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ARTICLE

Accelerated corneal crosslinking in
children with keratoconus: 5-year results

and comparison of 2 protocols
Alper Ağca,MD, Beril Tülü,MD, Dilek Yaşa,MD, Burçin Kepez Yıldız,MD,Mehmet E. Sucu,MD, SelimGenç,MD,

Korhan Fazıl, MD, Yusuf Yıldırım, MD

Purpose: To evaluate long-term clinical results of 2 different
accelerated corneal crosslinking (CXL) protocols in pediatric pa-
tients with keratoconus.

Setting: Beyoğlu Eye Training and Research Hospital, Istanbul,
Turkey.

Design: Retrospective case-control study.

Methods: Patients who were younger than 18 years were in-
cluded in the study. Group 1 received 4 minutes of illumination at
30 mW/cm2, and Group 2 received 5 minutes of illumination at
18 mW/cm2. Uncorrected and corrected distance visual acuities,
manifest refraction, corneal topographic parameters, and corneal
higher-order aberrations (HOAs) were evaluated at baseline and
during 1-, 3-, and 5-year follow-up visits.

Results: A total of 143 eyes from 86 patients were included in the
study. There were 30 eyes in Group 1 and 113 eyes in Group 2.

Themean follow-up timewas 4.15 ± 0.99 years. Mean keratometry (K)
and/or maximum K progressed ≥1.00 diopter (D) in 7 eyes
(23.3%) in Group 1 and 19 eyes (16.8%) in Group 2 (P = .411).
Mean K and/or maximum K decreased ≥2.00 D in 2 eyes (6.7%) in
Group 1 and 24 eyes (21.2%) in Group 2 (P = .06). In Group 1,
there were no statistically significant differences in topographic
parameters during follow-up. In Group 2, there was a statistically
significant reduction in total HOA and coma during the 5-year visit
when compared with the preoperative visit (P = .005 and P = .045,
respectively).

Conclusions: Accelerated CXL is beneficial in terms of halting the
progression of keratoconus in pediatric patients throughout 5 years
of follow-up examinations. An increased irradiance with a reduced
application time reduces the topographic effects of CXL.

J Cataract Refract Surg 2020; 46:517–523Copyright © 2020 Published by
Wolters Kluwer on behalf of ASCRS and ESCRS

Keratoconus is a progressive disease characterized by
corneal thinning and deformation. Although it
occurs in all age groups, the progression is faster in

pediatric patients, and the diagnosis is more difficult.
Although there are various ways of increasing corrected

(CDVA) or uncorrected (UDVA) distance visual acuity in
patients with keratoconus, corneal crosslinking (CXL) is the
only treatment method that has been shown to halt or slow
the progression of this disease. The conventional CXL
procedure, defined by Wollensak et al., is an epi-off pro-
cedure that takes 60 minutes.1 Various accelerated proce-
dures are proposed to reduce the overall application time
while maintaining the effectiveness of CXL therapy. How-
ever, various parameters have been used in these methods,
and no standard set of parameters for accelerated CXL has
been established. On one hand, an accelerated procedure
may be advantageous for pediatric age groups because it is
more difficult to apply a 1-hour standard protocol in chil-
dren under topical anesthesia than in adults. On the other

hand, the effectiveness of accelerated procedures is an im-
portant consideration in pediatric patients, who are at
a greater risk for progression than adult patients.2

Long-term safety and efficacy of the conventional CXL
procedure has been demonstrated in adults in a 10-year
follow-up study.3 However, there are only a few studies on
accelerated CXL treatment in pediatric patients, and only 2
small studies compared the outcomes of accelerated and
standard CXL in pediatric patients.4–7,8,9 More importantly,
no studies have followed accelerated CXL patients beyond 3
years, after the effects of CXLmay start to regress in children.2

Only Ozgurhan et al. and Eissa and Yassin have evaluated 5
minutes of illumination at 18 mW/cm2 in a small number of
pediatric patients, with a follow-up of 2 and 3 years, re-
spectively.4,9 To our knowledge, no study has evaluated 4
minutes of illumination at 30 mW/cm2. Accordingly, there is
a need for long-term studies that involve different accelerated
CXL protocols in pediatric patients to establish the efficacy
and safety of accelerated CXL in pediatric age groups.
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The aim of this study was to evaluate the visual, re-
fractive, and topographic outcomes, 5 years after treat-
ment, of pediatric keratoconic patients who were treated
with an accelerated (18 mW/cm2 ultraviolet A [UVA] for
5 minutes or 30 mW/cm2 UVA for 4 minutes) CXL
procedure.

METHODS
This study was conducted in accordance with the tenets of the
Declaration of Helsinki, and approval was obtained from the
institutional review board. Medical records of all patients who
underwent CXL at Beyoğlu Eye Training and Research Hospital
(Istanbul, Turkey) were retrospectively evaluated. Patients who
received 5 minutes of UVA illumination at 18 mW/cm2 (Group 1)
or 4 minutes of UVA illumination at 30 mW/cm2 (Group 2), who
were younger than 18 years at the time of the accelerated CXL, and
who were observed for at least 1 year were included in this ret-
rospective interventional case series. Patients who had dry-eye
syndrome, pregnancy, lactation, or a history of corneal surgery
were excluded from the study.

Preoperative and Postoperative Examinations
Preoperatively, all the patients received a full ophthalmological
examination, including UDVA and CDVA, manifest and cyclo-
plegic refractions, slitlamp evaluation, Goldmann applanation
tonometry, and fundoscopy. Corneal topography, wavefront
aberrometry, and dynamic pupillography were performed with
a Sirius corneal topography and aberrometry system (Costruzione
Strumenti Oftalmici). Follow-up visits at 1, 3, and 5 years after the
procedure are routinely scheduled in our refractive surgery clinic.
Objective and subjective refractions, in addition to corneal top-
ographies, were performed, and UDVA and CDVA were recorded
during all of the follow-up visits.
Uncorrected distance visual acuity and CDVA, manifest re-

fraction (diopters [D]), corneal topographic parameters, and cor-
neal higher-order aberrations (HOAs) were evaluated at baseline
and at 1-, 3-, and 5-year follow-up visits. Maximum keratometry
(K) and mean K progression were defined as a change of ≥1.00 D
and a centrally clear cornea.

Accelerated Crosslinking Technique
After the administration of proparacaine hydrochloride 0.5%
(Alcaine), epithelial removal (9.0 mm) was performed using
a blunt spatula. After epithelial removal, riboflavin (0.1% solution
VibeX) was administered every 2 minutes for 20 minutes. After 20
minutes of riboflavin photosensitizer installation, the corneal
stroma was exposed to 365 nm UVA light (Peschke, Meditrade
CCL-Vario system) over a 9.0 mm diameter and with an irra-
diance of 30 mW/cm2 (7.2 J/cm2) for 5 minutes (Group 1) or
18 mW/cm2 (5.4 J/cm2) for 5 minutes (Group 2). A silicone-
hydrogel bandage contact lens (Air Optix, Alcon Laboratories,
Inc) with a 14.0 mm diameter and 8.6 mm base curvature was
applied at the end of the procedure. Postoperative medication
included moxifloxacin 0.5% (Vigamox) applied 4 times a day for
1 week, artificial tears applied 4 times a day for 1 month, and
fluorometholone acetate 0.1% (Flarex) applied 4 times a day and
tapered over 2 weeks.

Statistical Analysis
Statistical analyses were performed using SPSS for Windows
(version 21.0, IBM). Decimal visual acuities were converted to
their corresponding logarithm of the minimum angle of reso-
lution acuities for statistical analysis. The variable distribution
was determined using the Shapiro-Wilks test. Parametric and
nonparametric variables were compared using the t test and
Mann-Whitney U test, respectively, between the groups. Paired-
samples t tests were used to compare the follow-up

measurements with their respective baseline measurements. A P
value less than .05 was considered statistically significant. The
mean, standard deviation, and frequency were used to report the
data.

RESULTS
A total of 143 eyes (86 patients) were included in the study.
Sixty-one (71%) of the 86 patients were males and 25 (29%)
were females (χ2, P < .001). Sixty-four percent of the pa-
tients were younger than 15 years and 22% were younger
than 13 years. Figure 1 shows a detailed age distribution of
the entire study group.
There were 30 eyes in Group 1 and 113 eyes in Group 2.

Preoperative age and sex distribution were similar between
groups. The mean age in Group 1 was 15.08 ± 1.77 years,
and the mean age in Group 2 was 14.19 ± 2.30 years (P =
.091). Nineteen patients (79%) in Group 1 and 42 patients
(68%) in Group 2 were males (P = .428).
Spherical equivalent of manifest refraction, UDVA,

CDVA, and corneal topographic parameters during the
follow-up are listed in Table 1. There were no statistically
significant differences between the groups during any of the
visits. Tables 2 and 3 list the changes relative to their re-
spective baseline values in Groups 1 and 2, respectively. In
both groups, the postoperative CDVA was improved at the
3-year visit compared with preoperative visits. Improvement
at the 5-year visit was statistically significant in Group 1, but
not in Group 2 (P = .06). In Group 2, there was a statistically
significant reduction in corneal pachymetry, total HOA, and
coma after the treatment. However, in Group 1, there were
no statistically significant changes in any of these parameters
during the 5-year follow-up.
Figure 2, A and B present the changes in maximum K

and mean K, respectively, during the last follow-up visit.
Mean K and/or maximum K progressed ≥1.00 D in 7 eyes
(23.3%) in Group 1 and 19 eyes (16.8%) in Group 2
(Pearson χ2, 2-tailed P value = .411). Mean K and/or
maximum K decreased ≥2.00 D in 2 eyes (6.7%) in
Group 1 and 24 eyes (21.2%) in Group 2 (Pearson χ2, 2-
tailed P value = .06).
Figure 3 presents the changes in CDVA during the last

follow-up visit (3 or 5 years), compared with the corre-
sponding baseline CDVA. One eye (3.3%) in Group 1 and 7
eyes (6.2%) in Group 2 lost 2 or more lines of CDVA
(Fisher exact test, 2-tailed P value = .99).

Figure 1. Age distribution of the whole study group.
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Decisions for retreatment, keratoplasty, or follow-up
were made after an individual evaluation of corneal to-
pographic parameters and visual acuity of each patient
and a discussion with the patient and the family. Only 1
eye with a progression of mean K/maximum K ≥1.00 D
experienced an associated loss of 2 or more lines of CDVA.

Progression was noted at the 1-year visit; however, no
additional treatment was performed because visual acuity
and topographic parameters were stable thereafter. In
other eyes, loss of CDVA was associated with either
a stable (increased or decreased <1.00 D) or decreased
(≥1 D) keratometry. Significant visual loss was defined as

Table 1. Comparison of refraction, visual acuity, and corneal topographic parameters between groups.

Preoperative 1 yr 3 yr 5 yr

n Mean ± SD n Mean ± SD n Mean ± SD n Mean ± SD

SE (D)

G1 30 �4.83 ± 3.85 30 �4.44 ± 3.57 29 �5.02 ± 3.71 22 �3.19 ± 2.16

G2 113 �3.07 ± 3.43 113 �3.18 ± 2.59 113 �3.31 ± 2.46 57 �2.86 ± 3.21

P value *.074 *.387 *.123 *.260

Astigmatism (D)

G1 30 �3.21 ± 2.07 30 �2.85 ± 1.39 29 �2.90 ± 1.67 22 �2.65 ± 1.53

G2 113 �3.16 ± 1.73 113 �2.51 ± 1.21 113 �2.59 ± 1.23 57 �2.17 ± 1.48

P value *.919 *.469 *.497 *.181

UDVA (logMAR)

G1 30 0.67 ± 0.40 30 0.59 ± 0.37 29 0.54 ± 0.47 22 0.57 ± 0.39

G2 113 0.59 ± 0.37 113 0.52 ± 0.33 113 0.50 ± 0.34 57 0.48 ± 0.32

P value †.309 †.326 †.563 †.277

CDVA (logMAR)

G1 30 0.46 ± 0.36 30 0.40 ± 0.32 29 0.31 ± 0.19 22 0.31 ± 0.23

G2 113 0.35 ± 0.29 113 0.33 ± 0.27 113 0.31 ± 0.29 57 0.28 ± 0.26

P value †.071 †.237 †.943 †.713

Sim K (D)

G1 30 48.40 ± 3.58 30 48.69 ± 3.57 29 48.61 ± 3.53 22 47.80 ± 3.27

G2 113 48.24 ± 3.54 113 48.24 ± 3.44 113 48.11 ± 3.39 57 47.48 ± 3.48

P value †.832 †.556 †.486 †.701

Kmax (D)

G1 30 56.80 ± 5.80 30 57.05 ± 6.17 29 56.65 ± 6.01 22 55.73 ± 5.74

G2 113 56.94 ± 6.21 113 56.58 ± 8.51 113 56.68 ± 6.38 57 55.36 ± 5.71

P value †0.914 †0.773 †0.985 †0.796

Pachymetry

(thinnest

point, µm)

G1 30 451 ± 44 30 453 ± 47 29 452 ± 49 22 463 ± 47

G2 113 459 ± 55 113 448 ± 61 113 448 ± 69 57 447 ± 52

P value †.434 †.685 †.772 †.213

Total HOA (RMS)

G1 30 2.77 ± 1.57 30 3.04 ± 1.96 29 2.72 ± 1.41 22 2.58 ± 1.33

G2 113 2.54 ± 1.52 113 2.53 ± 1.80 113 2.35 ± 1.39 113 2.35 ± 1.35

P value †.468 †.179 †.211 †.496

Coma (RMS)

G1 30 2.46 ± 1.50 30 2.44 ± 1.64 29 2.08 ± 1.36 22 2.15 ± 1.31

G2 113 2.17 ± 1.50 113 2.15 ± 1.63 113 2.50 ± 3.01 113 2.03 ± 1.23

P value †.340 †.397 †.467 †.693

SA (RMS)

G1 30 0.54 ± 0.52 30 0.65 ± 0.53 29 0.57 ± 0.58 22 0.51 ± 0.51

G2 113 0.47 ± 0.45 113 0.49 ± 0.56 113 0.46 ± 0.38 113 0.47 ± 0.45

P value †.482 †.096 †.237 †.699

Trefoil (RMS)

G1 30 0.81 ± 0.43 30 0.95 ± 0.95 30 0.57 ± 0.58 30 0.81 ± 0.51

G2 113 0.71 ± 0.41 113 0.72 ± 0.46 113 0.67 ± 0.42 113 0.73 ± 0.50

P value †.247 †.061 †.377 †.519

CDVA = corrected distance visual acuity; G1 = Group 1; G2 = Group 2; HOA = higher-order aberration; Kmax =maximum keratometry; logMAR = logarithm of
the minimum angle of resolution; n = number of eyes; RMS = root mean square; SA = spherical aberration; SE = spherical equivalent; Sim K = simulated
keratometry; UDVA = uncorrected distance visual acuity
*Mann-Whitney U test, 2-tailed P value.
†t test, 2-tailed P value.
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a loss of 2 or more lines of Early Treatment Diabetic
Retinopathy Study visual acuity.
A mild degree of diffuse corneal haze emerged a few

days after CXL in all eyes and resolved over time. No
patient had corneal melting, scarring, perforation, or herpes
simplex virus reactivation. No patient experienced a clini-
cally significant complication.

DISCUSSION
Although long-term results of conventional CXL in pedi-
atric and adult keratoconic patients have been published
after 10 years of follow-up visits,3,10 the longest follow-up of
accelerated crosslinking is only 3 years in pediatric

keratoconic patients.9 In this study, we evaluated the visual,
refractive, and topographic outcomes of pediatric kerato-
conic patients 5 years after treatment, who were treated
with 2 different (18 mW/cm2 UVA for 5 minutes or
30 mW/cm2 UVA for 4 minutes) accelerated CXL pro-
cedures. To our knowledge, this study is the longest follow-
up of accelerated CXL for pediatric keratoconus and
includes the highest number of patients.
According to the Global Consensus on Keratoconus and

Ectatic Diseases report, CXLmust be performed on pediatric
patients with keratoconus immediately after the diagnosis is
confirmed.11 Chatzis and Hafezi investigated the rate of
keratoconus progression (an increase in maximal

Table 2. Change over time relative to the respective baseline value (Group 1)

Baseline Year 1 Year 3 Year 5

n Mean ± SD n

Difference

± SD P Value* n

Difference

± SD P Value* n

Difference

± SD P Value*

UDVA

(logMAR)

30 0.67 ± 0.40 30 �0.08 ± 0.23 .056 29 �0.10 ± 0.39 .190 22 �0.05 ± 0.26 .348

CDVA

(logMAR)

30 0.46 ± 0.36 30 �0.06 ± 0.28 .224 29 �0.12 ± 0.27 .028† 22 �0.13 ± 0.19 .005†

Sim K (D) 30 48.40 ± 3.58 30 0.29 ± 1.18 .189 29 0.25 ± 1.07 .211 22 0.13 ± 1.10 .564

Kmax (D) 30 56.80 ± 5.80 30 0.26 ± 2.70 .608 29 0.16 ± 2.70 .745 22 �0.07 ± 1.51 .824

Pachymetry

(µm)

30 450.60 ± 44.17 30 2.67 ± 16.34 .379 29 1.21 ± 18.12 .722 22 1.32 ± 22.90 .790

Total HOA

(RMS)

30 2.77 ± 1.58 30 0.27 ± 1.18 .223 29 0.09 ± 0.79 .523 22 �0.15 ± 0.43 .131

Coma (RMS) 30 2.46 ± 1.50 30 �0.03 ± 0.60 .820 29 �0.26 ± 0.99 .172 22 �0.15 ± 0.42 .101

SA (RMS) 30 0.54 ± 0.52 30 0.10 ± 0.32 .080 29 0.04 ± 0.30 .524 22 0.01 ± 0.23 .863

Trefoil (RMS) 30 0.81 ± 0.43 30 0.14 ± 0.78 .342 29 �0.22 ± 0.69 .090 22 �0.01 ± 0.31 .945

CDVA = corrected distance visual acuity; D = diopters; HOA = higher-order aberration; Kmax = maximum keratometry; logMAR = logarithm of the minimum angle
of resolution; n = number of eyes; RMS = root mean square; SA = spherical aberration; Sim K = simulated keratometry; UDVA = uncorrected distance visual acuity
*Paired-samples t test (compared with baseline), 2-tailed P value.
†Statistically significant (p <0.05)

Table 3. Change over time relative to the respective baseline value (Group 2)

Baseline Year 1 Year 3 Year 5

n Mean ± SD n

Difference

± SD P Value* n Mean ± SD P Value* n

Difference

± SD P Value*

UDVA

(logMAR)

113 0.59 ± 0.37 113 �0.08 ± 0.23 .056 113 0.10 ± 0.39 .190 57 0.05 ± 0.26 .348

CDVA

(logMAR)

113 0.35 ± 0.29 113 �0.02 ± 0.18 .295 113 �0.04 ± 0.19 .017† 57 �0.04 ± 0.16 .063

Sim K (D) 113 48.24 ± 3.54 113 0.03 ± 0.75 .721 113 �0.13 ± 0.86 .110 57 �0.16 ± 0.97 .208

Kmax (D) 113 56.94 ± 6.21 113 �0.36 ± 5.56 .492 113 �0.26 ± 3.01 .363 57 �0.22 ± 2.02 .413

Pachymetry

(µm)

113 459.12 ± 54.85 113 �10.73 ± 23.03 <.005 113 �11.09 ± 32.18 <.005† 57 �8.61 ± 23.05 <.007†

Total HOA

(RMS)

113 2.54 ± 1.53 113 �0.01 ± 0.618 .877 113 �0.18 ± 0.48 <.005† 57 �0.21 ± 0.53 <.005†

Coma (RMS) 113 2.17 ± 1.50 113 �0.02 ± 0.45 .721 113 0.08 ± 2.38 1.730 57 �0.14 ± 0.53 <.045†

SA (RMS) 113 0.47 ± 0.45 113 0.01 ± 0.38 .829 113 �0.01 ± 0.27 .686 57 �0.01 ± 0.33 .827

Trefoil (RMS) 113 0.71 ± 0.41 113 0.01 ± 0.30 .835 113 �0.04 ± 0.27 .097 57 �0.01 ± 0.35 .991

CDVA = corrected distance visual acuity; D = diopters; HOA = higher-order aberration; Kmax = maximum keratometry; logMAR = logarithm of the minimum angle
of resolution; n = number of eyes; RMS = root mean square; SA = spherical aberration; Sim K = simulated keratometry; UDVA = uncorrected distance visual acuity
*Paired-samples t test (compared with baseline), 2-tailed P value.
†Statistically significant (p <0.05)
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keratometry of at least 1.00 D) in children younger than 18
years and found that 88% of the patients progressed within 1
year of diagnosis.2 In our study, we found that keratometric
progression rates were similar (23.3% vs 16.8% in Groups 1
and 2, respectively, P = .411) in both groups during 3- to
5-year follow-up visits. The definition of progression was
similar to Chatzis and Hafezi.2 Caporossi et al. reported
outcomes after CXL in children.12 Seventy-seven eyes were
available for analysis at 3 years after CXL. They reported that
CXL stabilized the progression of keratoconus in all cases.
This is consistent with the results of Uçakhan et al. who
reported that there was no progression in any eye 4 years
after CXL.13 By contrast, Chatzis and Hafezi reported that
the effect of crosslinking may not be long-lasting.2 Also,
Godefrooij et al. reported that progression occurred in 22%
of eyes by the last follow-up visit, despite standard CXL.14

Mazzotta et al. reported the longest follow-up after standard
CXL.10 The overall 10-year follow-up progression rate was
found to be 24%, including 13 eyes (from 9 patients) with
maximumK progression over 1.00 D and 2 eyes of 2 patients
who underwent corneal grafting.
Sarac et al. compared the 24-month results of the ac-

celerated and standard CXL in pediatric keratoconic pa-
tients and reported that the progression rate was 13.1% in
the standard group and 16.3% in the accelerated group.8

Conversely, the only other study that compares accelerated
and standard CXL in pediatric keratoconic patients reports
that there were no cases in which keratoconus progressed
during the 36-month follow-up.9 In contrast to our
study results, and in contrast to standard CXL results in
children, Ulusoy et al., Badawi et al., and Eissa et al. report
that in no cases did keratoconus progress after accelerated
CXL.6,7,9,10,14 However, these studies have relatively short
follow-up time points and used only small number of
patients compared with our study. Our progression results
are similar in both groups and are in agreement with
Godefrooij et al. and Mazzotta et al. who performed the
standard procedure of accelerated crosslinking and used
a follow-up time point that was long enough to make
a comparison with our results after the accelerated
CXL.10,14

In addition to halting the progression of keratoconus,
CXL may also induce a decrease in the irregularity and
HOAs, pachymetry and keratometry, and an increase in
CDVA.3,4,8,15–17 The primary goal of CXL is to stabilize the
cornea rather than to improve its shape; however, a re-
duction in the keratometric values may be used to assess the
efficacy of the procedure. In this study, we found that the
mean reductions in mean K and maximum Kwere less than
0.25 D in both groups, and the differences were not sta-
tistically significant. However, this does not mean that these
CXL protocols did not induce keratometric flattening be-
cause this study group included patients with both steep-
ened (keratoconus progression) and flattened corneas,
which have the opposite effect on the mean. In fact,
maximum K flattened ≥1.00 D in 20.0% and 33.6% of the
eyes in Group 1 and Group 2, respectively. In a randomized
controlled trial of CXL, Wittig-Silva et al. reported that
maximum K flattened approximately 1.00 D at the 3-year
follow-up visit after the standard CXL.18 Studies with ac-
celerated CXL in pediatric patients have follow-up visits
that extend to only 3 years (so far) and report a mean
flattening of 1.00 D or more at the last follow-up visit.4–9

However, all these other studies, except for Ozgurhan et al.,
used an accelerated CXL protocol with lower irradiances
(9 mW/cm2) and higher UVA application times (10 mi-
nutes) compared with this study (30 and 18 mW/cm2 in
Groups 1 and 2, respectively).4–9 Previous work has shown
that the efficacy of CXL decreases when irradiances that are
higher than 10 mW/cm2 are used. This is due to the im-
balance between the conversion and replenishment of
oxygen molecules.19–21 Thus, it is not surprising to see
a lower overall effect of CXL on corneal topography in our
patient groups. In this study, mean K and/or maximum K

Figure 2. (A) Change in mean K after treatment. (B) Change in
maximum K after treatment (Sim-K = simulated keratometry).

Figure 3. Loss of corrected distance visual acuity during the last
follow-up visit.
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decreased ≥2.00 D in 6.7% and 21.2% of the eyes in Groups
1 and 2, respectively, and this difference is near the
threshold for statistical significance (P = .06). Although
they did not reach statistical significance, we observed
a higher reduction in mean K, maximum K, pachymetry,
total HOA, and coma in Group 2, when compared with
Group 1. In addition, a longitudinal (within-group)
comparison revealed a statistically significant reduction
in total HOA, coma, and pachymetry in Group 2, but not in
Group 1. In agreement with this result, Sarac et al. and
Ozgurhan et al. found a statistically significant regression in
total HOA and coma in pediatric patients treated with
accelerated CXL 24 months after treatment.4,8

In our study, the overall effect of CXL on corneal to-
pography (decrease in keratometry measurements) was
more striking in Group 2, and it is near the threshold for
statistical significance (P = .06). However, progression rates
were similar in both groups during 3- to 5-year follow-up
visits. When evaluating the results in this study, it should be
considered that less CXL may still be enough to halt the
progression of keratoconus. In other words, more CXL and
its corresponding effects on corneal topography may not
translate into a further decrease in the progression rate. The
retrospective nature of this study is its main limitation, and
this prevents us from taking more patients into the study to
achieve more power. This issue can be addressed only with
prospective controlled studies with different treatment arms.
A mild degree of diffuse corneal haze emerges a few

days after CXL in all eyes and resolves over time. In
addition, some patients suffer from localized dense haze
or scarring that persists and can decrease visual acuity.
However, these 2 words—haze and scar—are sometimes
used interchangeably in the literature, and the distinction
is not clear.22,23 The effect of the opacity (haze or scar)
depends on its location, severity, and the corresponding
change in topography.24 Usually, localized dense opac-
ities and the corresponding topographic changes also
fade within the first year.6,25 In agreement with Wittig-
Silva et al., we observed a diffuse corneal haze in all eyes
a few days after the CXL procedure and all of them
resolved over time.18 In agreement with previous work,
none of the eyes had a clinically significant haze at the
1-year follow-up visit or later.4–7,14,18,25 No patient had
corneal melting, scarring, or perforation; also, there was
no herpes simplex virus reactivation or any other clin-
ically significant complication.
In conclusion, we find that both protocols for accelerated

CXL halted the progression of keratoconus in the majority
of pediatric patients for up to 5 years after treatment.
Although the clinical results, visual acuities, and pro-
gression rates were similar in both groups and are com-
parable with other accelerated and standard protocols, our
study results demonstrate that the accelerated protocol,
with 5 minutes of 18 mW/cm2 irradiance, has a greater
potential to affect the corneal topographic indices when
compared with 4 minutes of the 30 mW/cm2 protocol. Both
protocols have a lower potential when compared with 10
minutes of 10 mW/cm2 or the standard protocol.

WHAT WAS KNOWN
� The standard protocol of crosslinking (CXL) with an irradiance

of 3 mW/cm2 for 30 minutes effectively halts the progression
of keratoconus in the majority of pediatric patients.

� The long-term effectiveness of higher irradiances combined
with lower application times (accelerated CXL) is not well
established in pediatric patients.

WHAT THIS PAPER ADDS
� The accelerated CXL procedure, with an irradiance of 30

mW/cm2 for 4 minutes or an irradiance of 18 mW/cm2 for 5
minutes, halts the progression of keratoconus in the majority
of pediatric patients for up to 5 years.

� An increased irradiance combined with a reduced application
time reduces the topographic effects of corneal CXL.
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