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ABSTRACT

Keywords:
Keratoconus; Child; Adolescent; Objective: To evaluate the long-term safety and efficacy of repeated corneal cross-linking in eyes of
Corneal cross-linking; children and adolescents with progressive keratoconus.
Retreatment

Methods: This retrospective study included nine eyes of nine consecutive patients with progressive
keratoconus who underwent repeated corneal cross-linking 3.9 (range of 1.6 to 5.6) years after a primary
one. All patients were followed for a mean period of 9.11 (range of 6 to 11) years after first treatment and
5.44 (range of 4 to 9) years, after corneal cross-linking retreatment.

Descritores:

Ceratocone; Crianca;
Adolescente; Crosslinking
corneano; Retratamento Results: Nine eyes of nine patients (six male) with progressive keratoconus underwent primary corneal
cross-linking from 2009 to 2011. Despite the stability achieved with the epi-off corneal cross-linking,

keratoconus continued to progress after some time. Mean time to documented evidence of keratoconus

33?2?2;2"3: progression after primary corneal cross-linking was 3.9 (range of 1.6 to 5.6) years. All eyes were retreated
' as soon as progression was noted. At the last follow-up visit, 5.44 (range of 4 to 9) years after repeated
Accepted on: corneal cross-linking, there was a significant decrease of 2.02 D in mean maximum topographic K-value
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INTRODUCTION

Keratoconus (KC) is a bilateral, asymmetric, and progres-
sive corneal ectasia, which causes corneal thinning and
steepening because of its biomechanical instability. This
leads to irregular astigmatism and subsequent decrease
in visual acuity.”

Keratoconus usually manifests in adolescence or
pre-adolescence, but in many cases, it can manifest at a
much younger age. Some studies have shown that KC is
more severe and aggressive in children and adolescents
than in adults.®3

Knowledge about the evolution of the disease is es-
sential for early diagnosis, identification of progression,
and staging KC. This information greatly helps in decid-
ing the ideal time and the best treatment option to be in-
dicated. In addition, it is important to decide on whether
the treatment benefits outweigh the risks.*7

Corneal cross-linking (CXL) increases the biomechan-
ical strength and stability of the cornea by an interaction
of ultraviolet (UV) light, riboflavin, and oxygen, which are
used to halt or decline the progression of KC.(#2

Although there are variations in the CXL technique,
the Dresden protocol is still the gold standard for the
treatment of progressive KC, both in pediatric and adult
patients.® This procedure includes removal of the cor-
neal epithelium and subsequent irradiation with 3 mW/
cm? of UVA light for 30 minutes."® However, even with
the good results described over time,®913) some patients,
especially children and adolescents, continue to show
progression of KC despite treatment.>**+% In these cas-
es, repeated CXL may be indicated to achieve disease
stabilization. 20l

There is little information in the literature on the
long-term results of repeated corneal CXL for progressive
KC. This study aims to evaluate the long-term safety and
efficacy of repeated CXL in eyes of children and adoles-
cents with progressive KC, who experienced treatment
failure with subsequent KC progression, despite having
achieved stability for some time after a first CXL.

METHODS

This retrospective study included nine eyes of nine young
patients (six men), with low stage progressive KC. All pa-
tients underwent epithelium-off CXL according to the
standard Dresden protocol, to stabilize the disease. Mean
age at the time of first treatment was 12.77 + 2.99 (range
of 9 to 17) years. Five (55.5%) of the nine patients report-
ed a history of allergic conjunctivitis and eye rubbing and
were adequately treated before CXL.

All procedures were performed at the Instituto de
Olhos de Goiania, Goiania (GO), Brazil, by a single surgeon,
from January 2009 to December 2011. According to the
Amsler-Krumeich classification® of KC disease, all eyes
were classified as low stage KC: four eyes (44.4%) were
stage I and five eyes (55.5%) were stage II.

An increase of 1.00 diopter (D) in maximum topo-
graphic K-value (Kmax; the most curved point on the en-
tire cornea) or a 5% reduction in corneal thickness with or
without changes in uncorrected visual acuity (UCVA) and
best-spectacle corrected visual acuity (BSCVA) within the
last year, were considered as indications of progression.

Inclusion criteria for both, the initial CXL and retreat-
ment were: progressive KC, endothelial cell density high-
er than 2.000 cell/mm? a minimum de-epithelialized
corneal thickness of 330 pm and age under 18 years old.

Exclusion criteria were severe vernal keratocon-
junctivitis, severe dry eye, history of herpetic keratitis,
concurrent autoimmune disease, previous ocular sur-
gery other than primary CXL, and central or paracentral
opacities. Patients using contact lenses were asked to
discontinue lens use for at least three weeks before each
examination.

Preoperative examination

Preoperative and postoperative examinations included:
uncorrected and best spectacle corrected distant visual
acuity (UCVA and BSCVA), manifest and cycloplegic re-
fraction, slit-lamp biomicroscopy, specular microscopy
(Konan, Hyogo, Japan), corneal topography and pachym-
etry (Orbscan Iz, Technolas Perfect Vision GmbH). Visual
acuity was measured using a standard Snellen acuity
chart at 6 m and measured in feet/logmar.

The study was approved by the institutional ethics
committee and conducted in accordance with the tenets
of the Declaration of Helsinki. Informed consent was ob-
tained from the patient (aged 18 years and over) or one of
the parents, after receiving a detailed description of the
nature and risks of the procedure.

Cross-linking procedure
Primary and repeated CXL were performed using the con-
ventional Dresden protocol.

All patients received a mild oral sedative (diazepam
5 mg) 30 minutes before surgery and two drops of topi-
cal 0.5% proximetacaine, 2 to 5 minutes before surgery.
A wire eyelid speculum was placed for exposure. Corneal
epithelium was removed by mechanical scraping over the
central cornea (9.0-mm) with a blunt Paton spatula (Storz
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Ophthalmic Instruments, St Louis, USA). The lid specu-
lum was removed. Iso-osmolar 0.1% riboflavin solution
(400 mOsmol/L), which was generated by diluting vita-
min B2-riboflavin-5-phosphate 0.5% with dextran T500
20%, was instilled to the cornea every 3 minutes for 30
minutes.

The lid speculum was replaced. Central corneal thick-
ness (CCT) was measured using ultrasound pachymetry
(CompuScanTM P, Storz, St. Louis, MO, United States). A
minimum de-epithelialized corneal thickness of 330 um
before CXL was verified. In eyes with a CCT (without epi-
thelium) less than 400 um, additional hypo-osmolar ribo-
flavin 0.1% drops (200 mOsmol/L) were applied until the
thinnest corneal thickness (TCT) reached 400 um.

Fixation during irradiation was achieved by instruct-
ing the patient to focus on the light emitting diode on
the UVA emitter. Ultraviolet-A radiation was performed
for 30 minutes using a commercially available UVA
system (UV-X; Peschke Meditrade GmbH, Hunenberg,
Switzerland) at a working distance of 5 cm, with an irra-
diance of 3mW/cm?, corresponding to a surface dose of
5.4 ] /cm?. During irradiation, iso-osmolar 0.1% riboflavin
drops were applied every 5 minutes to ensure saturation
of the cornea with riboflavin. A topical anesthetic agent
(0.5% proxymetacaine) was applied as needed. CCT was
monitored throughout the irradiation period. In cases
that pachymetry was less than 400 um, hypo-osmolar
riboflavin was instilled to maintain the minimum thick-
ness of 400 um required by the Dresden protocol. After
treatment, patients were medicated with topical moxi-
floxacin 0.3% drops four times a day for 5 days, and ke-
torolac tromethamine three times a day for 3 days. A soft
therapeutic lens was applied until complete re-epitheli-
alization of the cornea. Unpreserved artificial tears were
recommended for mild irritation. Paracetamol-codeine
pain medication was also prescribed, as needed, for the
first 2 to 3 days. Fluorometholone eye drops were then ap-
plied three times a day for 2 weeks.

Postoperative examinations

Follow-up examinations were scheduled daily until com-
plete
were performed at 1, 6, and 12 months after primary and
repeated CXL, and then once a year. Every single time, a

re-epithelialization. Subsequent examinations

complete ophthalmic examination was performed.

Statistical analysis
Statistical analysis was performed using Statistical
Package for Social Sciences (SPSS) for Windows, version

21.0. Descriptive statistics were performed as means and
standard deviations. Then, Friedman’s repeated measures
analysis test was performed. In addition, a Spearman cor-
relation was performed. The level of statistical signifi-
cance was considered when the p-value was less than
0.05.

RESULTS

Nine eyes of nine patients with progressive KC under-
went primary CXL from 2009 to 2011. Mean patient age at
first CXL was 12.7 * 2.9 (range of 9 to 17) years. All treated
eyes had early to moderate KC, according to the Amsler-
Krumeich classification. Four eyes (44.4%) were grade I,
and five eyes (55.5%) were grade II KC, with a mean cen-
tral keratometry reading lower than 53 diopters (D), ab-
sence of corneal scaring, and minimum corneal thickness
greater than 400 um.

Six months after the initial CXL, all nine eyes (100%)
showed KC stability. There was a significant decrease in
maximum keratometry (Kmax), from 52.86 D (range of
47.6 to 57.2 D) to 51.36 D (range of 46.6 to 55.2 D; p = 0.01)
(Figure1). Also, a significant decrease in median keratom-
etry (Kmean) from 49.31 D (range of 45.0 t0 52.4 D) to 47.64
D (range 44.4 to 51.0D; p = 0.001) was noted. The average
pachymetry decreased from 436 (range of 402 to 476) um
to 422 (range of 401 to 450) pm, (p = 0.001) (Figure 2). Due
to slight corneal haze, 3 patients (33.3%) lost one Snellen
line of the best-corrected visual acuity (BCVA) (Table 1).

Despite the stability achieved with the epi-off CXL, KC
continued to progress sometime later. Mean time to doc-
umented evidence of KC progression after primary CXL
was 3.9 (range of 1.6 to 5.6) years. All eyes were retreated
as soon as progression was noted. Due to KC progression,
at this time, seven eyes (77.7%) were classified as stage II
and two eyes (22.2%) as stage III KC. Mean patient age at
CXLretreatment was 16.4 * 3.8 (range of 11 to 21) years. All
patients were followed for a mean of 5.44 (range of 4 to 9)
years after repeated CXL.

Comparing the data when the new KC progression was
identified (before CXL retreatment) with those months af-
ter the primary CXL, there was a mean statistically signifi-
cant increase in Kmax, from 51.36D (range of 46.6 to 55.2D)
to 56.46D (range of 51.0 to 58.4 D; p = 0.004), and in Kmean
from 47.64 D (range of 44.4 to 51.0) to 52.04 D (range of 48.2
to 54.4; p = 0.008). There was an average pachymetry de-
crease from 422 (range of 401 to 450) um to 404 (range of
368 t0 420) um, (p = 0.005). The BCVA reduced from logmar
0.075 (range of zero to 0.1) to logmar 0.087 (range of zero to
0.1). One eye (11.1%) lost one Snellen line of the BCVA.
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Figure 1. Maximum keratometry over time.
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Figure 2. Thinnest corneal thickness over time.

Table 1. Changes in topographic parameters

Before primary CXL

6 months after primary CXL

Before repeated CXL Last follow-up visit

BCVA, logmar 0.037 + 0.05 0.075 + 0.05 0.087 + 0.04 0.112 + 0.06
Kmax 52.86 = 4.07 51.36 = 4.06 56.46 + 2.99 54.75 + 2.58
Kmean 49.31 + 2.80 47.64 + 2.68 52.04 £2.11 50.10 = 2.06
TCT 436.33 £ 2672 422.89 +18.92 404.89 + 15.29 399.37 £7.19

CXL: corneal cross-linking; BCVA: best corrected visual acuity; Kmax: maximum keratometry; Kmean: median keratometry; TCT: thinnest corneal thickness.

Atthelast follow-upvisit, 5.44 (range of 4 to 9) years af-
ter repeated CXL, there was a significant reduction of 2.02
Din mean Kmax (p = 0.045),and 1.95 D in mean Kmean (p
= 0.007), compared to the data before CXL retreatment.
The thinnest point of the cornea had decreased from
404 (range of 368 to 420) um to 399 (range of 384 to 406)
pm, but this difference was not statistically significant
(p = 0.75) (Table 2). Best corrected visual acuity had de-
creased from logmar 0.087 (range of zero to 0.1) to logmar
0.112 (range of zero to 0.2). Due to corneal haze, two eyes
(22.2%) lost one Snellen line of the BCVA. Keratoconus
stability was noted in eight (88.8%) eyes. According to
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the Amsler-Krumeich classification, one eye (11.1%) was
classified as stage I, six eyes (66.6%) as stage II, and one
eye (11.1%) as stage II KC. One eye (11.1%) showed further
KC progression 4 years after repeated CXL, with a loss
of 2 Snellen lines of the best spectacle-corrected visual
acuity. At that time point, the patient was 15 years old. To
improve his BCVA, he underwent intrastromal corneal
ring segment implantation to address corneal surface ir-
regularity. Three months after corneal ring implantation,
he underwent a third CXL and remained stable until the
last follow-up visit. It is interesting to note that the two
youngest patients at the time of first treatment, both 9
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years old, with grade I KC, were the two who had the worst
evolution, since the first CXL. Both also had a history of
allergic conjunctivitis and were adequately treated before
the first CXL and throughout the follow-up.

Table 2. Data before repeated corneal cross-linking versus
last follow-up visit

Before repeated CXL Last follow-up visit p-value
BCVA, logmar 0.087 + 0.04 0.112 £ 0.06 0.02
Kmax 56.46 + 2.99 54.75 + 2.58 0.04
Kmean 52.04 = 2.11 50.10 + 2.06 0.007
TCT 404.89 + 15.29 399.37 £7.19 0.75

CXL: corneal cross-linking; BCVA: best corrected visual acuity; Kmax: maximum keratometry; Kmean: median
keratometry; TCT: thinnest corneal thickness.

Comparing the data found before primary CXL and
those found at the last follow-up visit, 9.1 (range of 6 to 11)
years later, there was an increase in Kmax from 52.86 D
(range of 47.6 to 57.2 D) to 54.75 D (range of 50.1t0 56.5 D;
p=0.10), and in Kmean, from 49.31 D (range of 45.0 to 52.4
D) to 50.10 D (range of 47.2 to 51.4 D; p=0.80). The aver-
age pachymetry was reduced from 436.3 (range of 402 to
476) um to 399.3 (range of 384 to 406) um, (p=0.6). Also,
the BCVA reduced from logmar 0.037 (range of 0 to 0.1) to
logmar 0.112 (range of 0 to 0.2). However, none of these
changes were statistically significant (Table 3). Due to per-
sistent corneal haze, 2 patients (22.2%) lost 2 lines of the
best corrected visual acuity.

Table 3. Data before primary corneal cross-linking versus last
follow-up visit.

Before primary CXL Last follow-up visit p-value
BCVA, logmar 0.037 +0.05 0.112 + 0.06 0.01
Kmax 52.86 + 4.07 54.75 + 2.58 0.1
Kmean 49.31 +2.80 50.10 = 2.06 0.8
TCT 436.33 + 26.72 399.37 £7.19 0.6

CXL: corneal cross-linking; BCVA: best corrected visual acuity; Kmax: maximum keratometry; Kmean: median
keratometry; TCT: thinnest corneal thickness.

Although all five patients (55.5%) with a history of al-
lergic conjunctivitis were adequately treated, all of them
reported occasional episodes of eye itching during the 9.1
(range of 6 to 11) years of follow-up, since primary CXL.
Therefore, allergic conjunctivitis and eye scratching, as
well as young age, were identified as risk factors for the
progression of KC after CXL.

DISCUSSION

Inrecent years, CXL technique has been successfully used
to prevent the progression of KC.®93) However, in some
eyes, especially in children and adolescents, in whom the
disease is more aggressive, treatment may fail. After the

first CXL, even though KC has remained stable for some
time, further KC progression may occur.23*% Raiskup et
al.”? reported recurrences of progressive corneal ectasia
at 5and 10 years after the initial treatment in their 10-year
follow-up study.

The current study evaluated the clinical and topo-
graphical corneal parameters of nine young patients, 17
years older or younger, who had progressive low stage KC
and underwent CXL treatment. All of them showed dis-
ease stabilization for an average period of 3.9 (range of 1.6
to 5.4) years. However, after this time, a new progression
was identified. All patients were retreated and were fol-
lowed up for along period of time. In fact, this is the great
contribution of this study: the long-term follow-up. On
both occasions, the standard Dresden protocol was used.

A previous study by our group® evaluated 16 eyes of
11 patients (8 male) aged between 9 and 14 years, with
progressive KC. Patients underwent CXL with the stan-
dard Dresden protocol. The mean follow-up time was
26 months (ranging from 12 to 60 months). On the last
outpatient follow-up visit, UCVA improved by at least
one Snellen line in six eyes (37.5%) and remained stable
in nine eyes (56.25%). Two eyes (12.5%) of patients who
frequently scratched their eyes required retreatment due
to KC progression, 15 and 28 months after the first CXL.
These data showed that while CXL is a safe and effective
option for treating progressive KC, the effect may not be
long-lasting, and additional treatment may be necessary.

There is limited information on the safety and effica-
cy of repeated CXL for controlling the progression of KC
despite previous treatment.*2° Antoun et al."¥ demon-
strated that CXL retreatment using the conventional
epi-off CXL protocol (Dresden protocol) was safe and ef-
fective in an adult population. They found stability one
year after CXL retreatment in seven eyes of five patients
with progressive ectasia. Four eyes had stage II KC, two
eyes had stage IV and one eye had post-LASIK ectasia.
Mean time to KC progression after the original CXL was
29.14 months. Only two eyes (from a single patient) were
treated with CXL alone. Four eyes had already undergone
intrastromal corneal ring segment implantation at the
time of repeated CXL and one eye underwent CXL retreat-
ment simultaneously with PRK. They noted that allergic
conjunctivitis and eye rubbing were the only risk factors
associated with KC progression after CXL. In the study by
Turhan et al.,* all eyes presented Kmax > 57 D before the
first CXL, more advanced cases than those in our study.
In the first CXL, they used the epi-on technique in 9 of
the 12 treated eyes and in the repeated CXL, the epi-off
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accelerated technique. Both CXL techniques have shown
lower effectiveness than that obtained with the conven-
tional epi-off Dresden protocol.®* After 36 months of
follow-up, they observed stability or regression of KC in 11
of the 12 treated eyes. Only one eye showed progression.
Corroborating our findings, this patient also had a history
of ocular allergy.

After CXL retreatment, patients were followed for a
mean time of 5.44 years. Eight eyes achieved KC stability.
The corneal flattening observed in these eight eyes sug-
gests that repeated CXL has an additive effect to increase
corneal rigidity and biomechanical stability, despite fail-
ure of the first treatment. These data corroborate those
presented by Turhan et al.®®, who followed patients for
35.9 months (2.9 years) after repeated CXL. Their data
have shown a significant decrease in Kmax values in
66.6% of the operated eyes, no change in 16.6% and an
increase in 16.6%. They have suggested that patients
should be followed up for at least 2 years after a primary
CXL to confirm corneal stability. In our study, we observed
progression of KC at a mean follow-up time of 3.9 (range
of 1.6 to 5.6) years after first treatment. One eye showed
progression 4 years after repeated CXL. We can conclude
that, in children and adolescents, KC may continue to
progress, even after several years of the first or second
treatment. Therefore, we suggest that patients undergo-
ing CXL, especially at a young age, be closely monitored
for along period of time.

In the present study, five (55.56%) patients report-
ed eye allergy and the habit of constantly scratching/
rubbing their eyes before the first CXL. All of them were
properly treated and instructed on the importance of not
scratching their eyes. Despite that, all five patients report-
ed isolated episodes of itching during the 9.1 (range of
6 to 11) years of follow-up between the first CXL and the
last recorded eye exam. Eye rubbing leads to biochemical
and biomechanical changes and therefore plays an im-
portant role in disease recurrence.??) Other risk factors
for progression, determined by previous studies, include
age, pregnancy, paracentral cones, and Kmax greater than
58.0 D.*3%) Another important observation in our study
is that all nine patients (100%) were right-handed. Six of
them (66.6%) showed progression of KC in the right eye.
McMonnies et al.?” showed a significant relationship
between intense eye rubbing and KC on the same side as
hand dominance. However, Santos et al.”® have shown
that the association between higher keratometry values
and sleeping position appears to be more significant
than that reported between keratometry and itching, or

manual dexterity. On the other hand, Bral et al.l? report-
ed a case of unilateral ectasia in a healthy male patient af-
ter persistent unilateral eye rubbing by the nondominant
hand. They suggested that this case supports the hypoth-
esis of mechanical fatigue of the cornea due to repetitive
shear stress on the corneal surface caused by eye rubbing.

Hafezi et al.t9 described a case of a 32-year-old man
that showed a central corneal flattening of up to 4D after
a standard Dresden protocol primary CXL and a further
flattening effect of another 4D, after accelerated-CXL re-
treatment, with a total flattening effect of 8 D, 2 years after
repeated CXL.

Kymionis et al.® also reported a case of a 23-year-old
woman who showed a significant progressive corneal
flattening, corneal thinning, and hyperopic shift 5 years
after a second CXL. The identified causative factor was
the extremely higher steep preoperative keratometry. In
our study, a mean reduction of 2.012 D in Kmax was ob-
served in eight eyes with a mean follow-up of 5.44 years
after repeated CXL. No patient had excessive or continu-
ous corneal flattening. The smaller effect found in our pa-
tients may be related to the low age of the patients. Since
KC is more severe and aggressive in children and adoles-
cents, CXL may be less effective in this group of patients.
Besides, unlike Kymionis et al.,®® our patients had low
stage KC at first treatment, and only 2 eyes were grade III
KC, at CXL retreatment.

In a recent study, Kuechler et al.t4 suggested that
Kmax greater than 58 D is one of the main risk factors
for KC progression after CXL. On the other hand, a study
by Sarac et al."” concluded that the best individual pre-
dictors of treatment outcome 2 years after CXL in pedi-
atric patients were cone location and thinner corneal
pachymetry. Pediatric patients with paracentral cones
or thin corneas were more likely to progress 2 years af-
ter CXL. Similarly, another study conducted by Wisse et
al." concluded that extreme corneal thinning (< 330 pum)
and more eccentric cones may be additional risk factors
for disease progression. At the first CXL, mean thinnest
corneal thickness of our patients was 436.33 (range of 402
to 476) um and mean Kmax was 52.86 (range of 47.6 to
57.2) D. At the time of CXL retreatment, the thinnest pa-
chymetry was 404.89 (range of 368 to 420) um and Kmax
was 56.46 (range of 51.0 to 58.4) D. Therefore, in our pa-
tients, there was no extreme elevated keratometry or
corneal thinning to account for the progression observed
3.9 (range of 1.6 to 5.6) years after the original CXL or the
progression developed by one of the eyes 4 years after re-
peated CXL. The identified causal factor that justifies the
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progression in this group of patients were low age, ocular
allergy and the habit of scratching the eyes.

Beshtawi et al.®” explored the biomehanical changes
induced by repeated cross-linking using scanning acous-
tic microscopy in 30 ex vivo human corneas. The mean
donor age was 75 (range of 55 to 88) years. They conclud-
ed that no further cross-linkings are induced when CXL
is repeated. However, older corneas are stiffer due to the
natural stiffness of collagen fibers that occurs with aging.
In contrast, in our study, with a population of very young
patients, the corneas have not yet reached natural stiff-
ness, which explains the increase in stiffness observed
throughout the follow-up period. Also, 209% of the elderly
show high glycemia that goes along with increased bio-
mechanical stiffness.®

Tabibian et al.®¥ have evaluated whether repeated
collagen CXL performed in vivo, in mice, shows an addi-
tive effect on mechanical corneal stiffness. They conclud-
ed that repeated CXL, 3 days after the first procedure, did
notincrease corneal stiffness. In our study, the mean time
interval between the primary and repeated treatment was
3.9 years. Our results show that after this period, repeated
CXL proved to be effective.

Kling et al.™ have investigated the effect of oxygen
availability on the biomechanical changes induced by
various clinically applied thin cornea CXL protocols, in
both thin (murine) and thick (porcine) corneas. They pro-
vided evidence that thin corneas have a higher oxygen
availability than corneas of standard thickness. Richoz et
al."? also concluded that the biomechanical effect of CXL
seems to be oxygen dependent, which may explain more
efficient results of CXL in thin corneas. Our patients had
a mean pachymetry of 436.3 (range of 402 to 476) um at
first treatment and 404.89 (range of 368 to 420) um, at
repeated CXL. Probably this low pachymetry justifies the
good result observed over the years in 8 (88.8%) eyes, af-
ter repeated CXL.

Sarac et al.®® evaluated 72 eyes of 52 patients with a
mean age of 14.8 (9 to 17) years, with progressive KC, for a
period of 2 years after CXL. They observed that approxi-
mately halfof the eyes with thin corneas (< 450 um) showed
progression of KC after 2 years of follow-up. Corneas with a
pachymetry of less than 400 um after removal of the ep-
ithelium were treated with hypo-osmolar riboflavin to in-
duce artificial edema that would allow the corneas to reach
the thickness of 400 um required by the Dresden protocol.
This corneal swelling, artificially induced by hypo-osmolar
riboflavin, may lead to a less effective effect of CXL in sta-
bilizing KC. Furthermore, as discussed earlier, the natural

history of KC shows higher rates of progression in young
patients. In the present study, we also used hypo-osmolar
riboflavin to obtain the 400 um pachymetry required by
the conventional Dresden protocol. Hypo-osmolar ribo-
flavin was used in four (44.4%) eyes in the first treatment
and in all eyes (100%) in CXL retreatment. Like Sarac et
al.,""l we also observed progression of KC after the initial
CXL. However, the mean time to progression observed in
our group of patients took longer than the 2 years to occur.
On average, our patients showed KC progression 3.9 (range
of 1.6 to 5.6) years after the original CXL. Only one patient
(11.1%) showed progression 1.6 year after the primary CXL.
At this time, he was 9 years old and the thinnest point on
his cornea was 456 pm. He underwent repeated CXL at age
11 and, at that time, the thinnest pachymetry was 368 pm.
This same patient presented another progression, 4 years
after CXLretreatment, when he was 15 years old, with a loss
of 3 Snellen lines of his best corrected visual acuity. He was
then submitted to intrastromal corneal ring segment im-
plantation to correct corneal irregularity and rehabilitate
visual acuity. Probably, the young age, ocular allergy, and
the habit of scratching the eyes, justify the continuous pro-
gression of the disease in this patient. The other eight eyes
(88.8%) showed KC stability at the last follow-up visit. It is
interesting to note that, the two youngest patients in the
study, both 9 years old at the time of the first CXL, were the
ones with the earliest progression: 1.6 and 2.4 years after
primary CXL. Mean time to KC progression after the first
CXLin the other seven patients was 4.4 years.

These data corroborate studies that suggest that there
is an inversely proportional correlation between patient
age and KC aggressiveness.?3 Therefore, after CXL for
progressive KC, a close follow up of the patients is man-
datory over a long period of time, so that any suspected
topographic changes may be identified and, if progres-
sion is confirmed, a new treatment can be performed
safely and effectively in time to prevent the progression of
the disease and consequent visual impairment.

CONCLUSION

Repeated corneal cross-linking is a safe and effective pro-
cedure to stop the progression of keratoconus in young
patients in whom the first procedure has failed. The ad-
ditive effect obtained on corneal stiffness can recover the
biomechanical strength achieved, for some time, after
the original corneal cross-linking. The slight flattening
of the anterior surface of the cornea and the increase in
resistance seen in this series of patients proved to be long
lasting. However, not all eyes respond equally to corneal
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cross-linking. Therefore, close and frequent monitoring
of these patients must be performed over a long period of

time.

REFERENCES
1.

2.

Rabinowitz YS. Keratoconus. Surv Ophthalmol. 1998;42(4):297-319.
Chatzis N, Hafezi F. Progression of keratoconus and efficacy of pediatric
corneal collagen cross-linking in children and adolescents. J Refract Surg.
2012;28(11)753-8.

Palis FP, Nassaralla BR, Deienno LG, Teixeira LP, Nassaralla AA. Corneal
collagen cross-linking for progressive keratoconus in patients aged 9 to
14. Rev Bras Oftalmol. 2016;75(2):84-8.

Tellouck J, Touboul D, Santhiago MR, Tellouck L, Paya C, Smadja
D. Evolution profiles of different corneal parameters in progressive
keratoconus. Cornea. 2016;35(6):807-13.

McMahon TT, Edrington TB, Szczotka-Flynn L, Olafsson HE, Davis
LJ, Schechtman KB. Longitudinal changes in corneal curvature in
keratoconus. Cornea. 2006;25:296-305.

Ferdi AC, Cantab MA, Nguyen V, Gore DM, Allan BD, Rozema JJ, et al.
Keratoconus Natural Progression. A Systematic Review and Meta-analysis
of 11529 Eyes. Ophthalmology. 2019;1-11.

Choi JA, Kim MS. Progression of keratoconus by longitudinal assessment
with corneal topography. Investig Ophthalmol Vis Sci. 2012;53(2):927-35.
Wollensak G, Spoerl E, Seiler T. Riboflavin/ultraviolet-A-induced collagen
crosslinking for the treatment of keratoconus. Am J Ophthalmol.
2003;135(5):620-7.

Sharma N, Suri K, Sehra SV, Titiyal JS, Sinha R, Tandon R, et al. Collagen
cross-linking in keratoconus in Asian eyes: visual, refractive and confocal
microscopy outcomes in a prospective randomized controlled trial. Int
Ophthalmol. 2015;35(6):827-32.

. Brummer G, Littlechild S, McCall S, Zhang Y, Conrad, GW. The role of

nonenzymatic glycation and carbonyls in collagen cross-linking for the
treatment of keratoconus. Invest Ophthalmol VisSci. 2011;52:6363-9.

. Kling S, Richoz O, Hammer A, Tabibian D, Jacob S, Agarwal A, et al.

Increased Biomechanical efficacy of corneal cross-linking in thin corneas
due to higher oxygen availability. J Refract Surg. 2015;31(12):840-6.

. Richoz O, Hammer A, Tabibian D, Gatzioufas Z, Hafezi F. The Biomechanical

Effect of Corneal Collagen Cross-Linking (CXL) With Riboflavin and UV-A is
Oxygen Dependent. Trans Vis Sci Technol. 2013;2(7):6.

. Belin MW, Meyer JJ, Duncan JK, Gelman R, Borgstrom M. Assessing

Progression of Keratoconus and Cross-linking Efficacy: The Belin ABCD
Progression Display. Int J Keratoconus Ectatic Corneal Dis. 2017;6(1):1-10.

. Kuechler SJ, Tappeiner C, Epstein D, Frueh BE. Keratoconus progression

after corneal cross-linking in eyes with preoperative maximum keratometry
values of 58 diopters and steeper. Cornea. 2018;37(11):1444-8.

. Sarac O, Caglayan M, Cakmak HB, Cagil N. Factors influencing progression

of keratoconus 2 years after corneal collagen cross-linking in pediatric
patients. Cornea. 2016;35(12):1503-7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Koller T, Mrochen M, Seiler T. Complication and failure rates after corneal

crosslinking. J Cataract Refract Surg. 2009;35(8):1358-62.

. Wisse RP, Godefrooij DA, Soeters N, Imhof SM, Van der Lelij A. A

multivariate analysis and statistical model for predicting visual acuity and
keratometry one year after cross-linking for keratoconus. Am J Ophthalmol.
2014;157(3):519-25.e1-2.

. Antoun J, Slim E, El Hachem R, Chelala E, Jabbour E, Cherfan G, et al.

Rate of corneal collagen crosslinking redo in private practice: risk factors
and safety. J Ophthalmol. 2015;2015:690961.

. Hafezi F, Tabibian D, Richoz O. Additive effect of repeated corneal

collagen cross-linking in keratoconus. J Refract Surg. 2014;30(10):716-8.
Turhan SA, Aydin FO, Toker E. Clinical Results of Repeated Corneal Collagen
Cross-linking in Progressive Keratoconus. Cornea. 2020;39(1):84-7.

Kamiya K, Ishii R, Shimizu K, Igarashi A. Evaluation of corneal elevation,
pachymetry and keratometry in keratoconic eyes with respect to the stage
of Amsler-Krumeich classification. Br J Ophthalmol. 2014;98(4):459-63.
Raiskup F, Theuring A, Pillunat LE, Spoerl E. Corneal collagen crosslinking
with riboflavin and ultraviolet-A light in progressive keratoconus: Ten-year
results. J Cataract Refract Surg. 2015;41(1):41-6.

Yuksel E, Cubuk MO, Yalcin NG. Accelerated epithelium-on or accelerated
epithelium-off corneal collagen cross-linking: Contralateral comparison
study. Taiwan J Ophthalmol. 2020;10(1):37-44.

Henriquez MA, Rodriguez AM, lzquierdo L Jr. Accelerated Epi-On
Versus Standard Epi-Off Corneal Collagen Cross-Linking for Progressive
Keratoconus in Pediatric Patients. Cornea. 2017;36(12):1503-8.
McMonnies CW. Mechanisms of rubbing-related corneal trauma in
keratoconus. Cornea. 2009;28(6):607-15.

McMonnies CW. Management of chronic habits of abnormal eye rubbing.
Contact Lens Anterior Eye. 2008;31(2):95-102.

McMonnies CW, Boneham GC. Keratoconus, allergy, itch, eye-rubbing
and hand-dominance. Clin Exp Optom. 2003;86(6):376-84.

Santos RT, Moscovici BK, Hirai FE, Benicio CMF, Nakano EM, Nosé W.
Association between keratoconus, ocular allergy, and sleeping behavior.
Arq Bras Oftalmol. 2021;84(1):17-21.

Bral N, Termote K. Unilateral keratoconus after chronic eye rubbing by the
nondominant hand. Case Rep Ophthalmol. 2017;8(3):558-61.

Kymionis GD, Tsoulnaras KI, Liakopoulos DA, Paraskevopoulos TA,
Kouroupaki Al, Tsilimbaris MK. Excessive Corneal Flattening and Thinning
After Corneal Cross-linking: Single-Case Report With 5-Year Follow-up.
Cornea. 2015;34(6):704-6.

Beshtawi |, Akhtar R, Hillarby C, O'Donnell C, Zhao X, Brahma A, et al.
Biomechanical changes after repeated collagen cross-linking on human
corneas assessed in vitro using scanning acoustic microscopy. Invest
Ophthalmol Vis Sci. 2014;55(3):1549-54.

Seiler T, Huhle S, Spoerl E, Kunath H. Manifest diabetes and keratoconus:
a retrospective case-control study. Graefes Arch Clin Exp Ophthalmol.
2000;238:822-5.

Tabibian D, Kling S, Hammer A, Richoz O, Hafezi F. Repeated cross-linking
after a short time does not provide any additional biomechanical stiffness
in the mouse cornea in vivo. J Refract Surg. 2017;33(1):56-60.

n Rev Bras Oftalmol. 2024;83:e0042.



