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A BSTRA C T

P urpose: To determ ine the safety and efficacy of corneal collagen cross-linking (C X L ) for progressive keratoconus in patients aged
betw een 9 and 14 years old. M ethods: Sixteen eyes of 11 patients (8 m ale and 3 fem ale) w ith progressive keratoconus underw ent
epithelium -off C X L  according to the standard D resden protocol. M ean follow -up w as 26 m onths (range, 12 to 60 m onths). P re- and
postoperative exam inations included: uncorrected visual acuity (U C VA ), best spectacle-corrected visual acuity (B SC VA ), corneal
topography, tonom etry, refraction, corneal pachym etry, and endothelium  cell count. R esults: A t the last follow -up visit, B SC VA  im proved
by at least one Snellen line in six eyes (37.5% ) and rem ained stable in nine eyes (56.25% ). Tw o eyes (12.5% ) in habitual eye rubbers
required a re-treatm ent due to keratoconus progression, at 15 and 28 m onths after first C X L . M anifest refraction and endothelium  cell
count rem ained stable. Topographic results show ed statistically significant im provem ent in m axim um  K  readings up to tw o years after
C X L . H ow ever, this lost significance over tim e. N o intraoperative com plications w ere observed. Tw o eyes (12.5% ) presented grade one
haze, w hich regressed after a m onth of topical steroid therapy. C onclusion: In this study of selected patients aged 9 to 14, C X L  w as a safe
and effective option for the treatm ent of progressive keratoconus. H ow ever, the effect in stem m ing the disease m ay not be long lasting and
m ay require retreatm ent. A  larger sam ple size and longer follow -up tim e are needed to verify this trend.
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C ross-linking corneano para ceratocone progressivo
em  pacientes de 9 a 14 anos de idade

RESU M O

O bjetivo: D eterm inar a segurança e eficácia do cross-linking corneano (C X L ) em  pacientes de 9 a 14 anos de idade com  ceratocone
progressivo. M étodos: D ezesseis olhos de onze pacientes (8 hom ens e 3 m ulheres) com  ceratocone progressivo foram  subm etidos
ao C X L , de acordo com  o protocolo padrão  de D resden. A  m édia do tem po de seguim ento foi de 26 m eses (variando de 12 a 60
m eses). O s exam es pré e pós-operatórios incluíram : acuidade visual sem  correção (A V SC ), m elhor acuidade visual com  correção
(A V C C ), topografia corneana, tonom etria, refração, paquim etria corneana, e contagem  de células endoteliais. R esultados: N a últim a
visita de acom panham ento am bulatorial, a A V C C  m elhorou pelo m enos um a linha na tabela de Snellen em  6 olhos (37,5% ) e
perm aneceu estável em  9 olhos (56,25% ). D ois olhos (12,5% ) de pacientes que coçam  os olhos com  frequência, exigiram  re-
tratam ento devido à progressão do ceratocone, 15 e 28 m eses após o prim eiro C X L . A  refração e contagem  de células endoteliais
m antiveram -se estáveis. O s resultados topográficos m ostraram  m elhora estatisticam ente significativa nos valores do K  m áxim o até
dois anos após o C X L . N o entanto, houve perda de significância ao longo do tem po. N enhum a com plicação peroperatória foi
observada. D ois olhos (12,5% ) apresentaram  haze grau I, que regrediu após um  m ês de terapia  com  esteróide tópico. C onclusão:
N este estudo com  pacientes selecionados, de 9 a 14 anos de idade, o C X L  m ostrou ser um a opção segura e eficaz para o tratam ento
do ceratocone progressivo. N o entanto, o efeito pode não ser duradouro, podendo ser necessário um  novo tratam ento. M aior
am ostragem  e m aior seguim ento são necessários para verificar esta tendência.

D escritores: C eratocone/terapia; C olágeno/efeitos de radiação; R iboflavina/uso terapêutico; Terapia ultravioleta; R eagentes
para ligações cruzadas; C riança
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IN TRO D U C TIO N

K eratoconus is a progressive, frequently asym m etric, non-
inflam m atory corneal thinning disorder characterized
by changes in the structure and organization of corneal

collagen.1 The disease classically m anifests in the second decade
of life w hen the cornea assum es an increasingly conical shape
ow ing to its biom echanical instability. This leads to irregular
astigm atism  and subsequent decrease in visual acuity.(2)

A lthough keratoconus is m ost frequently diagnosed after
adolescence, the corneal ectasia process starts at a m uch younger
age.2 P ediatric keratoconus (keratoconus m anifesting in
childhood [less than 18 years of age] or adolescence [betw een 10
to 19 years of age]) exhibits several unique characteristics. Studies
have show n that pediatric keratoconus dem onstrates a higher
rate (88%  of keratoconus eyes) and speed of keratoconus
progression com pared to adult keratoconus.3,4

R ecently, biom echanical properties of the cornea in
different age groups are the focus of intense research for
keratoconus.5 The progressive alteration of keratoconic corneal
shape m ay be the result of elastic deform ation. C orneal hysteresis
is a m easurem ent that purportedly reflects the viscoelastic
properties of the cornea. E xperim ental ex vivo studies have show n
an age-related change in corneal collagen fibril properties that
m ay contribute to an increased stiffness of the cornea w ith age.6

C orneal collagen cross-linking has been established as an
effective surgical treatm ent to increase the biom echanical stability
of the adult cornea in order to prevent the progression of the
corneal ectasia occurring in keratoconus7-9 or follow ing laser
refractive surgery.10,11 This technique uses a com bination of
riboflavin (vitam in B 2) and ultraviolet-A  light (U V A ) to induce
cross-linking in strom al collagen. The role of riboflavin in this
m ethod is dual. It w orks as a photosensitizer for the induction of
cross-links and protects the underlying tissues from  the deleterious
influence of U V A  irradiation.7-9 It is the only therapeutic approach
designed to halt the progression of the disease.7,8

The peer-review ed literature, as w ell as our ow n experience
w ith adult eyes that underw ent C X L  for progressive keratoconus
and iatrogenic ectasia, dem onstrated that the procedure w as
able to halt progression. Further, no endothelial cell loss, no
cataract developm ent, and no perm anent side effects w ere
observed in the adults.12-14

T he aim  of this study w as to evaluate stability and functional
response after riboflavin-U V A -induced cross-linking in a
population of patients aged betw een 9 and 14 years old w ith
progressive low  stage (I e II)  keratoconus.

M ETH O D S

Sixteen eyes of eleven patients (8 m ale and 3 fem ale) w ith
progressive keratoconus, underw ent epithelium -off C X L
according to the standard D resden protocol. M ean follow -up
w as 26 m onths (range, 12 to 60 m onths). A ccording to the A m sler-
K rum eich classification10 of keratoconus disease, all eyes w ere
classified as low  stage keratoconus: 8 eyes (50% ) w ere stage I
and 8 eyes (50% ) w ere stage II. A n increase of 1.00 diopter (D )
in m axim um  topographic K -value (K m ax) and a reduction of
corneal thickness w ith or w ithout changes in uncorrected visual
acuity (U C V A ) and best-spectacle corrected visual acuity
(B SC V A ) w ithin the last year w ere considered as indications of

progression. A ll procedures w ere perform ed at the G oiania E ye
Institute, G oiania, G O , B razil, by a single surgeon (B A N ), from
January 2009 to D ecem ber 2014.

E xclusion criteria w ere corneal thickness < 400 µm  at the
thinnest point, severe vernal keratoconjunctivitis, severe dry eye,
history of herpetic keratitis, concurrent autoim m une disease
previous ocular surgery and central or paracentral opacities.
Patients using contact lenses w ere asked to discontinue lens use for
at least three w eeks before each exam ination.

Preoperative and postoperative exam inations included:
U C V A , B SC V A , refraction, slit-lam p biom icroscopy, specular
m icroscopy (K onan, H yogo, Japan), corneal topography and
pachym etry (O rbscan IIz, Technolas Perfect V ision G m bH ).

The institutional ethics com m ittee approved the study. A ll
patients provided w ritten inform ed consent in accordance w ith
the D eclaration of H elsinki after receiving a detailed description
of the nature and risks of the procedure.

Treatm ent
C orneal C X L  w as conducted under sterile conditions in

an operating room . A ll patients received a m ild oral sedative
(diazepam  5 m g) 30 m inutes before surgery and tw o drops of
topical 0.5%  proxim etacaine, 2 to 5 m inutes before surgery. A
w ire eyelid speculum  w as placed for exposure. C orneal epithelium
w as rem oved by m echanical scraping over the central cornea
(9.0-m m ) w ith a blunt P aton spatula (Storz O phthalm ic
Instrum ents, St L ouis, U SA ).

T he lid speculum  w as rem oved. Isoosm olar 0.1%  riboflavin
solution (402.7 m O sm ol/L ), w hich w as generated by diluting
vitam in B 2-riboflavin-5-phosphate 0.5%  w ith dextran T 500 20% ,
w as instilled to the cornea every 3 m inutes for 30 m inutes. A  slit-
lam p exam ination, using a blue filter, ensured the presence of
riboflavin in the anterior cham ber.

T he lid speculum  w as replaced. Fixation during irradiation
w as achieved by instructing the patient to focus on the light-
em itting diode on the U V A  em itter. The surgeon’s thorough
control ensured the patient’s centration. U ltraviolet-A  irradiation
w as perform ed for 30 m inutes using a com m ercially available
U V A  system  (U V -X , Peschke M editrade) at a w orking distance
of 5 cm  w ith an irradiance of 3m W /cm 2, corresponding to a surface
dose of 5.4 J/cm 2. D uring irradiation, isoosm olar 0.1%  riboflavin
drops w ere applied every 5 m inutes to ensure saturation of the
cornea w ith riboflavin. A  topical anesthetic agent (0.5%
proxim etacaine w as applied as needed.

A fter treatm ent, patients w ere m edicated w ith topical
m oxifloxacin 0.3%  drops 4 tim es a day for 5 days, and ketorolac
tom etham ine 3 tim es a day for 3 days. Soft therapeutic lens w as
applied until com plete re-epithelialization of the cornea.
U npreserved artificial tears w ere recom m ended for m ild
irritation. P aracetam ol-codeine pain m edication w as also
prescribed, as needed, for the first 2 to 3 days. Fluorom etholone
eyedrops w ere then applied 3 tim es a day for 2 w eeks.

Statistical analysis w as perform ed using SPSS 17.0 (SPSS,
Inc.) softw are package. The paired t-test w as used to check the
significance of the difference betw een tw o dependent groups
for every continuous variable. The level of statistical significance
w as considered w hen p-value w as low er than 0.05.

RESU LTS

Sixteen eyes of 11 patients, 8 m ale and 3 fem ale, w ith
progressive keratoconus w ere included in this study. M ean age
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at the tim e of corneal collagen cross-linking w as 10.38 ± 1.7 years
(range, 9-14 years). M ean follow  up w as 26.63 m onths ± 4 (range,
12-60 m onths). A ll treated eyes had early to m oderate
keratoconus, according to A m sler-K rum eich’s classification. E ight
eyes (50% ) w ere grade I and 8 eyes (50% ) w ere grade II
keratoconus, w ith m ean central keratom etry readings of less
than 53 diopters (D ), absence of corneal scaring and m inim um
corneal thickness of greater than 400µm ). D ocum ented evidence
of  keratoconus progression w ith reduced uncorrected (U C V A )
or best corrected visual acuity (B C V A ) by 1 line and/or w orsening
of refractive or corneal astigm atism , keratom etry or cone apex
pow er (C A P) by 0.75D  over the 6-18 m onths prior to C X L  w as
noted in 7 patients (11 eyes).

R efractive results
Preoperatively, the m ean spherical equivalent error (SE Q )

w as -1.4(SD : ± 0.97D ), and the m ean refractive astigm atism  error
(R A Q ) w as -2.31 (SD : ±1.78D ). A fter 1, 2, 4 and 5 years, a
statistically significant reduction w as observed in the m ean
spherical equivalent (p<0.000).  A  statistically significant decrease
in m ean refractive cylinder w as also noted 1 and 5 years after
C X L  (p<0.000). V ector analysis show ed an axis shift from  79.63
(0-155) degrees to 27.5 (15-40) degrees 5 years after C X L , a
difference that w as statistically significant (p<0.000).

V isual perform ance:
U C V A  and B C V A  data w ere expressed in decim al scale

and covering the entire follow -up. M ean U C V A  w as 0.24 before
the procedure. M ean U C V A  readings after C X L  w ere as follow :
1 year after C X L , 0.28; 2 years after C X L  w as 0.29. A t the last
follow -up visit, U C V A  im proved by at least one Snellen line in 6
eyes (37.5% ) and rem ained stable in 9 eyes (56.25% ).

B efore treatm ent, B C V A  w as 0.64. M ean U C V A  after C X L
w ere as follow s: 1 year after C L X , 0.66; 2 years after C L X , 0.66,
figure 1. U C V A  and B C V A  im provem ents w ere statistically
significant (p< 0.000) during the first year and rem ained
unchanged betw een 2 and 5 years after C X L . Tw o eyes (12.5% )
in habitual eye rubbers required a re-treatm ent due to
keratoconus progression, at 15 and 28 m onths after first C X L .
O ne of them  presented w orsening of both uncorrected and
corrected visual acuity.

G raphic 1

 V isual Perform ance

Preop = preoperative; U C V A : uncorrected visual acuity; B C V A : best
corrected visual acuity

C orneal pachym etry
M ean corneal pachym etry by m eans of O R B SC A N  optical

pachym etry at baseline w ere 469.75 ± 38.1µm  (407-531). A t 1
year, they decreased to 464.44 ± 41.34 (410-528) and at 5 years to
427.00 ± 15.5 (416-438), difference that w as statistically significant
(p<0.000).

Topographic results
M ean baseline sim ulated keratom etry 2 and sim ulated

keratom etry 1 w ere 47.30D  and 43.25D , respectively. A t five years,
these readings w ere 48.4 and 43.20, respectively, a difference that
w as statistically significant (p<0.000). Topographic results show ed
statistically significant im provem ent in m axim um  K  readings up
to tw o years after C X L . These results dem onstrate a flattening
effect of C X L  on the keratoconic cornea. H ow ever, it lost
significance overtim e.

E ndothelium  cell counts
M ean baseline endothelial cell count w as 2759 ± 142.8 cells/

m m 2 (2510-2980). O ne year after C X L  it w as 2763 ± 129.1 cells/
m m 2 (2580-2986); tw o years after C X L  it w as 2766 ± 127.3 cells/
m m 2 (2588-2902); three years after C X L  it w as 2726 ± 151.9cells/
m m 2 (2598-2940); four years after C X L  it w as 2603 ± 1.41cells/
m m 2 (2602-2604); and at five years after C X L  it w as 2617 ± 32.5
cells/m m 2 (2594-2640).

C om plications
N o intraoperative com plications w ere observed. Tw o eyes

(12.5% ) presented grade one haze, w hich regressed after a m onth
of topical steroid therapy. A ll retinal exam inations w ere norm al.
N o eyes lost m ore than one line of the B C V A .

D ISC U SSIO N

T he diagnosis of keratoconus in children is m ade at a m ore
advanced stage of the disease than in adults. This late diagnosis
m ay be explained by the scarcity of functional com plaints in
children, especially before eight years of age and by the fact that
visual loss is m ost often unilateral or very asym m etric. O n the
other hand, a recent study show ed that corneal aberrations induced
by keratoconus w ere at least partially offset by internal ocular
structures.15 Presum ably the high accom m odative pow er in
children m ay com pensate for the distortions induced and delay
the onset of functional com plaints. A nother hypothesis to consider
is that the progression of keratoconus is explosive in children,
w ith a short tim e betw een the onset of functional sym ptom s and
the developm ent of a severe form  of keratoconus. 16-18

T herefore, early detection of keratoconus in children w ith
astigm atism  is crucial because of the risk of rapid scalability, even
at an early disease stage, close m onitoring of children is necessary
in order to detect any sign of scalability and offer appropriate
treatm ent.19

C hatzis et al.3 found that 88%  of pediatric keratoconic
patients dem onstrated progression from  their initial evaluation
and Soeters et al.,21 reported rapid progression of the
keratoconus ranging from  2.6 D  in several w eeks to 5.0 D  over a
year. These findings suggest that treatm ent at onset of diagnosis
m ay be appropriate as opposed to w aiting for signs of progression
as is com m only done in adults, because keratoplasty in the
younger age group m ay be im m inent.

A  grow ing interest in the occurrence of keratoconus in
children has em erged in recent years because of the developm ent
of new  therapeutic options, especially the technique of corneal
collagen cross-linking.
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C orneal C X L  w ith riboflavin and U V A  irradiation is a
technique w ith a m inim ally invasive nature used for the
stabilization of different types of corneal ectatic disorders. The
aim  of this technique is the augm entation of the m echanical
rigidity of the cornea by inducing cross-links at the corneal
strom a.7-9 The rem oval of the epithelium  has been recom m ended
as an initial step of the C X L  procedure since its lipophilic nature
reduces the diffusion of riboflavin into the corneal strom a.8,9

M oreover, the epithelium  m ay block U V  rays.7 T he
photosensitizer riboflavin is applied to the de-epithelialized
surface of the cornea and allow ed to penetrate into the corneal
strom a.7-10 The subsequent exposure of the cornea to U V A  light
is thought to result in photodynam ic cross-linking w hen the
riboflavin, excited by U V A , creates free radicals leading to cross-
linking of collagen.7,8

T he lim itations in pediatric C X L  are the pain induced by
epithelial debridem ent and consequent tem porary visual loss,
w hich m ake postoperative m anagem ent m ore com plicated. The
risk of postoperative com plications (eg, estrom al haze and
infection)21 and the variable period of visual recovery (2 to 6
m onths)14 represent other lim itations to consider in pediatric
treatm ents.

In this series of patients, pain w as controlled w ith topical
and oral m edication and use of therapeutic contact lens. N o m a-
jor com plications w ere seen. There w as no decrease in endothelial
cell count, a finding supported by W ollensak and associates.22

Tw o eyes (12.5% ) presented grade one haze, w hich regressed
after a m onth of topical steroid therapy.

In our study, at the last follow -up visit, B SC V A  im proved
by at least one Snellen line in 6 eyes (37.5% ) and rem ained
stable in 9 eyes (56.25% ). O nly one eye lost one Snellen line in
B SC V A  and tw o lines in U C V A , tw o years after treatm ent. It
w as a 10-year old m ale patient at diagnosis w ith a progressive
stage II keratoconus. H ow ever, in this patient, keratoconus
stability w as noted up to 34 m onths of follow  up after C X L . Tw o
eyes (12.5% ) in habitual eye rubbers required a re-treatm ent
due to keratoconus progression, at 15 and 28 m onths after first
C X L . U nfortunately, anterior segm ent O C T  w as not available in
our setup, and is noted as a lim itation of the study. Topographic
results show ed statistically significant im provem ent in K m ax up
to tw o years after C X L . H ow ever, it lost significance over tim e.

A rora et al. 23 included 15 eyes of 15 pediatric keratoconus
patients (10 to 15 years) in their prospective study and reported
results w ith follow  up of a year. The authors did not docum ent
keratoconus progression prior to C X L  and they based their
decision of perform ing C X L  on status of the fellow  eye (all fellow
eyes had advanced keratoconus dem onstrating either hydrops
or required corneal transplant). A t the end of a year after C X L ,
m ean flattening of apical keratom etry (K ) w as 1.01 ± 2.40 diopters,
m ean uncorrected distance visual acuity (U D V A ) im proved
significantly from  20/200 to 20/100 (P  = 0.035) and m ean corrected
distant visual acuity (C D V A ) from  20/70 to 20/40 (P  = 0.003).

B akshi et al.24 in their retrospective study enrolled nine
eyes of nine consecutive progressive keratoconic pediatric
patients (11 to 17 years) and after C X L , patients w ere follow ed
for up tw o years. M ost patients (7 of 9, 77.8 % ) show ed long
term  stability. Im provem ent in C D V A , keratom etry indices and
refraction w ere noted, how ever they did not reach statistical
significance, w hich m ay be due to the sm all sam ple size.

V inciguerra et al.25 dem onstrated outcom es of standard
C X L  in 40 eyes of 40 pediatric (9 to 18 years) patients in a
prospective study w ith up to 2 years of follow  up. A fter C X L , all

keratoconic eyes w ere stabilized, furtherm ore there w as a
statistically significant im provem ent in C D V A , refraction and
keratom etric indices.

Prospective study report from  C aporossi et al.,26 (Siena
C X L  Pediatrics trial), involving 152 eyes of 77 patients (10 to 18
years) rem ains the largest series w ith the longest follow  up (3
years). The study dem onstrated after C X L , keratoconus stabilized
and dem onstrated rapid significant visual function im provem ent
in the pediatric patients. There w as a better and faster visual
recovery in eyes w ith less than 450µm  corneal thickness,
com pared w ith the thicker cornea group.

T hese publications have dem onstrated that visual, refractive
and topographic stabilization and im provem ents after pediatric
C X L  are sim ilar to that report for adult treatm ent, w ith stability
or im provem ent m aintained for up tw o years follow  up w hen
treated w ith the standard protocol. C hatzis et al. 3 found sim ilar
outcom es over tw o year, how ever, they noted som e keratom etric
progression at the three years of follow  up. It suggests that pediatric
C X L  m ay not provide long-term  stability com parable to adult
treatm ent and m ay require re-treatm ent especially in the subset
of patients w ho persist in rubbing their eye.

A lthough only a few  studies have reported C X L for pediatric
keratoconus, our study show s the feasibility of this treatm ent in
our sm all group of patients. A  larger num ber of patients,
random ized into control versus treated, w ould aid in determ ining
the efficacy of this treatm ent for reversing sym ptom s and signs of
keratoconus in pediatric patients.  O ur study is lim ited by the
sm all num ber of eyes. N evertheless, in this patient group, efficacy
of C X L  w as noted as keratom etric, visual, refractive values either
stabilized or som ew hat im proved in m ost eyes.

C O N C LU SIO N

In this study, C X L  w as a safe and effective option for the
treatm ent of progressive low  stage keratoconus in children.
H ow ever, the effect of halting the disease m ay not be long lasting
and m ay require re-treatm ent.
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