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ABSTRACT

Introduction: To compare the results of an
accelerated corneal cross-linking (CXL) protocol
(9 mW/cm2, 10 min) with the standard CXL
protocol (3 mW/cm2, 30 min) in patients with
Down syndrome (DS) who have keratoconus
(KC).

Methods: Twenty-seven 10- to 20-year-old
patients with DS who had bilateral progressive
KC were enrolled in a contralateral randomized
trial and completed 2 years of follow-up exam-
inations. Fellow eyes were randomly allocated
to the accelerated CXL group or the standard
CXL group. The main outcome measure was
change in maximum keratometry (Kmax) cen-
tered on the steepest point (zonal Kmax - 3 mm)
with a non-inferiority margin of 1.0 diopter (D).
Vision and refraction tests, ophthalmic exami-
nations, and corneal tomography were per-
formed at baseline and at 6, 12, and 24 months
after CXL. Failure was defined as an increase of
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C 1.0 D in zonal Kmax - 3 mm within a
12-month period.
Results: The mean age (± standard deviation)
of the patients was 15.71 ± 2.40 years. The
within-group change in zonal Kmax - 3 mm was
not significant after 2 years in either group, and
within-group zonal Kmax - 3 mm remained
stable. At 2 years after CXL, the mean change in
the zonal Kmax - 3 mm was – 0.02 ± 0.81 D and
– 0.31 ± 0.86 D in the accelerated CXL and
standard CXL groups, respectively (P = 0.088).
At 1 year of follow-up, three patients in the
accelerated CXL group showed treatment fail-
ure (mean change in zonal Kmax - 3 mm ? 2.12
± 0.11 D); no patients in the standard CXL
group showed treatment failure. At 2 years of
follow-up, these three patients showed a
decrease of – 0.43 ± 0.18 D in zonal Kmax

- 3 mm from a baseline value of 55.11 ± 0.32 D.
The 2-year trends of the inferior–superior
asymmetry and vertical coma were statistically
significantly different between the two groups,
with the accelerated CXL protocol showing
superiority in patients with higher baseline
values.
Conclusion: In young patients with Down
syndrome, the accelerated CXL protocol was
able to halt disease progression and may be an
alternative for the standard CXL protocol. In
advanced KC, the efficacy of the accelerated
approach was delayed and appeared later in the
follow-up. In asymmetric cornea, the acceler-
ated CXL resulted in centralization of the cor-
neal cone.
Trial Registration: Iranian Registry of Clinical
Trials, IRCT20100706004333N3

Keywords: Accelerated cross-linking; Down
syndrome; Keratoconus; Randomized
contralateral trial

Key Summary Points

Why carry out this study?

The incidence of keratoconus (KC) is
sixfold higher in patients with Down
syndrome (DS) than in the general
population.

Results from case reports on patients with
DS who had KC and were treated with the
standard corneal cross-linking (CXL)
protocol are controversial, but to date the
accelerated CXL protocol has not been
evaluated in this patient population.

What was learned from the study?

In young patients with DS, the accelerated
protocol could halt disease progression.

In advanced KC, the efficacy of the
accelerated approach was delayed and
appeared later in the follow-up.

In asymmetric cornea, the accelerated
CXL protocol resulted in centralization of
the corneal cone.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12933461.

INTRODUCTION

The incidence of keratoconus (KC) is sixfold
higher in patients with Down syndrome (DS)
than in the general population [1]. In these
patients, corneal cross-linking (CXL) is the pre-
ferred treatment for stopping disease progres-
sion and improving vision and quality of life
[2]. Multiple meta-analyses have demonstrated
the safety and efficacy of standard and acceler-
ated CXL for the treatment of progressive KC
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[3–6], but studies in patients with DS are lim-
ited. The authors of one study on two cases
suggested that standard CXL in these patients
could prevent disease progression; however, one
of the patients developed an infectious corneal
ulcer [7]. Soeters et al. [8] reported accept-
able 1-year results with standard CXL (per-
formed under local anesthesia) in seven eyes.
Sabti et al. [9] also reported desirable 3-year
results using the standard CXL protocol in a
4-year-old girl. Faschinger et al. [10] described
corneal melting after CXL in a patient with DS.
Accelerated CXL protocols have the advantage
of reducing surgical time, and shorter treat-
ments are less demanding of resources and less
stressful for patients. However, to our knowl-
edge, no study has yet compared the efficacy of
the standard protocol (3 mW/cm2, 30 min) with
the accelerated protocol (9 mW/cm2, 10 min) in
patients DS, which is the main objective of this
study.

METHODS

Study Design

This non-inferiority, contralateral, and ran-
domized trial was conducted at Noor Eye
Hospital in Tehran following the principles of
Good Clinical Practice. The non-inferiority
design was chosen to test the hypothesis that
the accelerated CXL protocol is equally effective
(or not unacceptably less effective) as the stan-
dard CXL procedure in patients with DS at 2
years after the procedure. The study protocol is
shown in Electronic Supplementary material
file.

Patients and Sampling

Cases were identified through a population-based
study in which 250 patients with DS were
recruited [11]. The diagnosis of DS, as indicated in
their medical records, was confirmed by kary-
otype testing. Of those recruited, all patients with
DS between the ages of 10 and 20 years who also
had bilateral KC were considered for enrollment.
Those patients aged B 14 years underwent CXL

immediately after enrollment, in accordance with
national guidelines that take into account the
rapid progression of this disease. Those patients[
14 years of age were monitored for progression
every 6 months, up to 18 months. Inclusion cri-
teria for this group was (1) the diagnosis of pro-
gressive KC defined as C 1.0 diopter (D) increase
in zonal maximum keratometry (Kmax) in a 3-mm
zone around the steepest point (zonal Kmax

- 3 mm) [11]; (2) C 2.0% decrease in minimum
corneal thickness (MCT), or an increase of C 1.0
D in refractive astigmatism, within a 12-month
period [12]. Exclusion criteria were having any
concurrent intellectual or mental disorder, such
as Klinefelter syndrome and autism, or any con-
traindication for surgery and anesthesia.

Randomization

A balanced block randomization with a block
size of 4 was used in this study, such that the
right eye of each patient was randomly allo-
cated to one protocol, and the left eye was
assigned to the other protocol. To maintain
concealment of treatment allocation, random-
ization was performed by one person (SA) other
than the surgeons. The surgeons were masked
to treatment allocation until the time of sur-
gery. The statistician (HZ) and ophthalmic
healthcare providers who performed the study
tests were also blinded to treatment allocation
throughout the study.

Examinations

Since CXL was to be performed under general
anesthesia, all patients were examined by a
cardiologist and an anesthesiologist, and bio-
chemistry and hematology laboratory tests were
run. Vision and ophthalmic examinations were
performed at baseline, and at 6, 12, and
24 months after the CXL procedure. In addition
to slit lamp (Haag-Streit, Mason, OH, USA)
examinations, the subjects were tested for
uncorrected and corrected distance visual acuity
(UDVA and CDVA, respectively) using the
Snellen SC-2000 visual measurement system
(Nidek Inc., Tokyo, Japan), refractive astigma-
tism by retinoscopy (ParaStop HEINE BETA 200;
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HEINE Optotechnik, Herrsching, Germany),
and tomography using the Pentacam HR high-
resolution rotating Scheimpflug camera system
(Oculus Optikgeräte GmbH, Wetzlar, Ger-
many). All tests were performed between 8 am
and 12 noon. Imaging was repeated, if neces-
sary, until an acceptable quality (minimum
valid data: 93.0%) was acquired. If more than
three attempts were needed, another appoint-
ment was scheduled for 2–3 days later to avoid
participant fatigue and measurement error. The
same optometrist performed the baseline and
post-CXL tests with each device.

The indices extracted from the Pentacam
system were maximum keratometry in the
3 mm zone around the point of maximum ker-
atometry (zonal Kmax - 3 mm), MCT, infe-
rior–superior asymmetry (I–S value), anterior
and posterior elevation at the apex and thinnest
point, anterior (ARC) and posterior (PRC) radius
of curvature centered on the thinnest point,
and anterior vertical coma.

Outcomes

The main outcome measure was an inter-group
difference of B 1.0 D in zonal Kmax - 3 mm.
Secondary outcomes were 6-, 12-, and 24-month
changes in UDVA, CDVA, refractive astigmatism,
and tomographic indices. Based on the main
outcome measure, failure was defined as a C 1.0 D
increase in zonal Kmax - 3 mm.

Interventions

All CXL procedures were performed under gen-
eral anesthesia to standardize treatment condi-
tions in a patient group with variable tolerance
for CXL under local anesthesia. CXL was per-
formed by two surgeons with similar skill and
experience in performing the procedure (KA and
MS). In both groups, after inducing general
anesthesia, the central 9.0-mm epithelium was
removed manually using a hockey knife. After
removing the lid speculum, VibeX Rapid ribo-
flavin 0.1% (Avedro Inc., Waltham, MA, USA)
was instilled five times at 3-min intervals to soak
the cornea, and those with a baseline pachy-
metry of \ 400 lm were hydrated with sterile

distilled water. Following anterior chamber sat-
uration with riboflavin, the KXL System (Avedro
Inc.) was used to deliver UV light onto the cor-
nea at 3 mW/cm2 for 30 min in the standard
CXL group and at 9 mW/cm2 for 10 min in the
accelerated CXL group. Riboflavin instillation
was repeated every 5 min during irradiation.
After this step, the corneal surface was rinsed
with balanced saline solution, a soft bandage
contact lens (Ciba Vision, Duluth, GA) was
placed on the eye, and one drop of levofloxacin
(Sina Darou, Tehran, Iran) was instilled. Patients
were monitored in the hospital until vital signs
were stabilized. Postoperative treatment inclu-
ded levofloxacin eye drops four times daily,
betamethasone 0.1% (Sina Darou) four times
daily, and preservative-free artificial tears
(Hypromellose) as needed. Parents were advised
to take precautions against eye rubbing. Patients
were examined on days 1 and 3 after the CXL
procedure, and the bandage contact lens was
removed if re-epithelialization was observed. If
re-epithelialization was not observed by the third
day, daily visits were continued until re-epithe-
lialization was complete. After removal of the
contact lens, levofloxacin was discontinued, and
betamethasone 0.1% was continued for one
more week. No complications were observed
during or after the procedure in any of the
patients. The CXL protocol details are shown in
Electronic Supplementary material table.

Statistical Analysis

Given that the main effect of CXL is corneal
flattening, zonal Kmax - 3 mm was considered
to be the main outcome measure. Taking into
account the contralateral design of the study,
we calculated the sample size as n = 27 bilateral
cases using:

ðZ1�a þ Z1�b=2Þ2 � r2=d2;

where the non-inferiority margin or delta (d)
was calculated as 1.0 with a standard deviation
(r) of a 1.2 D reduction in zonal Kmax - 3 mm
[11] for the null hypothesis, a = 0.0167 (0.05
divided by 3 for pre- and post-CXL measure-
ments) and b = 0.05 (power = 95%).
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Analyses were performed using R package
version 3.5.2 (R Foundation for Statistical
Computing, Vienna, Austria). A linear random
mixed-effect model was used to compare the
2-year trends between the groups. The analyses
focused on examining the correlation between
fellow eyes and the follow-up times in an
autoregressive correlation matrix, and baseline
values of indices were entered into the model as
covariates. Within-group changes were tested
with repeated measures analysis of variance.
The analysis approach was intention-to-treat.
Refractive astigmatism was analyzed using the
Alpins method [13]. The level of significance
was set at 0.0167 for all main and secondary
outcome indices.

Ethical Considerations

The goals and methods of the study were
explained to the parents in the presence of the
patients; signed informed consents were
obtained from parents before enrollment into
the study, and verbal assent was obtained from
patients before every procedure. The study
adhered to the tenets of the Declaration of
Helsinki of 1964 and its later amendments.
Approval for this study was obtained from the
Ethics Committee of Tehran University of
Medical Sciences (ID: IR.TUMS.MEDICI-
NE.REC.1397.091), National Institute for Medi-
cal Research Development
(IR.NIMAD.REC.1398.03), and the Iranian Reg-
istry of Clinical Trials, a member of the WHO
Registry Network under registration number
IRCT20100706004333N3.

RESULTS

Twenty-seven patients with DS who had bilat-
eral progressive KC were included in the study.
A flow diagram of the enrollment procedure is
shown in Electronic Supplementary Material
Fig. 1. The mean age of the sample was
15.78 ± 2.46 (range 11–19) years, and 55.6%
were male. Three patients were under 14 years
of age, and the CXL procedure was performed
immediately after the initial diagnosis in these
three patients. All participants underwent all

examinations during the 2-year follow-up, and
no patient was lost to follow-up. Baseline vision
tests were not successfully completed for six
patients, and three patients had missing refrac-
tion data.

Main Outcome

Baseline zonal Kmax - 3 mm was not statistically
significantly different between the two groups
(48.90 ± 3.12 D for the accelerated CXL group
and 48.97 ± 3.04 D for the standard CXL group;
P = 0.988). At 2 years after CXL, the change
zonal Kmax - 3 mm was – 0.02 ± 0.81D in the
accelerated group (P = 0.156) and
- 0.31 ± 0.86D in the standard group
(P = 0.446); the inter-group difference in 2-year
change was not statistically significant
(P = 0.088) (Fig. 1).

Secondary Outcomes

The studied indices measured at baseline and at
6, 12, and 24 months after the CXL procedure
are summarized in Table 1. At baseline, only the
I–S value (P\0.001), anterior elevation at the
thinnest point (P\0.001), and anterior vertical
coma (P\0.001) were significantly different
between the two groups, with higher values in
the accelerated CXL group.

At 2 years after CXL, significant within-
group changes were observed only in the
accelerated group, with changes in the I–S value
(- 0.66 ± 0.73 D; P\ 0.001), PRC
(- 0.13 ± 0.15 mm; P = 0.016), and anterior
vertical coma (- 0.20 ± 0.17 lm; P\0.001).
The inter-group difference in 2-year changes in
the I–S value (P = 0.008), PRC (P = 0.003), and
anterior vertical coma (P\0.001) were statisti-
cally significant. None of the other indices
showed significant differences within or
between the groups (all P[0.0167).

Complications

At 1 year after CXL, mean change in zonal Kmax

- 3 mm was ? 2.12 ± 0.11 D in the subgroup of
failed cases in the accelerated group (n = 3
patients, 11.1%). No treatment failure was
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observed in the standard group. At 2 years after
CXL, no treatment failure was detected in either
group, and the three patients for whom treat-
ment failed showed a mean change of
- 0.43 ± 0.18 D in zonal Kmax - 3 mm. Table 2
presents the baseline values of zonal Kmax

- 3 mm and its changes in these two subgroups
(failed and success cases) of each group.

No case of endothelial edema, corneal
infection, scarring, or epithelial healing prob-
lems were observed in follow-up examinations.

DISCUSSION

The cornea in patients with DS has a different
structure than that in persons without DS, and
even in the absence of pathologies, it can be
thinner and steeper [14]. The reported preva-
lence of KC is also higher in these patients
compared to normal subjects [1]. Despite the
risk of certain complications, CXL can effec-
tively prevent disease progression, depending
on appropriate patient selection.

Few published studies have reported the
results of CXL in patients with DS. In the study
by Soeters et al. [8], the 1-year single-point Kmax

reduction was 0.22 D in the seven eyes treated

with standard CXL, and in the case study by
Sabti et al. [9] the reduction was 0.8 D in one
eye and 1.3 D in the fellow eye. In their review
article, Perez-Straziota et al. [15] reported that
single-point Kmax declined from 1.8 to 0.5 D 1
year after standard CXL in normal patients
under 18 years of age. Single-point Kmax reduc-
tions of 1.2 D [15] and 0.7 D [16] have also been
reported after accelerated CXL. It would appear
that CXL protocols in individuals with DS have
a smaller flattening effect as those in individuals
without DS in the same age group. In our
patient group, based on a non-inferiority mar-
gin of 1.0 D for zonal Kmax - 3 mm, the inferi-
ority of accelerated CXL compared to the
standard protocol was rejected, and the two
protocols were not clinically different, espe-
cially in long-term follow-up.

Based on the 2-year results of our study,
zonal Kmax - 3 mm was decreased by 0.02 D in
the accelerated CXL group and by 0.31 D in the
standard CXL group. In the accelerated CXL
group, zonal Kmax - 3 mm had increased by
0.06 D at 1 year of follow-up and decreased by
0.04 D at 2 years of follow-up (average 0.02 D
decrease). At 1 year after CXL, three patients
were identified with treatment failure; these

Fig. 1 Trend of 2-year change in maximum keratometry
(Kmax) centered on the steepest point (zonal Kmax

- 3 mm) after accelerated corneal cross-linking (CXL; 9

mW/cm2, 10 min) and standard CXL (3 mW/cm2,
30 min) in patients with Down syndrome who have
bilateral keratoconus. D Diopter M month of follow-up
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patients showed improvement in the second
year, with all three showing flattening by the
end of the second year. No intervention was
done for these patients experiencing treatment
failure after the first year, and they were only

monitored. As Table 2 demonstrates, patients
who failed treatment had a higher baseline
zonal Kmax - 3 mm (55.1 D) and were older
(17.3 years) than those for whom treatment was
successful. These results show that the

Table 1 Two-year results of accelerated and standard corneal cross-linking in 27 patients with Down syndrome who have
bilateral keratoconus

Secondary outcomes CXL

protocol

Pre-operative

value

Post-operative (follow-up) value Two-year

change

P valuea

6 months 12 months 24 months

UDVA (logMAR) Accelerated 0.41 ± 0.26 0.40 ± 0.17 0.41 ± 0.22 0.47 ± 0.20 ? 0.06 ± 0.17 0.118

Standard 0.42 ± 0.20 0.50 ± 0.21 0.47 ± 0.18 0.58 ± 0.17 ? 0.16 ± 0.17

CDVA (logMAR) Accelerated 0.23 ± 0.13 0.27 ± 0.14 0.27 ± 0.21 0.32 ± 0.24 ? 0.09 ± 0.13 0.686

Standard 0.34 ± 0.14 0.34 ± 0.05 0.32 ± 0.08 0.42 ± 0.18 ? 0.07 ± 0.22

Refractive astigmatism (D) Accelerated 2.29 ± 1.79 2.89 ± 3.63 2.06 ± 2.52 2.65 ± 3.59 ? 0.22 ± 2.56 0.631

Standard 2.50 ± 2.04 2.84 ± 1.73 2.45 ± 2.33 1.84 ± 1.95 – 0.57 ± 2.83

MCT (lm) Accelerated 501.67 ± 32.54 501.33 ± 32.55 502.11 ± 36.40 505.11 ± 42.70 ?3.44 ± 15.60 0.589

Standard 495.67 ± 37.98 490.78 ± 32.98 493.78 ± 42.60 500.78 ± 39.99 ?5.11 ± 22.87

I–S value (D) Accelerated 2.60 ± 1.47 2.13 ± 1.90 1.99 ± 1.87 1.95 ± 1.75 – 0.66 ± 0.73* 0.008

Standard 1.58 ± 1.59 1.79 ± 2.06 1.54 ± 1.86 1.70 ± 1.51 ? 0.12 ± 1.64

Ant. elev. at thinnest point

(lm)

Accelerated 12.11 ± 8.17 9.78 ± 9.35 11.00 ± 8.81 10.44 ± 9.49 – 1.67 ± 5.76 0.710

Standard 9.33 ± 6.19 9.78 ± 8.62 8.89 ± 7.65 7.22 ± 7.06 – 2.11 ± 5.23

Post. elev. at thinnest point

(lm)

Accelerated 21.22 ± 16.37 21.44 ± 17.34 22.89 ± 16.16 24.67 ± 20.44 ?3.44 ± 8.57 0.038

Standard 20.00 ± 12.95 21.56 ± 13.39 21.44 ± 17.53 20.00 ± 14.29 ? 0.00 ± 8.01

Ant. elev. at apex (lm) Accelerated 5.22 ± 1.85 4.56 ± 4.53 5.33 ± 3.96 5.89 ± 3.20 ? 0.67 ± 2.09 0.042

Standard 4.87 ± 2.84 5.67 ± 3.63 4.89 ± 3.31 3.74 ± 3.55 – 1.04 ± 3.98

Post. elev. at apex (lm) Accelerated 6.22 ± 4.87 7.56 ± 6.54 8.89 ± 7.20 7.67 ± 6.06 ?1.44 ± 3.53 0.751

Standard 6.78 ± 5.78 9.33 ± 8.81 8.22 ± 7.38 8.44 ± 7.64 ?1.67 ± 3.29

ARC (mm) Accelerated 7.03 ± 0.46 7.14 ± 0.59 7.14 ± 0.57 7.11 ± 0.54 ? 0.08 ± 0.12 0.026

Standard 7.07 ± 0.40 7.11 ± 0.53 7.12 ± 0.56 7.21 ± 0.56 ? 0.15 ± 0.24

PRC (mm) Accelerated 5.72 ± 0.48 5.63 ± 0.51 5.64 ± 0.50 5.59 ± 0.58 – 0.13 ± 0.15* 0.003

Standard 5.65 ± 0.47 5.62 ± 0.48 5.61 ± 0.59 5.61 ± 0.52 – 0.04 ± 0.24

Ant. vertical coma (lm) Accelerated 0.83 ± 0.57 0.69 ± 0.69 0.65 ± 0.73 0.68 ± 0.55 – 0.20 ± 0.17* < 0.001

Standard 0.62 ± 0.44 0.65 ± 0.66 0.71 ± 0.59 0.63 ± 0.63 ? 0.06 ± 0.37

Values are presented as the mean ± standard deviation (SD)

Ant. Elev. Anterior elevation, ARC anterior radius of curvature centred on thinnest point, CDVA corrected distance visual acuity, CXL corneal cross-

linking, I–S inferior–superior asymmetry, MCT minimum corneal thickness, Post. Elev. posterior elevation, PRC posterior radius of curvature centred on

thinnest point, UDVA Uncorrected distance visual acuity,

*Significantly intra-group changes at P\ 0.0167 (significance level set for all main and secondary outcome indices)
a Comparison of 2-year change in indices by linear mixed-effect model adjusted for baseline values and correlation of two groups and follow up times
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accelerated CXL protocol seems to have had a
delayed effect in these patients. In the standard
CXL group, the decrease was 0.10 D during the
first year and 0.20 D in the second year. Our
results indicate that longer follow-ups are nee-
ded to examine the possibly delayed effect of
the accelerated CXL protocol.

Overall, in our study, the 1-year treatment
failure rate (based on C 1.0 D increase in zonal
Kmax - 3 mm) was 11.1% in the accelerated CXL
group and 0.0% in the standard group. The
reported failure rate in similarly aged patients
without DS is 15.4% [16] with the accelerated
CXL protocol and 23.1% [16, 17] with the
standard CXL protocol. From these results it
would appear that the accelerated protocol has
a lower flattening effect and lower failure rate in
patients with DS. It should be noted that the
single-point Kmax was used in the mentioned
studies, and not the zonal Kmax - 3 mm.

The CDVA in both CXL groups decreased by
about 1 Snellen line. In a meta-analysis of KC
progression in subjects without DS, Ferdi et al.
[18] showed that CVDA can decrease by 0.004
logMAR in 1 year, but this change was not

statistically significant. In other words, the
change is not due to disease progression and
can be attributed to measurement repeatability.
Given the subjectivity of the parameter and its
dependence on the examiner and examinee,
such observations can be expected. In patients
with DS, measurement repeatability could be
significantly reduced, but to our knowledge, no
study has yet been performed that would help
distinguish the contribution of repeatability
from the success/failure of the procedure.
Comparison of CDVA changes in our patients
with DS with a sample of patients without DS
[16] suggests that even with the standard CXL
protocol, there is less improvement in patients
with DS(0.06 vs. 0.14 logMAR). Given the level
of concentration and cognitive ability of
patients with DS and the subjectivity of the test,
this difference is quite expected.

The I–S value, which is an index of the
average power difference between the superior
and inferior cornea, decreased in the accelerated
CXL group (0.66 ± 0.73 D), with a significantly
higher value at baseline and increased in the
standard group (0.12 ± 1.64 D) after 2 years. In

Table 2 Zonal maximum keratometry at 3 mm around the steepest point based on outcome subgroups in patients with
Down syndrome who have bilateral keratoconus

Zonal Kmax 2 3 mm Accelerated CXL procedure Standard CXL procedure

Failure Success Failure Success

No of cases (%) 3 (11.1%) 24 (88.9%) 0 (0.0%) 27 (100.0%)

Age, mean (years) 17.33 ± 0.58 15.60 ± 2.55 – 15.78 ± 2.49

Baseline

Mean value (D) 55.11 ± 0.32 48.12 ± 2.31 – 48.97 ± 3.04

Range (D) 54.99–55.11 44.78–51.20 – 44.23–53.47

First year follow-up

Mean value (D) 57.23 ± 0.24 47.92 ± 2.75 – 48.87 ± 3.05

Mean change (D) ?2.12 ± 0.11 – 0.20 ± 0.55 – – 0.10 ± 0.84

Second year follow-up

Mean value (D) 56.80 ± 0.16 47.89 ± 2.76 – 48.67 ± 3.22

Mean change (D) – 0.43 ± 0.18 – 0.03 ± 0.23 – – 0.20 ± 0.43

Mean values are given as the mean ± SD
Zonal Kmax - 3 mm Maximum keratometry (Kmax) centered on the steepest point
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the study by Magli et al. [19], the Epi-Off group
of patients without DS and aged \ 18 years
showed a decrease from 7.40 ± 0.7 to
6.84 ± 1.1 (0.54D decrease). To our knowledge,
there is no published study on the repeatability
of the measurements for this index. According
to 2-year changes in the anterior vertical coma
in our study, the decrease in the I–S value in the
accelerated CXL group can be attributed to the
centralization of the corneal cone.

The strength of this study is its randomized
design in patients with DS who had bilateral
KC; to our knowledge, this study is the first of
this kind. However, having a larger sample size
for the central and peripheral KC subgroups
would have allowed for more accurate compar-
isons between the two protocols. Another limi-
tation is the relatively small sample size and the
low power of comparisons; also Bonferroni
corrections, which are recommended for mul-
tiple comparisons, were not done to avoid fur-
ther power reduction. The goal was to maintain
a minimum power of 95% for the main out-
come measure. Nonetheless, it should be noted
that adjusting the P values and reducing power
would generate the same results, thereby con-
firming the comparability of the two CXL
approaches.

CONCLUSION

Overall, based on the observed changes in the
studied indices, in DS patients under 20-years
old, both standard and accelerated CXL proto-
cols can halt disease progression. In more
advanced cases of KC, the efficacy of the accel-
erated approach seems to be postponed until
the second year. Also, in cases with higher I–S
value and vertical coma, the accelerated proto-
col resulted to the centralization of the corneal
cone.
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GmbH, Germany. Renato Ambrosio Jr is also a
member of the journal’s Editorial Board. Hassan
Hashemi, Kazem Amanzadeh, Mohammad
Seyedian, Hojjat Zeraati, Shiva Mehravaran, and
Soheila Asgari have nothing to declare.

Compliance with Ethics Guidelines. The
goals and methods of the study were explained
to the parents in the presence of the patients;
signed informed consents were obtained from
parents before enrollment into the study, and
verbal assent was obtained from patients. The
study adhered to the tenets of the Declaration
of Helsinki of 1964 and its later amendments.
Approval for this study was obtained from the
Ethics Committee of Tehran University of
Medical Sciences (ID:IR.TUMS.MEDICI-
NE.REC.1397.091), National Institute for Medi-
cal Research Development
(IR.NIMAD.REC.1398.03), and the Iranian Reg-
istry of Clinical Trials, a member of the WHO
Registry Network under registration number
IRCT20100706004333N3.

Ophthalmol Ther (2020) 9:1011–1021 1019



Data Availability. The datasets generated
during and/or analyzed during the current
study are available from the corresponding
author on reasonable request.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Woodward MA, Blachley TS, Stein JD. The associa-
tion between sociodemographic factors, common
systemic diseases, and keratoconus: an analysis of a
nationwide heath care claims database. Ophthal-
mology. 2016;123:457–65.

2. Hashemi H, Seyedian MA, Miraftab M, Fotouhi A,
Asgari S. Corneal collagen cross-linking with ribo-
flavin and ultraviolet A irradiation for keratoconus:
long-term results. Ophthalmology. 2013;120:
1515–20.

3. Wen D, Li Q, Song B, Wang Q, et al. Comparison of
standard versus accelerated corneal collagen cross-
linking for keratoconus: a meta-analysis. Invest
Ophthalmol Vis Sci. 2018;59:3920–31.

4. Liu Y, Liu Y, Zhang Y-N, et al. Systematic review and
meta-analysis comparing modified cross-linking
and standard cross-linking for progressive kerato-
conus. Int J Ophthalmol. 2017;10:1419–29.

5. Shajari M, Kolb CM, Agha B, et al. Comparison of
standard and accelerated corneal cross-linking for

the treatment of keratoconus: a meta-analysis. Acta
Ophthalmol. 2019;97:e22–35.

6. Miraftab M, Hashemi H, Abdollahi M, Nikfar S,
Asgari S. The efficacy of standard versus accelerated
epi-off corneal cross-linking protocols: a systematic
review and sub-group analysis. Int Ophthalmol.
2019;39:2675–83.

7. Koppen C, Leysen I, Tassignon MJ. Riboflavin/UVA
cross-linking for keratoconus in Down syndrome.
J Refract Surg. 2010;26:623–4.

8. Soeters N, Bennen E, Wisse RPL. Performing cor-
neal crosslinking under local anesthesia in patients
with Down syndrome. Int Ophthalmol. 2018;38:
917–22.

9. Sabti S, Tappeiner C, Frueh BE. Corneal cross-link-
ing in a 4-year-old child with keratoconus and
down syndrome. Cornea. 2015;34:1157–60.

10. Faschinger C, Kleinert R, Wedrich A. Corneal
melting in both eyes after simultaneous corneal
cross-linking in a patient with keratoconus and
Down syndrome. Ophthalmologe.
2010;107(951–2):4–5.

11. Hashemi H, Miraftab M, Amanzadeh K, et al. Ker-
atoconus detection by novel indices in patients
with Down syndrome: a cohort population-based
study. Jpn J Ophthalmol. 2020;64:285–91.

12. Burns DM, Johnston FM, Frazer DG, Patterson C,
Jackson AJ. Keratoconus: an analysis of corneal
asymmetry. Br J Ophthalmol. 2004;88:1252–5.

13. Alpins N. Astigmatism analysis by the Alpins
method. J Cataract Refract Surg. 2001;27:31–49.

14. Asgari S, Mehravaran S, Fotouhi A, Makateb A,
Hashemi H. Total corneal refractive power and
shape in Down syndrome. Eur J Ophthalmol. 2019.
https://doi.org/10.1177/1120672119883594.

15. Perez-Straziota C, Gaster RN, Rabinowitz YS. cor-
neal cross-linking for pediatric keratcoconus
review. Cornea. 2018;37:802–9.

16. Baenninger PB, Bachmann LM, Wienecke L, Thiel
MA, Kaufmann C. Pediatric corneal cross-linking:
comparison of visual and topographic outcomes
between conventional and accelerated treatment.
Am J Ophthalmol. 2017;183:11–6.

17. Henriquez MA, Villegas S, Rincon M, Maldonado C,
Izquierdo L Jr. Long-term efficacy and safety after
corneal collagen crosslinking in pediatric patients:
three-year follow-up. Eur J Ophthalmol. 2018;28:
415–8.

1020 Ophthalmol Ther (2020) 9:1011–1021

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1177/1120672119883594


18. Ferdi AC, Nguyen V, Gore DM, Allan BD, Rozema JJ,
Watson SL. Keratoconus natural progression: a sys-
tematic review and meta-analysis of 11529 eyes.
Ophthalmology. 2019;126:935–45.

19. Magli A, Forte R, Tortori A, Capasso L, Marsico G,
Piozzi E. Epithelium-off corneal collagen cross-
linking versus transepithelial cross-linking for
pediatric keratoconus. Cornea. 2013;32:597–601.

Ophthalmol Ther (2020) 9:1011–1021 1021


	Accelerated and Standard Corneal Cross-Linking Protocols in Patients with Down Syndrome: A Non-inferiority Contralateral Randomized Trial
	Abstract
	Introduction
	Methods
	Results
	Conclusion
	Trial Registration

	Digital Features
	Introduction
	Methods
	Study Design
	Patients and Sampling
	Randomization
	Examinations
	Outcomes
	Interventions
	Statistical Analysis
	Ethical Considerations

	Results
	Main Outcome
	Secondary Outcomes
	Complications

	Discussion
	Conclusion
	Acknowledgements
	References




