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ABSTRACT | Purpose: To report alterations in the anterior
segment following accelerated corneal collagen cross-linking
and topo-guided customized ablation treatment with the Nidek
vision excimer laser system (Nidek Co., Ltd., Gamagori, Japan)
in a single procedure. Methods: We reviewed the medical
records of patients who underwent cross-linking for progressive
keratoconus. We divided patients into four groups based on the
treatment protocol. Eyes were evaluated regarding uncorrected
distance visual acuity, corrected distance visual acuity, keratometry
(maximum [K ], equivalent keratometry readings, K = and
K, .. parameters), corneal elevations (anterior and posterior), the
anterior radius of curvature, the posterior radius of curvature,
anterior chamber volume, anterior chamber depth, anterior
chamber angle and the pachymeter of the thinnest locale of the
cornea before the surgery and at 1, 3, 6, and 12 months after
the procedure. Results: We included 259 eyes of 227 patients
with progressive keratoconus who underwent treatment. The
mean respective baseline uncorrected distance visual acuity and
corrected distance visual acuity were: 0.68 + 0.45 and 0.34
+ 0.40 in Group 1; 0.82 + 0.44 and 0.33 + 0.23 in Group 2;
0.61 £ 0.36 and 0.21 + 0.17 in Group 3; and 0.65 + 0.38
and 0.23 + 0.18 in Group 4; logMAR did not show significant
difference among the groups (p=0.14 and p=0.06, respectively).
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Visual improvements were better in the combined surgery groups.
Mean K in Groups 1, 2, 3, and 4 were 57.24 + 7.51, 59.26 +
6.94, 53.73 + 4.60, and 54.31 + 4.25 diopter (D), respectively.
Group 1 demonstrated increased K__ for 6 months. Maximum
flattening by 3.38 + 2.35 D 1 year after surgery was observed in
Group 4 (p<0.05). Decreased anterior chamber angle, anterior
chamber depth, and anterior chamber volume were similar,
indicating the stability of the anterior chamber. Conclusion:
Visual and anatomical improvement is better, with improved
stability of the anterior segment, in combined surgery groups
compared with cross-linking alone.

Keywords: Anterior; Keratoconus; Photorefractive; Photothera-
peutic; Scheimpflug

RESUMO | Objetivo: Relatar alteragdes no segmento anterior
apos cross-linking acelerado de coldgeno da cérnea e tratamento
de ablagdo personalizado guiado por topografia com sistema laser
de excimer de Nidek em um tGnico procedimento. Métodos:
Foram revisados os prontudrios de pacientes submetidos ao
cross-linking para ceratocone progressivo. Dividimos os pacientes
em quatro grupos com base no protocolo de tratamento. Os olhos
foram avaliados quanto a distdncia da acuidade visual ndo corrigida,
distancia da acuidade visual corrigida, ceratometria (K,
de ceratometria equivalentes, parametros K, e K ), elevacoes
da cérnea (anterior e posterior), raio anterior da curvatura, raio
posterior da curvatura, volume da cdmara anterior, profundidade
da camara anterior, dngulo da camara anterior e paquimetro do
ponto mais fino da cérnea antes da cirurgia e com 1, 3, 6 e 12 meses
ap6s o procedimento. Resultados: Foram incluidos duzentos e
cinquenta e nove olhos de 227 pacientes com ceratocone progressivo
submetidos a tratamento. A média da distdncia da acuidade visual
nao corrigida e a média da distancia da acuidade visual corrigida
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foram 0,68 + 0,45 e 0,34 + 0,40 no grupo-1, 0,82 + 0,44 e
0,33 + 0,23 no grupo-2, 0,61 + 0,36 € 0,21 + 0,17 no grupo-3,
0,65 + 0,38 0,23 + 0,18 no grupo-4 em LogMAR sem diferenca
significativa entre os grupos (p=0,14 e p=0,06). Melhoras visuais
foram superiores em grupos de cirurgia combinada. A média
de K em dioptria no grupo 1, grupo 2, grupo 3 e grupo 4 foi
de 57,24 + 7,51, 59,26 + 6,94, 53,73 + 4,60 e 54,31 + 4,25
respectivamente. O grupo 1 demonstrou aumento do K  por

max

seis meses. Maximo achatamento foi observado no grupo 4 por
3,38 + 2,35 D 1 ano ap6s a cirurgia (p<0,05). A diminuicdo do
angulo da camara anterior, da profundidade da cdmara anterior
e do volume da cdmara anterior foi semelhante, indicando a
estabilidade da camara anterior. Conclusdo: A melhora visual e
anatdmica é superior com a estabilidade melhorada do segmento
anterior em grupos de cirurgia combinada em comparagao com
o cross-linking isolado.

Descritores: Ceratocone; Segmento anterior do olho; Reagentes
para ligagoes cruzadas; Acuidade visual

INTRODUCTION

The cornea contributes two-thirds of the refractive
power of the eye, and a clear cornea with optimal cur-
vature and symmetry is the fundamental component
allowing light to enter the eye and form a real image on
the light-sensing retina. Keratoconus (KC) is a degenera-
tive, progressive disorder of the cornea characterized by
thinning and irregular corneal topography™. Disruption
of the corneal collagen network leads to degeneration
with subsequent surface curvature irregularities and de-
creased vision. Due to abnormal corneal biomechanics,
anterior segment parameters change and contribute to
compromised vision with wavefront aberrations. Corne-
al collagen cross-linking (CXL) is a procedure applied
to initiate the formation of new molecular bonds betwe-
en the collagen fibrils, resulting in increased corneal
biomechanical strength®. Conventional CXL and some
modalities of CXL are useful in halting progression with
significant reductions in topographic data®. Moreover,
protocols (i.e., Athens protocol®, Cretan protocol®, and
Cretan protocol plus®) combining CXL with selective
excimer laser ablation are described. However, different
excimer laser platforms have different ablation patterns
and algorithms for topo-guided ablations.

In this retrospective study, we aimed to evaluate
anterior segment parameters in patients with KC who
underwent a combination of topo-guided customized
ablation treatment and CXL in a single procedure using
Scheimpflug imaging.

METHODS

This was a retrospective study conducted in accor-
dance with the tenets of the Declaration of Helsinki,
with approval obtained from the institutional review
board of Giilhane Training and Research Hospital (An-
kara, Turkey). Written informed consent was provided
by each patient or patients’ parents (for those aged <18
years). We reviewed the medical records of patients
with progressive KC who underwent CXL surgery. In our
study, documented progressive KC was defined as an
increase in the topographic steepest keratometry value
by >1 diopter (D) in the previous 6 months. The ABCD
grading system, a newer tomographic method for staging
KC, was used”. We recorded the uncorrected distance
visual acuity (UDVA), corrected distance visual acuity
(CDVA), keratometry (maximum [K

ratometry readings, K and K,

s €quivalent ke-
parameters), anterior
radius of curvature, posterior radius of curvature, an-
terior chamber volume (ACV), anterior chamber depth
(ACD), anterior chamber angle (ACA), pachymetry of the
thinnest locale of the cornea, and corneal elevations
(anterior and posterior) prior to the surgery and at 1, 3,
6, and 12 months after the procedure.

The four groups based on treatment protocols were:
Group 1, CXL; Group 2, CXL+phototherapeutic keratec-
tomy (PTK); Group 3, CXL+photorefractive keratectomy
(PRK); and Group 4, CXL+PTK+PRK.

Inclusion and exclusion criteria

The inclusion criteria were: progressive KC in pa-
tients who underwent surgery and follow-up for >1
year; and baseline corneal thickness of >400 um. The
exclusion criteria were: history of previous eye surgery;
any other ophthalmic pathology; and corneal scarring.

Examination and measurements

The preoperative examination included UDVA,
CDVA, manifest and cycloplegic refractions, slit-lamp
evaluation, tonometry, and fundoscopy examination.
We used both Oculus Pentacam® topography (Oculus
Optikgerate GmbH, Wetzlar, Germany), which is a nonin-
vasive device determining the topography and pachyme-
try of the entire cornea using a 360° rotating Scheimpflug
camera and Optical Path Difference (OPD-Scan III%;
Nidek Co., Ltd., Gamagori, Japan) scanning system. We
stopped the use of soft and rigid contact lenses 2 and
>4 weeks prior to examination/surgery, respectively. For
treatment, we used a custom ablation transition zone
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(CATz) ablation profile (Quest; Nidek® Co., Ltd.) and the
final fit software (Nidek® Co., Ltd.) based on maps obtai-
ned from the linked topography device OPD-Scan 111®. We
measured both anterior and posterior corneal elevations
by using an 8.0-mm diameter area to calculate the best-fit
sphere derived, enhanced reference surfaces fixed to the
corneal apex, as displayed by Bellin-Ambrossio Enhan-
ced Ectasia Display (BAD) available on the Pentacam
(OCULUS® GmbH, Wetzlar Germany).

Surgical technique

After the administration of topical anesthesia with
proxymetacaine hydrochloride 0.5% eye drops (Alcaine;
Alcon, Inc., Hiinenberg, Switzerland), we performed
transepithelial PTK, PRK or PTK following PRK using the
Nidek Vision excimer laser system (Nidek® Co., Ltd.). The
diameter of the effective optical zone decreased to 5.5 mm,
and the transition zone was 1.5 mm. We mechanically
removed central 8 mm of the corneal epithelium and
performed corneal pachymetry using an ultrasound
pachymeter. We instilled a riboflavin (RF) solution with
hydroxypropyl methylcellulose in the center of the cor-
nea for 30 min (one drop every 2 min); of note, this was a
dextran-free solution (0.1% riboflavin + hydroxypropyl
methylcellulose, Mediocross M®; Avedro Inc., Waltham,
MA, USA). At the end of the instillation period, the
cornea was exposed to UVA/365 nm light at an incident
intensity of 18 mW/cm? for 5 min with a total energy
dose of 5.4 J/cm?. We placed a bandage soft contact lens
on the cornea at the end of UVA exposure, which was
removed after complete reepithelialization.

Postoperatively, we administered topical antibiotic
moxifloxacin (Vigamox®; Alcon Inc.) four times daily for
the first week. This was followed by administration of
topical nonsteroidal anti-inflammatory drops Nepafe-
nac 0.1% (Nevanac®; Alcon Research Ltd., Fort Worth, TX,
USA) four times daily for the first month, and artificial
tears with no preservation (Refresh®; Allergan Inc., Irvi-
ne, CA, USA) six times daily for the first month and as ne-
eded. Following complete epithelial healing, we added
loteprednol etabonate 0.5% (Lotemax®; Bausch+Lomb)
drops four times daily to the treatment regimen for
4 weeks.

We used the SPSS version 20.0 for Windows software
(IBM Corp., Armonk, NY, USA) for statistical analysis.
The Shapiro-Wilk test was employed to test the norma-
lity of the parameters, the paired sample t-test was used
to compare preoperative and postoperative variables
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in each group, and one-way analysis of variance was
utilized to compare groups. We calculated the relative
odds of favorable surgical outcome for a variable of in-
terest using logistic regression analysis. The Pearson or
Spearman’s test was used for correlation analysis related
to the distribution of the parameters. The Hosmer-Le-
meshow goodness-of-fit test was used to assess the
quality of the logistic regression model.

RESULTS

This study included 259 eyes of 227 patients. Table 1
presents the baseline demographics and corneal mor-
phology. Figure 1 presents all patients based on the ABCD
grading system described by Belin et al.””. Respective
postoperative UDVA and CDVA were: 0.51 + 0.38 and
0.27 + 0.32 in Group 1; 0.42 + 0.47 and 0.10 + 0.14 in
Group 2; 0.24 + 0.27 and 0.09 + 0.13 in Group 3; and
0.24 +£0.22and 0.08 + 0.11 in Group 4. Visual improve-
ments were significantly different among groups due to the
poor visual outcome in Group 1 (p=0.005). We obser-
ved the most significant visual improvements in Group
2. However, the differences in visual improvements in
patients who underwent topo-guided customized abla-
tion treatment and CXL were not statistically significant
between each other (p=0.97). The respective mean
UDVA and CDVA improvements were: 0.10 + 0.22 and
0.08 £ 0.21 in Group 1; 0.36 + 0.34 and 0.24 + 0.13 in
Group 2; 0.30 £ 0.27 and 0.10 + 0.11 in Group 3; and
0.35 + 0e.28 and 0.12 + 0.13 in Group 4. Comparison
of preoperative and postoperative K values showed
a statistically significant decrease during 12 months in
Groups 2, 3, and 4 (p<0.05). In contrast, the K__ value
increased for 6 months in Group 1. Intergroup analysis
showed a statistically significant difference between the
groups (p<0.05). Post-hoc analysis revealed that this
difference was related to a more significant decrea-
se in Group 4 in the 12th month (Group 1: 0.31 +
1.46 D; Group 2: 1.31 £ 3.52 D; Group 3: 1.20 +
2.31 D; and Group 4: 3.38 + 2.35 D) (Figure 2).
Figure 3 presents preoperative and postoperative equi-
valentkeratometryreadingsina 1-/2-/3-/4-/5-/6-/7-mm
zone. The mean preoperative back radius of mini-
mum curvature (R ) was 4.32 = 0.60 mm (Group 1),
4.09 + 0.65 mm (Group 2), 4.57 + 0.51 mm (Group 3),
and 4.54 + 0.48 mm (Group 4). A nonsignificant de-
crease of the back R . was observed, followed by a
nonsignificant increase in the 12th month. Front R
and backR . were highly correlated both preoperatively
and postoperatively (Figure 4).
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Table 1. Baseline demographics and corneal morphology

Group 1 Group 2 Group 3 Group 4 p-value

Sex 39.20% 27.80% 18.70% 19.60% >0.05

Female 60.80% 72.20% 81.30% 80.40%

Male
Fellow eye

Forme fruste KC 4% 5.60% 5.30% 1%

Subclinical KC 11.80% 11.20% 17.30% 14.40%

Clinical KC 80.20% 74.80% 76.10% 84.60%

Donor cornea 4% 8.40% 1.30% N/A
Age (mean + SD) 24.86 + 6.09 29.47 + 10.14 26.20 + 7.76 27.83 + 8.47 >0.05
UDVA (logMAR) 0.68 + 0.45 0.82 + 0.44 0.61 = 0.36 0.65 + 0.38 >0.05
CDVA (IogMAR) 0.34 + 0.40 0.33 £ 0.23 0.21 + 0.17 0.23 + 0.18 >0.05
ARC (mm) 6.52 + 0.65 6.25 + 0.54 6.83 + 0.41 6.77 + 0.43 <0.001
PRC (mm) 4.88 + 0.56 4.66 + 0.54 5,113 2 @37 5.07 £ 0.43 <0.001
Pachymeter (thinnest) (um) 425.64 + 76.35 436.36 *+ 35.05 456.30 * 36.01 465.89 * 29.71 <0.001
Pachymeter (highest point) (um) 483.23 + 63.13 442.19 + 40.30 482.81 + 56.86 476.85 + 61.12 <0.001
Front K1 (D) 47.70 £ 5.71 49.44 + 4.36 44.91 + 2.50 45.22 + 2.56 <0.001
Front K2 (D) 50.97 + 5.80 52.45 + 4.68 48.74 + 3.10 49.29 + 2.86 <0.001
Anterior chamber volume (mm?) 196.88 + 43 189.83 + 29.65 208.68 + 35 199.88 + 36.24 >0.05
Anterior chamber depth (mm) 3.37 £ 0.42 3.23 + 0.58 3.34 £ 0.47 3.33 £ 0.31 >0.05
Anterior chamber angle (°) 37.64 + 6.61 38 +6.27 39.30 + 5.01 38.84 + 6.03 >0.05
Front K (D) 57.24 + 7.51 59.26 + 6.94 53.73 + 4.60 54.31 £ 4.25 <0.001
Back R, (mm) 4.32 + 0.60 4.09 + 0.65 4.57 = 0.51 4.54 +0.48 <0.001
Ablation depth (um) N/A 58.29 + 15.13 (PTK)  30.35 + 11.68 (PRK) 46.42 + 17.29/26.39 + 9.02 (PTK/PRK)
Forward elevation (um) 23.98 + 13.23 27.97 + 10.88 18.98 + 8.25 20.89 + 8.85 <0.001
Backward elevation (um) 54.58 + 23.22 62.33 + 20.64 44.17 £ 16.18 47.32 £ 17.06 <0.001

ARC= anterior radius of curvature; CDVA= corrected distance visual acuity; D= diopter; K1= flat keratometry; K2= steep keratometry; KC= keratoconus; K__ = maximum kerato-
metry; N/A= not applicable; PRC= posterior radius of curvature; PRK= photorefractive keratectomy; PTK= phototherapeutic keratectomy; R = radius of minimum curvature; SD=

standard deviation; UDVA= uncorrected distance visual acuity.
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ARC=anteriorradius of curvature; CDVA= corrected distance visual acuity;
PRC= posterior radius of curvature.

Figure 1. Keratoconus grading of patients based on the ABCD system
described by Bellin et al.®.

The mean preoperative ACV was 200.44 + 36.82 mm®.
The mean postoperative ACV values at 1, 3, 6, and 12
months were 197.46 + 38.13 mm?3, 193.99 + 38.13 mm?,

195.66 + 38.70 mm?, and 196.25 + 38.46 mm?, respec-
tively. The decrease of ACV was statistically significant
and similar between the groups. The ACA decreased
significantly in Group 4 (p<0.001). Nevertheless, at 12
months, ACA measurements were similar between the
groups (p>0.05). Preoperatively, the mean ACD was
3.33 + 0.42 mm. Following surgery, the mean ACD va-
lues at 1, 3, 6, and 12 months were 3.34 + 0.32 mm,
3.29 + 0.39 mm, 3.33 + 0.34 mm, and 3.28 + 0.46 mm,
respectively. Scheimpflug measurements did not show
significant difference between the groups (p>0.05). At
baseline, the pachymetry of the thinnest locale of the
cornea was significantly different. Inevitably, postope-
rative pachymetry revealed significantly thinner corneas
compared with preoperative pachymetry in all groups
(p<0.001). Protocol comparison showed a statistically
significant difference between the groups. Figure 5 pre-
sents pachymetry and postoperative changes. An increase
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in pachymetry measurements at 12 months compared
with the first postoperative month was observed in all
groups. The increases were 4.35 + 10.78 um, 6.50 *
9.82 um, 7.23 + 29.18 um, and 12.63 + 26.48 um
in Groups 1, 2, 3, and 4, respectively (p=0.53). Ante-
rior elevations decreased in all groups. Table 2 presents
preoperative and postoperative elevations. All groups,
except Group 1, demonstrated statistically significant
decreases in corneal elevations following surgery
(p<0.05). However, posterior corneal elevations had in-
creased following surgery in Group 4 (p<0.001). A com-
parison of favorable surgical outcomes with preoperative
anterior segment parameters is presented in table 3.
Unfavorable surgical outcomes were 29.4%, 16.7%, 12%,
and 5.2% in Groups 1, 2, 3, and 4, respectively. Logistic
regression analysis demonstrated that none of the study

Change of Kmax
60 r
9.26
14
. 57.06
56 | 5617
M s Group 1
52 | —m.Gruup 2
—_— é?nup 3

50 _so.Gruup 4
43 !
48 .
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4

35

3

25 —

2 = 1st Month
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L = 6th Month

1 | . 1 = 12th Month

05

0 ; : . :

& Group 2 Group 3 Group 4
B -1

Figure 2. Baseline and postoperative maximum keratometric (K__)
readings. (A) Mean preoperative and postoperative interval maximum
keratometric readings considering four surgical planning strategies. (B)
Maximum keratometry difference between preoperative and postope-
rative intervals (K__ preoperative - K__ postoperative).

max max
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variables in the equation had a significant coefficient for
the formula Nagelkerke quuare: 0.46; x2: 4.611; p=0.79.

DISCUSSION

KC is a progressive degenerative corneal disorder,
generating a high degree of myopia and irregular as-
tigmatism due to impaired corneal biomechanics and
morphology. CXL is a treatment modality used to halt the
progression of the disease. Nevertheless, patients con-
tinue to require effective visual rehabilitation following
CXL. Photorefractive corneal surgeries and intraocular
surgeries are performed for a better visual outcome®.
In this study, we demonstrated and compared anterior
segment parameters preoperatively and postoperatively
following different treatment protocols.

Regarding K, all groups showed improvement,
which was more prominent in the combined surgery
groups. We observed flattening mostly in Group 4
(PTK+PRK+CXL), followed by Group 2 (PTK+CXL) and
Group 3 (PRK+CXL). The PTK procedure typically invol-
ves greater ablation depth compared with PRK. The abla-
tion depth was 58.29 + 15.13 pum, 30.35 + 11.68 um,
and 46.42 + 17.29 pm 26.39 + 9.02 um in Groups 2,
3, and 4, respectively. Hence, we hypothesized that the
flattening effect was related to the extent of ablation,
and this is more prominent in eyes that underwent
PTK. Furthermore, visual improvements were better in
patients who underwent topo-guided customized PTK.
In this procedure, the cornea is reshaped with precise
ablation. In Group 1, we observed an increasing K
postoperatively. Kontadakis et al.”” described a similar
postoperative change in the CXL Group, and this was
attributed to postoperative epithelial hyperplasia with
edema following the procedure. If this was related to
edema following the procedure, we would expect an
increase in pachymetry values. In our study, we recor-
ded decreased pachymetry values in the first month and
follow-ups for 12 months. We think that the increased
K . was related to irregular keratocyte activity during
the first 6 months following CXL, which misguiding the
scheimpflug camera.

Correlation between the anterior and posterior mi-
nimum radius of curvature was statistically significant at
12 months (r=0.83, p<0.001). Moreover, the change in
the radius of curvature following surgery was statistically
significant (r=0.33, p<0.001). However, the evaluation
of groups regarding the correlation of changes in the
anterior and posterior radius of curvature in Group 1
was not statistically significant (r=-0.03, p=0.86). Thus,
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anterior and posterior corneal asymmetry may increase
following CXL, although the biomechanical transforma-
tion of the whole cornea is significant. Asymmetrical
changes may cause unsatisfying visual improvement due
to increased aberrations.

ACV, ACD, and ACA are parameters that may be
indirectly affected by corneal biomechanical changes
and a shifting iris lens diaphragm. ACD is statistically
significantly increased in patients with KC"?. Although
studies have shown that ACV and ACA are also increa-
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sed, the differences were not statistically significant".
Nonetheless, some experts claim that we may observe
decrease in ACA due to compensating flattening of the
peripheral cornea?. According to our literature review,
an increased ACD is characteristic, mostly at the center
and apex location. Steepening and flattening counter-
balance one another; hence, the ACV and ACA may
change depending on the localization of the cone and
its radius of curvature. We recorded decreased ACV,
ACD, and ACA in all groups, although this change was
not statistically significant among groups and mostly si-
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CXL= collagen cross-linking; PRK= photorefractive keratectomy; PTK= phototherapeutic kera-

tectomy.

Figure 3. Corneal equivalent keratometry (EgK) readings in 1/2/3/4/5/6/7 mm. Keratometry readings
are shown as corneal surface. Central represents 1-mm EgK and both sides represent 2-mm EgK,
and subsequently 3, 4, 5, 6, and 7 mm. Steep and flat keratometry are presented in the same color
in the relevant month. A major change is observed in the combined surgical groups. Red color
represents baseline keratometric readings. The maximum change in keratometric readings and

corneal morphology was observed in Group 4.
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Figure 4. (A) Baseline correlation between the minimum curvature ra-
dius (R ) of the front and posterior surfaces. (B) Correlation between
the minimum curvature radius of the front and posterior surfaces at 12
months. (C) Correlation between the minimum curvature radius of the

front and posterior surfaces at 12 months, after excluding Group 1 (CXL).
milar after 6 months. These findings indicated stability

of the anterior chamber parameters following different
protocols of KC treatment.
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A,_: change in pachymetry at 12 months and 1 month.

Figure 5. Decreased pachymetry of the corneal thinnest location was
observed in all groups. Pachymetry at 1 month was thinner compared with
baseline; however, the thickness increased thereafter.

Posterior corneal elevation with the Pentacam ro-
tating scheimpflug camera is a novel marker for the
diagnosis of KC"?. These images are highly reproducible
and repeatable. In the present study, anterior corneal
elevations decreased in all groups, and decreasing an-
terior corneal elevations were significantly correlated
with flattening K (r=0.64, p<0.001). However, the
correlation between posterior elevation and K __ was
very slight and negative (r=-0.24, p<0.001). Posterior
corneal elevations decreased in all groups except Group
4. In this group, posterior corneal elevations increased
similarly to those noted in a study performed by Stein-
berg et al."®. Progressive increase of posterior corneal
elevation was unexpected, although stabilization of the
anterior part of the cornea was successful. The increa-
sing posterior corneal elevations may be related to
ongoing ectatic changes within the deeper layers of the
cornea. We observed this unexpected change only in
Group 4. Therefore, we hypothesized that this may be
related to the extent of ablation, which was the greatest
in Group 4. The correlation between the area of the
ablated cornea and posterior corneal elevation was not
statistically significant (p=0.16). However, frequency
analysis showed that 61.4% of all eyes had increased
posterior elevation following surgery. The rates were:
35.1% of the corneas in Group 1 with no ablation; 59.6%
of the corneas with ablation depth <50 pm; and 72.6%
of corneas with ablation depth ranging 50-100 pm. The
correlation was nonsignificant, although the frequency
increased with the area of the ablated cornea. We could
not measure the biomechanical properties of the cornea,
and this may be a limitation of our study.
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Table 2. Baseline and postoperative interval corneal elevations (anterior and posterior)

Group 1 Group 2 Group 3 Group 4
FE max (um) BE max (um) FE max (um) BE max (um) FE max (um) BE max (um) FE max (um) BE max (um)  FE diff BE diff
Baseline  28.31 + 12.55 62.41 +22.33 32.69 + 9.78 86.38 + 108.66 26.52 + 13.90 55.49 + 22.55 26.60 + 11.33 56.22 + 17.06
1Tmonth  26.77 + 14.05 62.67 + 22.42 30.39 + 10.13 70.72 + 21.11 22.97 + 13.84 58.72 + 20.99 21.28 + 13.72 64.24 + 18.27 p>0.05** p 0.05**
3 months 30.43 + 13.72 5859 + 19.16 30.15 £ 9.97 70.78 + 20.28 23.43 + 14.38 59.55 + 21.89 26.10 + 48.09 61.34 + 19.02 p >0.05** p<0.05**
6 months 29.02 + 14.75 61.86 + 21.62 30.42 +£9.99 71.28 £ 20.12 25.25 + 15.98 59.90 + 28.36 22.04 + 13.35 61.28 + 16.06 P>0.05** p<0.05**
12 months 27.11 + 13.16 59.88 + 24.49 30.17 +£ 9.14 72.17 + 18.53 21.35 + 10.67 53.62 + 18.04 22.00 + 14.00 64.80 + 17.74 p>0.05** p<0.05**
p>0.05* p>0.05* p<0.05* p<0.05* p<0.05* p>0.05* p<0.05* p<0.05*

*= comparison with baseline in each parameter. A paired-test was used; **= comparison between groups.
BE= back elevation; FE= front elevation; max= maximum.

Table 3. Surgical success following KC treatment 2. Wollensak G, Spoerl E, Seiler T. Riboflavin/ultraviolet-a-induced
EATIEET Limit p-value OR (95% Cl) CO”}?gherl] crlosslinking for the treatment of keratoconus. Am )
K. <55D <0.001 4.63 (1.911-11.240) Ophthalmol. 2003 Maly’135(5)'6“21?'71' . u |
THP <450 um <0.05 0.35 (0.16-0.75) 3. Cinar, Cingt AK, Turkcu FM, Yi se. H., Sahin A, Y1 ll”l.m A, et al.

Accelerated corneal collagen cross-linking for progressive kerato-
ARC <6.35 mm <0.001 0.28 (0.13-0.60) conus. Cutan Ocul Toxicol. 2014;33(2):168-71.
PRC <5.15 mm <0.001 0.16 (0.05-0.49 4. Kanellopoulos AJ, Asimellis G. Keratoconus management: long-
ACV <170 mm3 >0.05 1.15 (0.44-2.98) term stability of topography-guided normalization combined with
ACD <3 mm ~0.05 1.69 (0.48-5.89) high-fluence CXL stabilization (the Athens Protocol). ) Refract Surg.

2014;30(2):88-93.
FE <30 um <0.05 2.96 (1.35-6.46) o ) )

5. Kymionis GD, Grentzelos MA, Kankariya VP, Liakopoulos DA,

BE <60 pm <0.001 5.31 (2.31-12.21) Karavitaki AE, Portaliou DM, et al. Long-term results of combined

ACD= anterior chamber depth; ACV= anterior chamber volume; ARC= anterior radius transepithelial phototherapeutic keratectomy and corneal collagen
of curvature; BE= back elevation; Cl= confidence interval; D= diopter; FE= front crosslinking for keratoconus: cretan protocol. ) Cataract Refract
elevation; KC= keratoconus; K = maximum keratometry; OR= odds ratio; THP= Surg 2014;40(9):1439-45
thinnest pachymeter; PRC= posterior radius of curvature. ’ ’ ) ’

6. Grentzelos MA, Kounis GA, Diakonis VF, Siganos CS, Tsilimbaris

MK, Pallikaris IG, et al. Combined transepithelial phototherapeu-

. . . tic keratectomy and conventional photorefractive keratectomy

In this study, patients who underwent CXL following followed simultaneously by corneal crosslinking for keratoconus:

PTK had significantly better visual improvements. Cor- cretan protocol plus. ) Cataract Refract Surg. 2017;43(10):1257-62.

neal parameters Changed signiﬁcant]y among groups 7. Bqlin MW, Duncan JK..Keratoconus: The ABCD grading system.

due to procedures; however, the anterior segment . Elm Mznatz/bl A‘fenhe‘lkdl'zzm6’233(6)2'7131'7' Y Gordillo ch
. . . . Fernandez-Vega-Cueto L, Romano V, Zaldivar R, Gordillo s

Parameters (ACA,. ACV, ACD) did not differ. Patients Aiello F, Madrid-Costa D, et al. Surgical options for the refractive

in Group 4 required a longer follow-up to observe correction of keratoconus: myth or reality. ] Ophthalmol. 2017;

any ongoing ectatic change because these corneas are 2017:7589816.

already ectatic, and the safety limits of ablation are 9. Kontadgkls. GA, Kankariya VP, Tsoulr}aras K, I.Dalhkarls Al, Plaka

) Furth . 1 . b A, Kymionis GD. Long-term comparison of simultaneous topo-
unknown. Furthermore, posterior elevation may not be graphy-guided photorefractive keratectomy followed by corneal

a novel marker for postoperative follow-ups, contrary to cross-linking versus corneal cross-linking alone. Ophthalmology.

preoperative follow-ups. 2016;123(5):974-83.

10. Emre S, Doganay S, Yologlu S. Evaluation of anterior segment pa-
rameters in keratoconic eyes measured with the Pentacam system.
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