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SUMMARY

Introduction/Objective The aim of this study was to evaluate the outcome of corneal collagen cross-
linking (CXL) in patients with progressive keratoconus.

Methods This retrospective single-centered interventional study included 52 eyes of 41 patients who
underwent epithelium-off CXL procedure at the age > 18 years. Corneal tomography data, uncorrected,
and best spectacle-corrected distant visual acuity (UDVA and CDVA, respectively) were analyzed at
baseline and postoperatively over the initial 12-month period. In addition, the natural course of corneal
tomographic changes was demonstrated at one, three, six, nine, and 12 months after the CXL procedure.
Results At one year, mean UDVA improved significantly from 0.15 + 0.22 (0.3 min - logMAR - 0 max
logMAR) at baseline to 0.06 + 0.09 logarithm of minimum angle resolution (logMAR) (0.1 min logMAR
- 0 max logMAR) (p = 0.024). Mean CDVA was 0.45 + 0.39 0.45 + 0.39 logMAR (0.8 min logMAR - 0 max
logMAR) at baseline and 0.06 + 0.13 logMAR (1 min logMAR - 0 max logMAR) at one year (p = 0.039).
Maximum keratometry showed a significant flattening of 1.36 D £ 1.53 D (p = 0.0032) at one year after
CXL. Minimum keratometry significantly decreased with a mean change of 1.15 + 1.20 (p = 0.011). Mean
anterior and posterior best fit sphere (ABFS and PBFS, respectively) remained stable during the entire
follow-up period. Mean reduction of corneal thickness after CXL was 47 + 61 pm (p = 0.003). At one year,
29 (56%) eyes showed K max regression, 22 (53%) showed stabilization, and one (2%) showed progres-
sion. Spearman correlation coefficients were calculated to assess the correlation between difference
in preoperative corneal thickness (CT), in posterior elevation corneal thickness (PECT), and minimum
corneal thickness, ACT (PECT — minCT) and radius difference Ar (r1-r2). Spearman rs > 0.3 proved statisti-
cal significance and correlation.

Conclusion In our study, CXL effectively prevented progression of keratoconus in 98% of eyes at one
year, while improving visual acuity. The effect of CXL can be evaluated at the earliest after six months;
at that time, the stability of the corneal shape was provided by following the CXL procedure. The main
limitation of this study is the small number of patients included.

Keywords: corneal collagen cross-linking; keratoconus; CXL

INTRODUCTION

Keratoconus (KC) is an asymmetric, bilateral,
progressive ectatic disorder, which leads to cor-
neal thinning and protrusion. Reduced visual
acuity occurs because of induced progressive
myopia, irregular astigmatism and scarring.
KC typically appears in the teenage years and
progress until the fourth decade of life [1, 2].
The origin of this corneal ectatic disorder was
believed to be multifactorial with an autosomal
recessive or dominant pattern of inheritance
[3, 4]. It can arise as an isolated condition or as
a result of genetic predisposition triggered by
environmental factors. KC is commonly associ-
ated with atopy, Down syndrome, eye rubbing
habit, and the use of contact lenses [3, 5, 6]. The
disease is widespread, with an annual incidence
of approximately 1 in 2000, and a prevalence of
54.5 cases per 100,000 population [7].
Conservative treatment modalities, such
as spectacles and gas-permeable rigid con-
tact lenses become insufficient for visual

rehabilitation in advanced stages of KC. Thus,
it is important to diagnose KC as early as pos-
sible. The introduction of corneal collagen
cross-linking (CXL) significantly reduced the
need for corneal transplantation, which is usu-
ally required in advanced stages of KC [5].

Corneal crosslinking was introduced by
Wollensak et al. [7], to slow down or stop the
progression of KC. This process also occurs
physiologically with aging. Spoerl and Seiler
developed photochemical CXL with riboflavin
(vitamin B,) and ultraviolet A (UVA) (370 nm)
[7]. Upon excitation by UVA, photosensitizer ri-
boflavin generates reactive oxygen species. These
free radicals induce formation of additional co-
valent bonds between collagen molecules result-
ing in corneal stiffening. Riboflavin also protects
deeper ocular structures including endothelium,
lens, and retina from UVA damage [8].

The main aim of CXL is to increase cor-
neal biomechanical stability in keratoconic
eyes. Wolensak et al [9] reported an increase
in corneal rigidity of the human cornea by up
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to 300% after CXL. Stiffening of the cornea flattens the
corneal apex and may improve uncorrected visual acu-
ity, whereas changes in corneal symmetry may lead to the
improvement of corrected visual acuity.

The aim of this study was to report visual and tomo-
graphic outcomes of standard CXL procedure for pro-
gressive KC in Serbian patients treated at a single corneal
surgical center. In addition, natural course of tomographic
changes across the initial 12 months after CXL was dem-
onstrated.

METHODS
Patients and methods

This retrospective single-center study included 52 eyes of 41
patients at the age > 18 years, who underwent standard cor-
neal CXL treatment for progressive KC between November
2014 and November 2017. All the patients were followed
up for at least one year. The study was performed in adher-
ence to the tenets of the Declaration of Helsinki, and the
institutional and informed consent regulation of the Clinic
for Eye Diseases, University Clinical Center of Serbia.

All the patients underwent complete eye examination
at all follow-ups including visual acuity measurement
(Snellen chart), slit-lamp biomicroscopy, and corneal to-
mography. The following data were analyzed from medical
records: uncorrected and corrected distant visual acuity
and corneal tomography. These data were obtained at
baseline (before CXL), one month, three, six, nine, and
12 months after the CXL procedure. Visual acuity was con-
verted to logMAR values for statistical analysis.

Corneal tomography was performed using the Orbscan
Topography System (Orbscan II, Bausch and Lomb,
Rochester, NY, USA). The following parameters were
analyzed: maximum keratometry (K max), minimum
keratometry (K min), simulated keratometry (Sim K),
posterior elevation height (PEH), anterior and posterior
best fit sphere values (ABSF and PBFS, respectively), radius
of ABFS (ABFSr) and PBFS (PBFSr). Corneal thickness
was estimated in two spots including corneal thickness in
the spot of the highest posterior elevation (PECT) and the
spot of minimum corneal thickness (MCT). The position
of these two spots was determined as the radius from the
corneal apex (PECT-r1 and MCT-r2, respectively).

Changes in K max were defined as K max regression
(> 1 D decrease in K max), K max stabilization (< 1 D
change in K max), and K max progression (> 1 D increase
in K max) in comparison with baseline values (before the
CXL procedure) as described by Koller et al. [10]. In our
study, this was also applied for changes in K min values.
The main limitation of this study is small number of pa-
tients included.

Surgical procedure

Standard epithelium-off (Dresden) CXL procedure was
performed as previously described by Wollensak et al. [7].
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Central 9-mm epithelium was removed by mechanical de-
bridement. Isotonic 0.1% riboflavin-20% dextran solution
(10 mg riboflavin-5-phosphate in 10 ml dextran solution)
was administered topically at intervals of two minutes for
30 minutes. Slit lamp examination was used to confirm
riboflavin absorption throughout the corneal stroma and
anterior chamber. Then, central cornea was exposed to
UVA irradiation (365 nm) for 30 minutes using a UV light
lamp ( Intacs XL corneal crosslinking system, Addition
Technology, Des Plaines, IL, USA) at irradiance of 3 mW/
cm? and 5.4 J/cm? total energy dosage. During UVA ex-
posure, isotonic riboflavin was administered every two
minutes. Postoperatively, ofloxacin eye drops four times a
day (quid) for one week, fluorometholone eye drops quid
with taper for one month, and artificial tears quid for six
months were administered. Therapeutic soft contact lens
was applied until complete reepithelization of the cornea.

Statistical analysis

The values are expressed as mean * standard deviation in
the tables and graphs. To explore normal distribution, a
Shapiro-Wilk analysis was performed. Data obtained from
preoperative and postoperative follow-ups were compared
using the analysis of variance (ANOVA). Spearman cor-
relation coefficients were calculated to assess the correla-
tion between difference in preoperative corneal thickness,
in PECT and MCT, ACT (PECT - min CT) and radius
difference Ar (r1-r2). Spearman rs > 0.3 proved statisti-
cal significance and correlation. The level for statistical
significance was set as less than 0.05 (p < 0.05) and high
statistical significance as less than 0.01 (p < 0.01). Statistical
analysis was performed using PASW Statistics, Version
18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

In this retrospective study, 52 eyes of 41 patients with
progressive KC were included. All the patients underwent
standard epi-off CXL procedure. Thirty (73.17%) patients
were male and 11 (26.83%) were female. Mean age at the
time of surgery was 25.28 + 5.71 years. All the patients
have been followed up for at least one year.

Uncorrected and corrected distant visual acuity

Mean UDVA improved significantly from 0.15 + 0.22
logMAR at baseline to 0.06 + 0.09 logMAR at one year
(p = 0.024). Mean spectacle CDVA was 0.45 * 0.39 log-
MAR preoperatively and 0.06 + 0.13 log MAR at one-year
follow up (p = 0.039).

Corneal tomography

Maximum keratometry value significantly decreased 12
months after CXL with a mean change of 1.36 £ 1.53 D
in comparison with preoperative value (p = 0.0032).

Significant flattening of K max value was observed at six
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was found in 29 eyes (55.76 %). Stabilization of K max
(AK max < 1 D) was observed in 22 eyes (42.31%).
Interestingly, K min regression, as demonstrated in
Table 2, was documented in 29 eyes (55.76%), whereas
stabilization of the flatter meridian at one year was
observed in 21 eyes (40.38%). Progression of KC, with
an increase in both meridian, K max and K min, was
found in one eye (1.92 %) (Table 2).

The baseline and follow-up measurements showed
that both ABFS and PBFS values remained stable af-
ter CXL treatment (p > 0.05) (Table 1, Figure 3). As

Figure 1. Changes in K max, K min, and Sim K over one-year follow-up

period;

Sim K - simulated keratometry; K min — minimum keratometry; K max - maximum

keratometry

Table 1. Preoperative and postoperative one-year tomographic values and

their statistical significance

presented in Figure 4, compared with the baseline, the
mean radius of both anterior and posterior BFS in-
creased at six-months follow-up; however, this change
was not statistically significant (p > 0.05). There was
also no statistically significant difference between
mean preoperative and postoperative posterior el-

evation height values until the end of the follow-up

Parameter Preoperative Postoperative (1 year) p

SimK 445+25 43+24 >0.05
K'max 51156 496+53 0.003
K'min 46.7 £ 4.6 454 +4.7 0.011
ABFS 43.92+1.98 43.6 £2.09 >0.05
PBFS 552+3.2 55.6+2.9 > 0.05
ABFSr 7.7+03 78+04 >0.05
PBFSr 6.1+£04 6.1+£0.3 >0.05
PEH 0.1+0.05 0.14£0.1 >0.05
PECT 432.1 £58.5 3929+71.7 0.003
MCT 423.5+60.62 379.7 £743 0.001
r1 (PECT) 1+04 1.6+£0.5 >0.05
r2 (min CT) 09+04 09+0.5 >0.05

K max — maximum keratometry; K min — minimum keratometry; Sim K - simulated
keratometry; PEH — posterior elevation height; ABSF - anterior best fit sphere; PBFS -
posterior best fit sphere; ABFSr — radius of ABFS; PBFSr - radius of PBFS; PECT — corneal
thickness in the spot of highest posterior elevation; MCT - minimum corneal thickness;
r1 - radius in PECT; r2 - radius in MCT; min CT - corneal thickness in the spot of the

thinnest cornea

Table 2. Changes in Kmax and Kmin and their correlation at one year follow-

up period
AKmax > 1D| | AKmax < 1D | AKmax > 1D1
AKmin> 1D} 26 (50%) 3 (5.76%) 0 29 (55.76%)
AKmin< 1D 3(5.76%) 18 (34.61%) 0 21 (40.38%)
AK'min > 1D? 0 1(1.92%) 1(1.92%) 2 (3.84%)
29 (55.76%) 22 (42.31) 1(1.92%)

AK max - change of maximal keratometry; AK min — change of minimal keratometry

period (Table 1).
Pachymetry

Mean values of corneal thickness in the highest pos-
terior elevation spot (PECT) and in the spot of the
thinnest cornea (MCT) at baseline at all follow-ups
are shown in Table 1 and Figure 3. These measure-
ments of corneal thickness were highly statistically
decreased after CXL procedure during the entire
follow up period (p < 0.01) (Figure 5 and Table 1).
Furthermore, as shown in Figure 3, there was no
significant difference in mean corneal thickness
between these two spots following CXL procedure
(p > 0.05). Mean radius values in the spot of the
lowest corneal thickness (rl) and in the spot of the
maximum posterior elevation height (r2) were not
significantly different at any of the follow-ups as well
(p > 0.05) (Table 1). However, statistically significant
difference in corneal thickness between these two
spots was observed at baseline in cones with mis-
matched position of minimum CT and maximum
PEH, (p < 0.001). Preoperative difference in cor-
neal thickness in these spots was in high correlation
with the difference in their radius from corneal apex
(Spearman rs = 0.3).

months follow up (p = 0,0108) and remained stable after-
wards (Figure 1, Table 1).

Furthermore, K min value significantly decreased with
amean change of 1.15 + 1.20 D at one year after CXL pro-
cedure (p = 0.011). A significant improvement of K min
was observed at nine months (p = 0.036) and remained
statistically significant until the end of the follow-up period
(Table 1, Figure 1).

The mean Sim K values showed statistically significant
steepening at one month after CXL (p = 0.016), becoming
not statistically significant after the third month until the
end of the follow-up period (Table 1, Figure 1).

K max regression at one-year follow-up, with corneal
flattening > 1 D in comparison with preoperative value,

Srp Arh Celok Lek. 2022 Jul-Aug;150(7-8):445-450

DISCUSSION

The effectiveness and safety profile of standard epitheli-
um-off CXL procedure in halting the progression of KC
has been already demonstrated [11]. Cornel CXL using
riboflavin as photosensitizer and UVA light increases bio-
mechanical stiffening of the keratoconic corneas as well
as its resistance to collagenase activity. The effect of CXL
is limited to the anterior 300 pm [7, 9, 12].

The procedure stimulates corneal remodeling while ef-
fectively prevents KC progression. This is usually accompa-
nied by an improvement in visual acuity and topographic
indexes. The efficacy of CXL procedure in the majority of
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while improving visual and refractive outcomes at one
year after CXL procedure [8, 11, 13]. Natural course of
topographic changes after CXL is important for proper
visual rehabilitation. Better spectacle correction and
contact lens tolerance following CXL was observed in
our and similar studies [13, 14, 15]. In addition, it is
of particular interest to evaluate treatment response
after CXL at different time points.

Significant worsening of topographic values at one

MONTH 0 MONTH 1 MONTH 3 MONTH 6 MONTH 9

month followed by flattening until six months was

Figure 2. Changes in ABFS and PBFS over one-year follow-up period;
ABFS - anterior best-fit sphere; PBFS - posterior best-fit sphere

observed in our patient cohort. Interestingly, there
was a plateau between six and 12 months. This was
also shown in the study by Chang and Hersh [16].

- .
- - - - -~ - - - - ——— -

6.1 6.1 6.2 6 6.1

O B N W & U O N ® ©

MONTHO MONTH1 MONTH 3 MONTH 6 MONTH9 MONTH12

- = ABFSK PBFSr

However, continual improvement in K max with long-
term flattening was also reported in some studies [17].

The trend observed in the natural course of post-
operative keratometry allows us to evaluate cross-
linking efficacy at six to 12 months. In our study;,
KC progressed in one eye (2%) after receiving CXL.
Progression of KC, defined as an increase in K max
of 1 D over the preoperative value, has been reported
after CXL procedure ranging 8.1-33.3% of cases [18].

According to the Global Consensus KC, KC pro-

gression is defined by “a consistent change in at least

Figure 3. Changes in radius of anterior and posterior best fit sphere over  two of the following parameters where the magnitude

one-year follow-up period;
ABFSr — anterior best fit sphere radius; PBFSr — posterior best fit sphere radius

of the change is above the normal noise of the testing
system: steepening of the anterior or posterior cor-

PECT —@—minCT
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neal surface and thinning and/or an increase in the
rate of corneal thickness change from the periphery to
the thinnest point” [19]. However, due to the natural
changes in tomographic indices after CXL, there is still
no clear consensus for defining KC progression after
CXL. Corneal thinning has been observed in cross-
linked corneas in our and similar studies [15]. We also
observed a significant decrease of corneal thickness in
both spots, maximum PEH and MCT, during one-year
follow-up. This is in line with other studies [20]. Mean
corneal thickness in both points, PEH and MCT, was
the thinnest between three and six months with sub-
sequent improvement until the end of the follow up;
however, corneal pachymetry remained significantly

Figure 4. Changes in pachymetry values over one-year follow-up;

decreased at one-year follow-up [8].

PECT - corneal thickness in posterior elevation spot; min CT - corneal thickness in Steepening of the anterior and posterior corneal

the spot of the thinnest cornea

studies is determined by comparing pre- and postoperative
K max values. Thus, maximum keratometry parameter is
currently the standard in evaluating the efficacy of CXL
for progressive KC [11, 12, 13].

In our study, standard CXL procedure halted KC pro-
gression in 98% of eyes at one-year follow-up with an av-
erage of 1.36 D decrease in K max. Nonetheless, it seems
that the evaluation of both K max and K min gives better
insight into postoperative regularization of the anterior
corneal surface following CXL. Here, we demonstrated
that 85% of cross-linked patients developed flattening of
both orthogonal meridians as well. This was associated
with a significant improvement in UCDVA and CDVA.
Some other studies have also reported a decrease in K max

‘ DOI: https://doi.org/10.2298/SARH200731062P

surface has been generally considered a sign of KC

progression in untreated patients. Interestingly,
Sedaghat et al. [20] showed that ABFS had not been
changed significantly after CXL, but posterior BFS in-
creased six months postoperatively, and remained stable af-
terwards. In contrast, Grewal et al. [21] reported neither of
BES changes following CXL. Likewise, in our study, there
was no significant change in ABFS and PBFS mean values
during the initial 12 months after CXL. Furthermore, mean
values of posterior elevation height remained stable during
the follow up period. These data indirectly indicate biome-
chanical corneal stability in keratoconic eyes after receiving
CXL procedure. We also demonstrated regularization of
corneal shape following CXL; baseline difference in mean
preoperative radius between the spot of maximum PEH
and the spot of minimum CT was lost following CXL.

Srp Arh Celok Lek. 2022 Jul-Aug;150(7-8):445-450
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CONCLUSION

In summary, here we reported visual and tomographic
outcomes of CXL for progressive KC in Serbian patients
treated at a single corneal surgical center. Standard CXL
procedure effectively halted KC progression in 98% of eyes
at one-year follow-up. We also confirmed efficacy of CXL
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in regularisation of anterior corneal geometry while im-
proving visual acuity. The effect of CXL can be evaluated
at the earliest after six months, at which time the stability
of corneal shape is the result of the natural course of topo-
graphic changes following CXL procedure.
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Tomorpadcke npoMmeHe HaKOH KOPHEANHOT KONAreHCKOr KPOoC-IUHKUH20 KO,
NPOrpecMBHOTr KEPATOKOHYCA — CTYAM]ja jeaHoroauwer npahemwa

TnaHa Metposuh', CBetnaHa CraHojnosuh'2

'YHVBEP3UTETCKM KNMHUYKM LieHTap Cpbuje, KnnHnKa 3a ouHe 6onectu, beorpag, Cpbuja;

2Ynneepautet y beorpagy, MeanunHcku dakyntert, beorpag, Cpbuja

CAMXETAK

Yeoa/Uusb Linsb oBe cTyauje je aa ce aHanu3npa ncxop KopHe-
anHor Kkpoc-nuHkuHea (KKJ1) kop 6onecHuKa ca nporpecmBHnM
KepaTOKOHYCOM.

MeTop OBa peTpoCneKTBHA jeAHOLIEHTPMYHA CTYAWja UHTep-
BeHLUMje obyxBaTina je 52 oka Koa 41 6onecHUKa, CTapujux o
18 roamHa, Koju cy noaspryy T KKJ1-y ca yknamwarem enutena.
BpepnHocTn KopHeanHe Tomorpaduje, HeKopUroBaHa U KOpuUro-
BaHa BIAHa OLUTPMHA aHaNM3MpPaHy Cy NpeonepaTuBHO Vi TOKOM
12 MmeceL nocTonepaTrBHO. Takohe, MPUPOLHN TOK KOpHeas-
HUX TOMOrpadCKmx NpoMeHa NpuKasaH je jefaH mecel, Tpu,
wecT, geset 1 12 meceum nocsie npoueaype KKJ1.

Pesyntatu Cpeftba KOprroBaHa BUHa OLITPKHA 3HaYajHO ce
nob6osbwana og 0,45 + 0,39 go 0,06 + 0,13 (0,8 MmuH. norMAP
- 0 makc. norMAP) norapntma MUHUMAJHOT yriia pe3onyuuje
(norMAP) HakoH rogunHy gaHa (p = 0,011). Takobhe, 3HauajHO
ce no6osbluana n cpeftba HEKOPUroBaHa BUAHA OLUTPUHA Of
0,15+ 0,22 go 0,06 + 0,09 norMAP (0,3 MmuH. norMAP - 0 makc.
norMAP). MakcrmanHa KepaToMeTpuja MoKasana je 3HayajHo
3apaBmerbe of 1,36 1 + 1,53 [1 (p = 0,0032) roguHy faHa nocne
npoueaype. MmHumasnHa KepatomeTpuja 3HauajHO ce CMatbusa,
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ca npomMeHoMm cpefhe BpeaHoctnoa 1,154+ 1,20 1 (p=0,011).
Cpepnra BpeHOCT fieb/brHe poxHaue nocne npoueaype
cmambuna ce 3a 47 + 61 mukpometapa (p = 0,003). Mocne rogu-
Hy faHa 29 (56%) ounjy nokKasano je perpecujy MmakcumanHe
KepaTomeTpujcke BpeaHOCTY, 22 (42,31%) ctabunusauujy, a jen-
HO (2%) nporpecujy kepatokoHyca. CnMpmMaHOB KoepuLmjeHT
Kopenauwuje je kopuwheH aa 6u ce n3payyHana Kopenauuja
n3mehy pasnuke y npeonepatBHOj AebmbUHY poxraye ([P), y
BeObYHN POoXKHbaYe Ha 3aaH0j enesaumjv (OP3E) n MUHUManHoj
Ae6mrHy poxtbade, AP (OP3E - muH. IP) n pasnuke nony-
npeyHnka Ap (p1-p2), u [OKa3ao je CTaTUCTUYKY 3HauajHOCT 1
Kopenauujy (p > 0,3).

3aKsbyyak Y Halloj CTyaujy nporpecmja KepaTokoHyca eduKac-
HO je cnpeyeHa koA 98% ouujy y3 nobosbllare BUAHE OLITPUHE.
Edekat KKJ1-a MoXxe ce aHanu3npaty HajpaHmje nocse LWwecT me-
ceum ¢ 0631pPOM Ha TO fia ce Tafa NOCTUXKE CTabUNHOCT 06/VKa
poxraue HakoH npoueaype KKJ1. Hajgehu orpaHuuasajyhin
dbakTop oBe cTyayje je Manu 6poj yKIbyueHrx bonecHuKa.

KrbyuHe peun: KopHeanHn KonareHCKn Kpoc-JIUHKUHE; Kepa-
TOKOHYC; KKJ1
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