant (Refresh Tears®; Allergan,
opacities, history of herpetic keratitis or active ocular infection, Inc.,California, USA.) 6 times daily for one month.
pregnancy, lactation, and severe dry eye.
Follow-up was done after one day then after one week for
All applicable institutional and governmental regulations prescription of steroid-antibiotic drops and one month for
concerning the ethical use of human participants were fol- assessment of corneal haze. Uncorrected visual acuity (UCVA),
lowed during this study according to the principles of the BCVA, corneal astigmatism, K max, central corneal thickness
Declaration of Helsinki, and the local ethics committee of (CCT), thinnest corneal thickness, and spherical aberration
Mansoura University approved the study IRB: 16.08.20. All were recorded at 6, 12 months in both groups.
patients signed an informed consent form.

Preoperative evaluation

All patients in both groups underwent a complete ophthalmologic examination, including uncorrected visual acuity (UCVA),
best-corrected visual acuity (BCVA) assessment, slit lamp
biomicroscopy, fundus examination using indirect ophthalmoscopy and non- contact Volk 90 lens, corneal astigmatism,
and corneal tomography with measured pachymetry by (Wavelight oculyzer –pentacam HR; WaveLight GmbH, Germany).

Surgical technique

The procedure was conducted under sterile conditions in the
operating room of Al Hayah Hospital for Eye Surgery&LASIK
at Mansoura-Egypt. In Group I, corneal epithelium was left
intact. Riboflavin 0.1% solution in 15% Dextran T500 with
sodium EDTA 0.01% and trometamol (Ricrolin TE®, Sooft,
Montegiorgio, Italy) was instilled as two drops every 5 minutes
for 30 minutes till complete saturation of the stroma. Before
UV radiation, topical anesthetic eye drop was applied to the
cornea with benoxinate hydrochloride 0.4% (Benox 4%; Eipico
Inc., Cairo, Egypt) every 5 minutes for 20 minutes. Ultraviolet,
A irradiation, was occurred using a commercially available UVA
system (CBM X-linker, CSO, Florence, Italy). Before treatment,
the intended 3 mW/cm2 surface irradiance (5.4 J/cm2 surface
dosages after 30 minutes) was calibrated. During treatment,
riboflavin solution was applied every 2 minutes to ensure

Data analysis

Snellen’s visual acuity was changed into logarithm of the
Minimum Angle of Resolution (logMAR) as recommended
by Holladay [8] for further statistical analysis. The raw data
was collected on excel sheets and imported to the Statistical
Package for Social Sciences (SPSS Inc., Chicago, IL, version
15.0) to get the mean and standard deviation. Paired t-test
was used to compare preoperative and postoperative data.
The difference between the values of the two groups at baseline and postoperative was assessed using unpaired two
sample Student t-test. The significance level was set at P<0.05.

Results

Group I included 27 eyes of 15 patients; 12 patients (bilateral
eyes) and 3 patients (unilateral eyes). The mean age of patients
was 22.21±2.75 years (range 18 to 25 years). Ten patients
(66.67%) were females and 5 (33.33%) were males. Group
II included 35 eyes of 20 patients; the mean age of patients
was 23.45±2.13 years (range 19 to 27 years). Twenty patients
(60%) were females and 8 (40%) were males. Group I showed
a statistically significant improvement from the preoperative
values (P<0.001). The mean baseline UCVA was 0.82±0.04
which improved to 0.48±0.20 at 6 months and changed
(worsened) to 0.68±0.03 at one year with (P<0.001). In group
II the same improvement was recorded. The mean baseline
UCVA changed from 0.80±0.04 to 0.46±0.20, 0.45±0.03 at 6
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months and 12 months respectively.
The preoperative mean BCVA in group I was 0.57±0.03 and
changed to 0.38±0.02 at 6 months and 0.48±0.02 at one year.
In spite, there was a statistically significant (P<0.001) improvement in BCVA between the preoperative and 6, 12 months;
the mean BCVA worsened from 6 months to 12 months. The
improvement was starting from the first month to the sixth
month postoperatively and then declined from 6 to 12 months.
Seven eyes (25.93%) gained one or two lines in BCVA, eleven
eyes (40.74%) maintained the preoperative BCVA; and nine
eyes (33.33%) lost one or two lines of the preoperative BCVA.
While in group II the BCVA improvement continued until
the end of follow- up period. It improved from 0.47±0.03 to
0.32±0.02 at 6 months and to 0.30±0.02 at one year. Figure 1
shows the changes in BCVA through one year in both groups.
The median baseline anterior K max value in group I was
48.34±0.45 D and improved significantly to 46.18±0.45 (P<0.001)
at 6 months then, unfortunately, changed to 47.98±0.32 (P>0.001)
at one year with no significant differences from preoperative
values. Progression of corneal steepening was observed in 10
eyes (37.04%) of the treated eyes, 8 eyes (29.62%) maintained
the preoperative value and only 5 eyes (18.51%) showed improvement. Contrary in group II, no disease progression was
reported during the follow-up period. The mean anterior K
max significantly changed from 48.14±0.45 D preoperatively
to 45.4±0.32 D at 12 months (P<0.001). Figure 2 shows the
changes in K max through one year in both groups.
The mean corneal astigmatism values showed statistically
significant changes in both groups. In the TE-CXL group, its
values at 6 month and 1-year post treatment were statistically
significant (mean 3.89±0.31 D and 4.68±0.25 D respectively)
less than the preoperative values (mean 5.02±0.25 D). Similarly,
in standard CXL group, it significantly changed from 4.01±0.25
D to 3.21±0.25 D at one year. There was no statistically significant correlation between corneal astigmatism and visual

Figure 1. Comparison between the preoperative and
postoperative mean BCVA among studied groups.
CXL: Cross-linking; TE-CXL: Trans-epithelial cross-linking;
BCVA: Best corrected visual acuity.
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Figure 2. Comparison between the preoperative and
postoperative mean anterior K max among studied groups.
CXL: Cross-linking; TE-CXL: Trans-epithelial cross-linking;
D: Diopter; K max: Maximum keratometric value.

outcomes in both groups. In group I, the mean baseline CCT
was 419.91±6.66 μm. At 6 months and 12 months, the values
reduced to 405.1±5.02 μm and 401.24±5.31 μm respectively.
There was a statistically significant difference between the
baseline and 12 months (P<0.001) after the procedure.Similarly,
the mean thinnest location was 389.91±6.66 μm at baseline,
374.1±5.02 μm at 6 months and the end of 12 months it was
370.24±5.31 μm. Mean aberration coefficient (spherical aberration) reduced from 1.07±0.23 preoperatively to 0.72±0.20
at 6 months and changed to 0.97±0.23 at 12 months postoperatively with (P>0.001). On the other hand, the epithelial-off
group showed different results. The mean preoperative CCT was
463.44±6.19 μm which changed to 447.68±5.38 at 6 months
and to 444.25±5.19 at 12 months. There was a statistically
significant difference between the baseline and 12 months
(P<0.001) after the procedure. The mean thinnest location
was 439.91±6.66 μm at baseline, and reduced to 425.1±5.02
um at 6 months and the end of 12 months it was 420.24±5.31
um. Mean aberration coefficient (spherical aberration) in this
group showed improvement from 0.84±0.23 preoperatively to
0.62±0.22 at 6 months and changed to 0.63±0.23 at 12 months
postoperatively with (P<0.001). No major complications were
noted in this series, except for postoperative mild corneal
haze with little impact on BCVA. The study results showed
stabilization and improvement in adult KC in terms of VA and
corneal K max after TE-CXL for a short period only and the
vision and keratometric readings gradually worsened at the
end of one year follow up with a negligible difference from
preoperative values. For more detailed data, (Tables 1 and 2)
show the mean baseline and postoperative at 6 &12 months
of the studied parameters (UCVA, BCVA corneal astigmatism, K
max, pachymetry and spherical aberration) with the statistical
significance of the changes (P values) in group I&II respectively.
The postoperative visual and the topographic changes
were evaluated and differences between the two groups were
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Table 1. The mean preoperative and postoperative parameters and its P values in group I (TE-CXL).
6 m Mean±SD
Min-max
0.48±0.20 (0-0.8)

P1-Value 12 m Mean±SD
Min-max
<0.001* 0.68±0.03 (0.2-1.00)

P2-value

UCVA

Baseline Mean±SD
Min-max
0.82±0.04 (0.4-1.00)

BCVA

0.57±0.03 (0-0.8)

0.38±0.02 (0-0.5)

<0.001*

0.48±0.02 (0-0.6)

<0.001*

Corneal Astigmatism
K max (D)
CCT
Thinnest location
spherical aberration

5.02±0.25 (2.3-6.3)
48.34±0.45 (43.5-58.35)
419.91±6.66 (384-435)
389.91±6.66 (375-398)
1.07±0.23 (0.98-1.2)

3.89±0.31 (1.4-5.2)
46.18±0.45 (41.6-56.15)
405.1±5.02 (368-410)
374.1±5.02 (354-376)
0.72±0.20 (0.6-1.01)

<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

4.68±0.25 (2.4-5.94)
47.98±0.32 (42.6-57.14)
401.24±5.31 (366-415)
370.24±5.31 (351-372)
0.97±0.23 (0.8-1.06)

<0.001*
>0.001
<0.001*
<0.001*
>0.001

Studied parameters

<0.001*

Test used: Paired -t-test
“*” Statistically significant differences when p<0.05.
P1: difference between preoperative and after 6month; P2: difference between preoperative and 12 month.
CXL: Cross-linking; TE-CXL: Trans-epithelial cross-linking; D: Diopter ;SD: Standard deviation; UCVA: Uncorrected
visual acuity; BCVA: Best corrected visual acuity; CCT: Central corneal thickness; K max: Maximum keratometric value.
Table 2. The mean preoperative and postoperative parameters and its P values in group II(epithelium-off CXL).

UCVA

Baseline Mean±SD
Min-max
0.80±0.04 (0.5-1.00)

6 m Mean±SD
Min-max
0.46 ±0.20 (0-0.7)

P1-Value 12 m Mean±SD
Min-max
<0.001* 0.45±0.03 (0-0.5)

<0.001*

BCVA

0.47±0.03 (0-0.7)

0.32±0.02 (0-0.3)

<0.001*

0.30±0.02 (0-0.5)

<0.001*

Corneal Astigmatism
K max (D)
CCT
Thinnest location

4.01±0.25 (1.3-5.2)
48.14±0.45 (43-57.5)
463.44±6.19 (440-470)
439.91±6.66 (419-457)

3.22±0.31 (0.8-4.4)
45.6±0.45 (41.6-54.2)
447.68±5.38 (423-454)
425.1±5.02 (401-436)

<0.001*
<0.001*
<0.001*
<0.001*

3.21±0.25 (0.8-4.2)
45.4±0.32 (41.6-55.4)
444.25±5.19 (422-455)
420.24±5.31 (398-437)

<0.001*
<0.001*
<0.001*
<0.001*

spherical aberration

0.84 ±0.23 (1.02-0.72)

0.62±0.22 (0.95-0.057) <0.001*

0.63±0.23 (0.94-0.58)

<0.001*

Studied parameters

P2-value

Test used: Paired -t-test
“*” Statistically significant differences when p<0.05.
P1: difference between preoperative and after 6month.
P2: difference between preoperative and 12 month.
CXL: Cross-linking; TE-CXL: Trans-epithelial cross-linking; D: Diopter; SD: Standard deviation; UCVA: Uncorrected
visual acuity; BCVA: Best corrected visual acuity; CCT: Central corneal thickness; K max: Maximum keratometric value.

calculated. Table 3 shows the comparison of postoperative
changes at 6, 12 months between two groups. No statistically
significant differences were observed between two groups of
postoperative changes at 6 months. While, the epithelial-off
CXL group showed statistically better results of postoperative changes at 12 months concerning UCVA, BCVA, corneal
astigmatism, and K max (p=0.03, 0.002, 0.001, and <0.001
respectively) Table 3.

Clinically, there was a prominent improvement in the visual
acuity in the current study in both groups. But this improvement was transient and fugacious in group I, making it difficult to formulate the efficacy of TE-CXL in disease stability.
The same occurred in the other studied parameters which
showed a marked improvement during the first six months
but quickly deteriorated to reach close to the values before
the operation. On the contrary, the improvement and disease
stabilization continued for the end of the period of followDiscussion
up in the second group (epithelial –off CXL). Caporossi et al.,
Trans-epithelial CXL, a modified technique of standard CXL, was reported convergent results in their study of trans-epithelial
introduced with the purpose to reduce the associated com- CXL included 26 eyes. They observed a temporary increase in
plications of corneal epithelial removal in traditional method both UCVA and BCVA within the first 3 months only. The final
[4,9,10]. Moreover, the procedure becomes more comfortable, results were disappointing with progressive reduction and
less time consuming and more suitable for thin corneas [11]. gradual return to preoperative values [12]. The topographic
Many studies were published with inconsistent results about analysis in group I showed an initial statistically significant
the TE-CXL outcomes. Here the study reported a short-term decrease in anterior K max within the first 6 months after the
clinical experience with TE-CXL in treating progressive KC procedures then the collected data showed a worsening at
compared to the standard CXL results.
the end of one year. Figure 3 shows an example of anterior K
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Table 3. Comparison of post- CXL parameters between the two groups (TE-CXL andepithelium-off CXL).
Studied parameters

6 months
Group I

Group II

12 months
P-value Group I

Group II

P-value

UCVA

0.34±0.02

0.34±0.04

0.98

0.14±0.04

0.35±0.03

0.03*

BCVA

0.19±0.03

0.15±0.04

0.48

0.09±0.03

0.17±0.03

0.002*

Corneal Astigmatism

0.34±0.25

0.79±0.31

0.34

0.13±0.31

0.8±0.25

0.001*

K max (D)

2.16±0.45

2.54±0.45

0.63

0.36±0.32

2.74±0.32

<0.001*

CCT

14.81±5.02

15.76±5.38

0.06

18.67±5.31

19.19±5.19

0.12

Thinnest location

15.81±5.02

14.81±5.02

0.64

19.67±5.31

19.67±5.33

0.97

spherical aberration

0.35±0.20

0.22±0.22

0.53

0.1±0.23

0.21±0.23

0.71

Test used: Two sample t-tests
“*” Statistically significant differences when p<0.05.
P1: difference between preoperative and after 6month.
P2: difference between preoperative and 12 month.
CXL: Cross-linking; TE-CXL: Trans-epithelial cross-linking; D: Diopter ; SD: Standard deviation;
UCVA: Uncorrected visual acuity; BCVA: Best corrected visual acuity; CCT: Central corneal
thickness; K max: maximum keratometric value.

max changes after TE-CXL.
Changes in the pachymetry showed a statistically significant
progressive thinning at 12 months in both groups with significant
improvement of other topographic indices in epithelial –off
group only. This significant reduction in corneal thickness
should be put in mind respecting to the changes of other
reported clinical results in the TE-CXL group. The study patients
were categorized into each group based on corneal thickness depending on the safety standards outlined stated by
Caporossi and his colleagues [13], the TE-CXL was applied to
patients with a corneal thickness less than 400 in thinnest location. Some will find this bias may lead to the interpretation of
study results. But, in spite of the better results of postoperative
changes of the epithelia-off group at 12 months concerning
UCVA, BCVA, corneal astigmatism, and K max; there was no
an observed statistically significant difference between two
groups of postoperative CT changes. It seems that there are
other parameters rather than the corneal thickness would be
responsible for the post-CXL changes. Furthermore, it is still
till now unclear to predict the post-CXL results and which
patients are more probable to benefit from the treatment. In
clinical practice, few studies evaluated different preoperative
parameters effects on post-CXL outcomes. Regarding the
preoperative thinnest corneal pachymetry and its effect on
CXL- outcomes, it was concluded that a thinnest corneal thickness less than 450 μm significantly lead to more improving
and flattening in the maximum K [14]. The preoperative pachymetry effect on CXL-outcomes is considered an interesting
and controversial point; therefore it will need to be evaluated
in a randomized study with a large sample size in the future.
Trans-epithelial CXL group shows a statistically significant
variance in spherical aberration in the first 6 months, which
partially explained the former tendency of functional improvement. However, it turned back closer to baseline values

at the 12 months. While in group II, there was a statistically
significant improvement in spherical aberration at 12 months.
Overall analysis of the current clinical outcomes after TECXL showed the disease stability was relatively temporary
within the first 6 months in comparison with the conventional
CXL results. Of 27 eyes, 29.62% maintained the preoperative
level and only 18.51% showed clinical improvement at the
end of follow-up.
Many published laboratory or clinical studies on this topic
were comparable to our results and reported weaker or even
no effect of TE-CXL in halt progression of ecstatic diseases
[15-17]. In the present study about 37.04% of group I eyes
showed a continued KC progression with a clinically significant
deterioration concerning increased K max during the period
from 6 months to 12 months follow up. Soeters et al., reached
the same conclusion and reported 23% of cases progressed
after one year [18].
Compared to the efficacy and the results of standard CXL,
many investigators concluded that TE-CXL was significantly
weaker and unstable and so hypothesized the cause due to minimal penetration of riboflavin, a hydrophilic molecule, through
intact epithelium with resultant poor stromal saturation [15,16].
Currently, it was reported the efficacy of the epithelial –off
CXL in halt progression over TE-CXL and even statistically
significant improvement in visual and topographic parameters
It was found that the corneal biomechanical stiffening after
TE-CXL about one-fifth compared to the standard (epithelium-off ) CXL in an animal model [19]. Therefore TE- CXL was
believed to be favorable procedure but with limited effects
than standard CXL in treating and stabilizing progressive KC
[12,17,20]. On the other, a study done by Filippello and his
colleagues [4] reported better clinical and instrumental results
with a statistically significant improvement in both visual
and topographic parameters. They assumed that epithelial
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on CXL treatment was safe, noninvasive and well-tolerated.
Another retrospective study using modified protocol
(mechanical disruption of the superficial epithelium, and
an increase of the riboflavin-induction time), concluded the
improvements in both visual, and topographic parameters
after TE-CXL. Thus it appeared to be effective in treating
progressive KC and to stop the progression [21].
Actually, several methods have been used to facilitate
the riboflavin penetration through the intact epithelium,
in addition, different inclusion criteria and different studies
designs making comparison difficult. Currently, Ricrolin TE
was used which known as the least hypotonic photosensitizer
causing disruption effect of the corneal epithelium, with
no reported epithelial defects and minimal postoperative
pain. However, Ricrolin TE caused a shallow penetration
of the riboflavin due to lack of some epithelial disruption
which is necessary for perfect diffusion [13,22]. This may
explain the limited unstable effects of TE-CXL in our results.
What we can infer from this study, epithelial debridement
affects the final clinical outcomes and conventional CXL is
superior on TE-CXL in KC stability. However, these findings
contradict the results of some researchers of the effectiveness
of the TE-CXL [4,11,21].
The limitations of the present study were the small number
of the patients, non-randomized design and the short followup time. A large randomized controlled study with larger
number of patients and longer follow-up is recommended to
evaluate the long-term indications and outcomes of TE-CXL.

Conclusion

It could be concluded that one-year follow-up of the studied
eyes was clear evidence of functional and clinical regression
in the TE-CXL group to the preoperative status. This general
return to the preoperative status in all parameters after an
initial improvement proposes that TE- CXL cannot stabilize KC
for a long term and does not outcome biomechanical stiffening needed for continuous clinical stability and improvement
as standard epithelial on CXL.
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