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AbsTrACT
Purpose To investigate the long- term safety 
and efficacy of accelerated transepithelial corneal 
cross- linking (ATE- CXL) in children with progressive 
keratoconus.
Methods Fifty- three eyes of 41 paediatric patients (34 
boys, 7 girls; mean age 14.81±1.96 years) undergoing 
ATE- CXL were enrolled in the study. Corrected distance 
visual acuity (CDVA) and manifest refraction were 
assessed preoperatively and 36 months postoperatively. 
Corneal keratometry, corneal thickness and posterior 
elevation were measured using Pentacam preoperatively 
and 1, 6, 12 and 36 months postoperatively. Pachymetry 
and epithelial thicknesses were measured using optical 
coherence tomography preoperatively and 6, 12, and 36 
months postoperatively.
results Thirty- six months postoperatively, CDVA 
improved from 0.32±0.28 to 0.26±0.25 in logarithm 
of the minimum angle resolution (p=0.025). Maximum 
keratometry was 58.73±9.70 D preoperatively 
and 59.20±10.24, 58.28±9.33, 57.88±9.99 and 
58.98±10.79 D at 1, 6, 12 and 36 months 
postoperatively throughout the 36- month follow- up 
period (p>0.05). Similarly, corneal central thickness, 
which was 492.42±33.83 µm postoperatively, also 
remained stable during the 36- month follow- up 
(p>0.05). Both posterior central elevation and posterior 
highest elevation were stable at 12 months after ATE- 
CXL (p>0.05), but increased at 36 months postprocedure 
(p<0.05). Corneal pachymetry and epithelial thicknesses 
remained stable throughout the follow- up period 
(p>0.05).
Conclusions ATE- CXL is a safe and effective treatment 
in paediatric progressive keratoconus patients, leading to 
stable keratometry and corneal thickness throughout the 
36- month follow- up.

InTroduCTIon
Keratoconus is a bilateral and progressive corneal 
ectasia, which causes corneal thinning and steep-
ening, leading to irregular astigmatism and a 
decrease in visual acuity.1 It usually occurs during 
puberty and progresses until the third or fourth 
decade of life.2 Paediatric keratoconus is more 
aggressive than the adult variant. Diagnosis of 
this disorder before adulthood is a risk factor for 
progression, increasing the probability of the need 
for a corneal transplant.3 Therefore, more atten-
tion should be paid to the diagnosis and treatment 
of paediatric keratoconus in early stages of the 
disease.4

Corneal cross- linking (CXL) can increase the 
biomechanical strength and stability of the cornea 
by an interaction of ultraviolet (UV) light and 
riboflavin, which is used to halt or decelerate the 
progression of keratoconus.5 Previous studies6–10 
have reported that conventional corneal collagen 
cross- linking (C- CXL; epithelium- off procedure 
with 3 mW/cm2 UVA radiation for 30 min) is an 
effective and safe procedure to treat adult and 
paediatric keratoconus. Only a few studies11 12 have 
investigated the use of accelerated transepithe-
lial (ATE) CXL (ATE- CXL; epithelium- on proce-
dure with 45 mW/cm2 UVA radiation in the pulsed 
mode for 320 s) for the treatment of paediatric 
keratoconus.

Here, we report for the first time the results of 
a 3- year follow- up of ATE- CXL in children with 
progressive keratoconus. This study investigated 
the long- term safety and efficacy of ATE- CXL for 
paediatric patients with progressive keratoconus.

PATIenTs And MeThods
Patient population
Paediatric patients (10–17 years old) with progres-
sive keratoconus who underwent ATE- CXL at 
the Eye and Ear Nose Throat Hospital of Fudan 
University in Shanghai, China were enrolled in this 
study. The diagnosis of keratoconus was based on 
the global consensus on keratoconus and ectatic 
diseases criteria.13Written informed consent was 
obtained from the guardian of each patient before 
enrolment and after a detailed explanation of the 
procedure.

Inclusion criteria were diagnosis with progressive 
keratoconus with the thinnest corneal thickness 
(TCT) greater than or equal to 400 μm. Kerato-
conus progression was confirmed by an increase 
in maximum keratometry (Kmax) by 1.00 diopter 
(D) or more in 1 year, or an increase in astig-
matic degree of 1.00 D or more in 1 year. Exclu-
sion criteria included advanced keratoconus with 
stromal scarring, a history of other ocular diseases, 
previous ocular surgeries or allergy to riboflavin. 
Patients wearing rigid gas permeable lenses or soft 
contact lenses discontinue use of these for at least 4 
or 2 weeks, respectively.

Fifty- three eyes of 41 patients (34 males and 
7 females) with a mean age of 14.81±1.96 years 
were included in this study. The baseline charac-
teristics of the study population are summarised in 
table 1.
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Table 1 The baseline characteristics of the patients

Mean±sd range

Age (years) 14.81±1.96 10 to 17

Sphere (D) −5.35±4.30 −18.50 to 0.50

Cylinder (D) −4.24±2.41 −0.50 to –8.75

Spherical equivalent (D) −7.51±4.39 0 to 20.88

CDVA (logMAR) 0.32±0.28 0 to 1.30

K1 (D) 47.13±5.27 41.3 to 64.4

K2 (D) 51.28±6.16 42.6 to 68.0

Kmax (D) 58.73±9.70 43.9 to 82.1

CCT (μm) 492.42±33.83 427 to 578

AT (μm) 483.89±37.76 409 to 576

TCT (μm) 474.91±36.45 400 to 563

AT, apex thickness; CCT, central corneal thickness; CDVA, corrected distance visual acuity; 
D, diopters; K1, steepest meridian keratometry; K1, flattest meridian keratometry; Kmax, 
maximum keratometry; logMAR, logarithm of the minimal angle of resolution; TCT, thinnest 
corneal thickness.

Table 2 Preoperative and postoperative refraction and visual acuity 
(mean±SD)

Parameter Preoperation 36 months postoperation P value

Sphere (D) −5.35±4.30 −5.84±4.11 0.050

Cylinder (D) −4.24±2.41 −4.32±2.71 0.681

Spherical equivalent (D) −7.51±4.39 −8.01±4.14 0.052

CDVA (logMAR) 0.32±0.28 0.26±0.25 0.025*

*A significant difference was detected.
CDVA, corrected distance visual acuity; D, diopters; logMAR, logarithm of the minimal 
angle of resolution.

Preoperative and postoperative measurements
Preoperative and postoperative examinations included slitlamp 
biomicroscopy, manifest refraction, corrected distance visual 
acuity (CDVA) in logarithm of the minimum angle resolution 
(logMAR), corneal topography (Pentacam, Oculus, Wetzlar, 
Germany) and spectral- domain optical coherence tomography 
(OCT; RTVue-100; Optovue, Fremont, California, USA). The 
last follow- up was 3 years after ATE- CXL. All measurements 
were performed by the same experienced technician.

Steepest meridian keratometry (K1), flattest meridian 
keratometry (K2), Kmax, central corneal thickness (CCT), apex 
thickness (AT) and TCT were measured by the Pentacam system. 
For each eye, the best- fit sphere in the central 8.0 mm zone of 
the preoperative cornea was used as the reference surface. The 
Pentacam system automatically measured posterior central eleva-
tion (PCE) and posterior highest elevation (PHE) of the cornea. 
Posterior mean elevation (PME) was calculated as the mean of 
27 points in the central 4.0 mm zone of the posterior corneal 
surface. Changes in elevation (∆PCE, ∆PHE and ∆PME), which 
were calculated by subtracting preoperative from postoperative 
data, were considered the shift of the posterior corneal surface. 
The followed- up time points were 1, 6, 12 and 36 months 
postoperatively.

Spectral- domain OCT was used to measure sectoral epithe-
lium thickness and sectoral pachymetry thickness of the central 
cornea (the central 2 mm diameters), the paracentral cornea 
(the central annuli of diameters from 2 to 5 mm) and the mid- 
peripheral cornea (the central annuli of diameters from 5 to 
6 mm) postoperatively and at 1, 12 and 36 months following 
ATE- CXL.

surgical procedure
All ATE- CXL procedures were performed by the same surgeon 
(XZho) following a previously described procedure.12 14–16 The 
corneal epithelium was left intact. Corneal soaking of riboflavin 
was performed using Paracel (0.25% riboflavin-5- phosphate, 
hydroxypropyl methylcellulose, sodium edetate, trometamol, 
benzalkonium chloride and NaCl, Avedro, USA) for 4 min and 
VibeX Xtra (0.25% riboflavin-5- phosphate and NaCl, Avedro) 
for 6 min. The UV treatment was administered using 365 nm 
UV- A light (Avedro’s KXL System, Avedro) for 5 min and 20 s 
with 45 mW/cm2 irradiation in the pulsed mode (1 s on and 1 s 
off). The bandage contact lens was removed on postoperative 
days 1–5, according to epithelialisation. Prescriptions were given 

for levofloxacin eye- drops, to be applied four times per day for 
1 week, artificial tears to be used four times per day for 1 month, 
and 0.1% fluorometholone to be used seven times daily initially, 
followed by gradual reduction over 3 weeks.

data and statistical analysis
Statistical analysis was performed using SPSS V.20.0 (SPSS). 
Continuous parameters were described as mean±SD. Normality 
of the data was tested using the Kolmogorov- Smirnov test. Paired 
t- test, Wilcoxon rank- sum test and repeated measures analyses of 
variance with Bonferroni- adjusted post hoc comparisons were 
performed to evaluate the significance of differences between 
preoperative and postoperative data. Differences with p<0.05 
were considered statistically significant.

resulTs
All surgical procedures were completed successfully, without 
any intraoperative or postoperative complications. All patients 
were observed using slitlamp biomicroscopy after bandage lens 
removal at postoperative days 1–5. There were no cases of 
corneal haze or infection.

Visual acuity and refraction
CDVA (in logMAR units) and refraction data obtained at baseline 
and 3 years postoperatively are shown in table 2. A significant 
improvement in CDVA was observed between the postoperative 
time point and 36- month follow- up (0.32±0.28 vs 0.26±0.25; 
p=0.025). No significant changes were found in spherical equiv-
alent refraction (SE), which was −7.51±4.39 D preoperatively 
and −8.01±4.14 D at 3 years post- ATE- CXL (p=0.052).

At 36 months postoperatively, CDVA improved in 18 eyes 
(36%), remained stable in 26 eyes (52%) and decreased in 6 eyes 
(12%).

Corneal keratometry
Maximum keratometry was 58.73±9.70 D preoperatively, and 
59.20±10.24, 58.28±9.33, 57.88±9.99 and 58.98±10.79 D at 
1, 6, 12 and 36 months after ATE- CXL, respectively. There was 
no significant difference in K1, K2 and Kmax between preop-
erative and postoperative time points spanning the 36- month 
follow- up (p>0.05; figure 1A).

At 3 years postoperatively, Kmax decreased by 1.00 D or more 
in 17 eyes (34%), changed from −1.00 D to 1.00 D in 23 eyes 
(46%), and increased by 1.00 D or more in 10 eyes (20%).

Corneal thickness and posterior elevation
CCT, AT and TCT of preoperative and postoperative 
measurements are summarised in figure 1B. CCT values 
were 492.42±33.83 µm postoperatively and 492.31±35.05, 
496.22±34.67, 496.44±31.55 and 488.16±31.61 µm at 1, 6, 
12, and 36 months postoperatively. There was no statistically 
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Figure 1 (A) The K1, K2 and Kmax values were stable during the 36- month follow- up (p>0.05). There is no statistical significance between each 
time point. K1, steepest meridian keratometry; K1, flattest meridian keratometry; Kmax, maximum keratometry. (B) The CCT, AT and TCT values were 
stable during the 36- month follow- up (p>0.05). There is no statistical significance between each time point. (C) The PCE and PME values showed 
non- significant changes in the first postoperative 12 months (p>0.05), and significantly increased at 36 months after ATE- CXL (p<0.05). No significant 
changes were observed in PME during 36- month follow- up (p>0.05). AT, apex thickness; ATE- CXL, accelerated transepithelial corneal cross- linking; 
CCT, central corneal thickness; PCE, posterior central elevation; PHE, posterior highest elevation; PME, posterior mean elevation; TCT, thinnest corneal 
thickness.

Table 3 Sectoral epithelial thickness at each time point before and 
after ATE- CXL (mean±SD)

epithelial 
thicknesses (μm) Preoperation

Postoperation

6 months 12 months 36 months

Mininum 42.10±7.18 42.55±6.46 41.65±8.50 43.44±7.52

Centre 51.23±5.34 51.98±5.60 52.53±6.16 51.73±5.84

Paracentral- S 56.27±5.39 56.45±7.06 57.50±7.25 58.22±5.09

Paracentral- SN 57.85±5.93 56.85±6.28 58.50±6.41 58.88±4.93

Paracentral- N 58.00±5.20 57.45±5.37 58.56±6.18 57.76±4.81

Paracentral- IN 56.90±4.83 54.98±9.94 55.62±4.86 56.20±6.33

Paracentral- I 53.88±6.69 53.05±7.22 51.68±6.88 54.00±6.36

Paracentral- IT 50.31±5.47 49.55±6.61 48.29±6.37 50.76±6.32

Paracentral- T 50.92±6.17 51.90±6.21 52.44±7.57 52.17±6.73

Paracentral- ST 55.83±6.10 57.15±7.67 57.71±7.82 57.05±7.17

Mid- peripheral- S 53.40±6.14 53.88±6.37 54.82±7.71 56.29±5.69 *

Mid- peripheral- SN 56.10±5.13 55.25±5.48 56.12±5.90 57.73±4.70

Mid- peripheral- N 59.46±4.90 58.03±4.31 58.32±4.92 59.56±4.83

Mid- peripheral- IN 60.38±4.54 59.80±5.28 58.62±4.47 60.22±5.85

Mid- peripheral- I 58.15±7.41 57.25±8.21 55.97±7.40 59.66±6.24

Mid- peripheral- IT 55.27±7.09 53.70±7.74 52.62±7.84 55.80±6 .16

Mid- peripheral- T 55.38±6.51 56.33±5.42 56.24±6.38 56.07±5.43

Mid- peripheral- ST 56.77±6.41 57.60±5.52 57.56±5.66 58.34±5.29

*A significant difference was detected.
ATE- CXL, accelerated transepithelial corneal cross- linking; I, inferior; N, nasal; S, superior; T, 
temporal.

Table 4 Sectoral pachymetry thickness at each time point before 
and after ATE- CXL (mean±SD)

Pachymetry 
thicknesses (μm) Preoperation

Postoperation

6 months 12 months 36 months

Mininum 461.23±34.75 461.70±37.88 456.62±40.23 457.95±39.90

Centre 487.85±30.88 488.05±34.18 485.74±33.74 482.41±33.97

Paracentral- S 548.35±30.46 548.48±32.55 548.35±30.74 547.17±31.24

Paracentral- SN 546.69±29.41 544.93±29.20 545.09±29.99 544.78±29.28

Paracentral- N 532.25±26.95 530.63±28.15 524.94±28.11 529.90±26.91

Paracentral- IN 516.81±27.72 514.65±29.88 504.56±36.19 516.49±30.65

Paracentral- I 504.08±33.70 501.83±34.74 493.82±37.92 510.27±32.66

Paracentral- IT 493.47±29.38 491.03±35.78 487.53±34.97 495.29±32.66

Paracentral- T 503.77±29.92 505.65±34.63 505.94±32.33 501.44±35.48

Paracentral- ST 534.35±28.96 534.93±33.70 534.88±30.18 531.68±32.86

Mid- peripheral- S 579.69±35.52 577.48±33.52 681.63±35.75 575.98±35.70

Mid- peripheral- SN 578.46±32.19 574.55±30.40 576.12±34.40 573.41±32.75

Mid- peripheral- N 565.56±30.30 562.75±29.36 559.44±30.72 563.98±28.97

Mid- peripheral- IN 543.21±73.95 553.13±29.19 547.26±33.22 556.68±30.88

Mid- peripheral- I 549.58±34.36 546.85±33.46 541.15±34.38 553.39±31.72

Mid- peripheral- IT 534.85±32.64 533.58±35.33 531.12±35.44 540.49±31.66

Mid- peripheral- T 536.00±28.66 539.28±33.11 540.35±31.28 537.37±31.91

Mid- peripheral- ST 564.56±31.42 566.10±34.66 568.50±32.72 563.34±33.00

ATE- CXL, accelerated transepithelial corneal cross- linking; I, inferior; N, nasal; S, superior; T, 
temporal.

significant difference between any of these parameters during 
the 36- month follow- up period (p>0.05).

Compared with baseline, PCE and PHE were not significantly 
different at the 1, 6 and 12 months follow- up (p>0.05), whereas 
at 36 months following ATE- CXL both of these parameters 
were significantly increased (p<0.05; figure 1C). No signifi-
cant changes were observed in PME at any time point during 
follow- up (p>0.05).

epithelial and pachymetry thicknesses
Sectoral epithelium thicknesses before and after ATE- CXL are 
listed in table 3. There was no significant change in sectoral 
epithelium thickness between preoperative and follow- up time 
points (p>0.05), except for the paracentral superior sector, the 
thickness of which was significantly increased at 36 months post-
operatively (p=0.036). Minimum epithelial thicknesses were 
42.10±7.18 µm at baseline and 43.44±7.52 µm at 36 months 
postoperatively (p=0.397).

Sectoral pachymetry thicknesses before and after ATE- CXL 
are shown in table 4. Minimum pachymetry thicknesses were 
461.23±34.75 µm at baseline and 457.95±39.90 µm at 36 
months postoperatively (p=0.686). No significant changes were 
observed between sectoral pachymetry thicknesses at any time 
point during a follow- up (p>0.05).

dIsCussIon
Keratoconus has been shown to be more aggressive in the paedi-
atric as compared with the adult population,17 with an increased 
risk of corneal opacities and a greater need for penetrating kera-
toplasty.3 4 The 1- year progression of keratoconus in children 
occurred in 88% of the patients.18 Therefore, the treatment of 
keratoconus is particularly important in children. CXL is an 
effective treatment in stabilising keratoconus. ATE- CXL is a 
novel modification of this treatment that maintains the integ-
rity of the corneal epithelium layer and has a higher UV irradi-
ation intensity, allowing patients a faster recovery after a more 
comfortable treatment process. To the best of our knowledge, 
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this is the first study to investigate the effects of ATE- CXL on 
progressive keratoconus in patients aged 10–17 years with a 
follow- up period of 36 months.

We observed an overall improvement in CDVA from 0.32 
logMAR preoperatively to 0.26 logMAR at 3 years postoper-
atively. Vinciguerra et al10 examined C- CXL as a treatment for 
paediatric keratoconus in 40 eyes of 40 patients and found a 
significant improvement of CDVA at 2 years following the treat-
ment. Ozgurhan et al19 observed that CDVA improved signifi-
cantly from 0.38±0.24 logMAR preoperatively to 0.30±0.20 
logMAR at a 2- year follow- up of accelerated CXL for paediatric 
keratoconus in 44 eyes of 38 patients. Collectively, our results 
suggest that ATE- CXL is similarly as effective as C- CXL and 
accelerated CXL in the treatment of paediatric keratoconus in 
visual acuity assessment.

Our results showed that CDVA improved in 36% of patient 
eyes, remained unchanged in 52% eyes and decreased in 12% 
eyes at 3 years postoperatively. According to the previous studies, 
Uçakhan et al9 examined C- CXL for keratoconus aged below 19 
years and found at month 48, improvement by two or more lines 
in the mean CDVA was encountered in 77.5% of patient eyes 
and there was no loss of CDVA in any patient eye. However, not 
all studies demonstrated such significant improvements in visual 
outcomes. In Kumar Kodavoor et al20 study, there was improve-
ment in the BCVA in 18 eyes (51.42%), stabilisation in 12 eyes 
(34.28%), and worsening of vision in 5 eyes (14.28%) at 1- year 
follow- up of C- CXL for paediatric keratoconus.

We found that K1, K2, Kmax and corneal thickness tended 
to be stable throughout the follow- up period, and our patients 
had progressive keratoconus with an increase in Kmax of 1.00 
D or more in 1 year, suggesting that ATE- CXL is an effective 
treatment capable of halting the progression of keratoconus 
in paediatric patients. Our results were similar to results were 
found in adult keratoconus eyes reported by our group.14 15 
Above- mentioned studies10 19 had shown decrease of keratom-
etry (K) values at 2- year follow- up. However, not all studies 
have demonstrated significant decrease in K values. Wise et al7 
reported in 39 eyes of 28 patients no significant change in mean 
K values at 1- year follow- up after C- CXL treatment. Chatzis 
and Hafezi18 found the Kmax values were significantly reduced 
as early as 3 months after treatment and remained stable to 24 
months after C- CXL in children and adolescents. However, at 
36 months after C- CXL, the Kmax values showed a tendency 
for progression.

Kmax increased by 1.00 D or more in 9.3% and 20.0% of 
patient eyes at 1 year and 3 years postoperatively. According to 
the previous studies of C- CXL for paediatric keratoconus, Kumar 
Kodavoor et al20 reported at 1 year postoperatively, 8.6% of 
patient eyes showed an increase in the Kmax, which were similar 
to our 1- year results. However, Ucakhan et al9 found the mean 
Kmax increased by 1 D only in 2.5% eyes at 2 years postopera-
tively. Above- mentioned studies did not have data for 36- month 
follow- up. In Schuerch et al6 study, 5 cases of 33 (15.15%) eyes 
in a follow- up period of 37.5 months had an increase of 1 D or 
more of Kmax. Chatzis and Hafezi18 investigated at 1, 2 and 3 
years after C- CXL, Kmax readings were increased by 1 D or 
more in 11%, 13% and 55% of eyes. The effect of CXL might 
not be strong enough to show arrest of keratoconus progression 
at longer follow- up.

In the current study, no complications were observed during 
the treatment, and no adverse reactions such as keratitis or 
corneal haze occurred after the treatment. Furthermore, CDVA 
improved during the 3- year follow- up, together providing 
evidence for the safety of ATE- CXL for treating paediatric 

keratoconus. In contrast, it has been reported that the use of 
C- CXL for the treatment of keratoconus can lead to corneal 
haze and during epithelial healing after C- CXL, the cornea is 
vulnerable to infection and melting.21 22 Therefore, ATE- CXL, 
not only maintaining the integrity of the corneal epithelium and 
consequently reducing the occurrence of complications, but also 
being more comfortable for the treated patients, is the superior 
method in this context.

In recent years, corneal posterior elevation was reliably used 
to evaluate the stability of the corneal structure23–25 in refrac-
tive surgery. We found that PCE and PHE slightly, though not 
statistically significantly, decreased during the 1- year follow- up. 
However, at the 3- year follow- up, both parameters were signifi-
cantly increased compared with baseline, suggesting that ATE- 
CXL may have prevented or delayed the progress of corneal 
ectasia and maintained structural stability of the cornea at 1 year 
after ATE- CXL, but this beneficial effect was lost thereafter. 
Based on previous studies,26 27 in order to protect the corneal 
endothelium, the depth of cross- linking by riboflavin and UV 
radiation is generally in the anterior and middle stroma of the 
cornea. The occurrence of keratoconus usually starts from the 
posterior surface of the cornea. Therefore, during CXL treat-
ment, the posterior surface of the cornea may not be adequately 
cross- linked. As the anterior stroma is more important in terms 
of biomechanical stability of the cornea,28 the cross- linking 
effect should also be strong enough to stop the progression of 
corneal ectasia.

Antonios et al29 reported that OCT might better estimate the 
true CCT following CXL as compared with Scheimpflug tomog-
raphy. With the use of OCT, we found that at 3 years postop-
eratively as compared with baseline, all sectors of pachymetry 
thickness as well as epithelial thickness showed no significant 
differences, except for the paracentral superior sector, which 
showed significantly increased thickness. In a previous study 
in which C- CXL was used for treating paediatric keratoconus, 
the authors reported that pupil centre pachymetry was signifi-
cantly decreased at 3 months and recovered by 12 months post-
operatively, remaining stable thereafter throughout the 2- year 
follow- up.10 Other studies29 30 have demonstrated that corneal 
thickness decreases following epithelium- off cross- linking in 
keratoconus patients. Importantly, our results suggest that 
corneal thickness remained stable in paediatric keratoconus 
patients after ATE- CXL throughout the 3- year follow- up period.

In conclusion, this study demonstrates that ATE- CXL is a 
safe and effective treatment for the paediatric progressive kera-
toconus patients. Keratometry and corneal thickness remained 
stable during the 36- month follow- up period. However, we 
could not disregard 20% of paediatric eyes showed a tendency 
for progression at 3 years after ATE- CXL, which was a relatively 
big proportion comparing to those who were treated by C- CXL 
in some studies. The importance of CXL lies in the fact that 
it is a minimally invasive procedure. Compared with C- CXL, 
the ATE- CXL is more safe, non- invasive and makes patient 
more comfortable. We recommend careful follow- up to detect 
a decrease of the CXL- induced effect. In addition, it remains 
unclear how these progressive corneas after ATE- CXL would 
react to possible retreatment. One limitation to our study is 
the lack of a control group undergoing C- CXL. Further studies 
should evaluate the changes of in vivo corneal morphology and 
biomechanical properties following ATE- CXL treatment in 
paediatric keratoconus patients.
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