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Abstract

® AIM: To present the results of same-day topography -
guided photorefractive keratectomy (TG-PRK) and corneal
collagen crosslinking (CXL) after previous intrastromal
corneal ring segment (ISCR) implantation for keratoconus.

*METHODS: An experimental clinical study on twenty -
one eyes of 19 patients aged 27.1+6.6y (range 19-43y),
with low to moderate keratoconus who were selected to
undergo customized TG -PRK immediately followed by
ISCR
university ophthalmology clinic. Refraction, uncorrected

same -day CXL, 9mo after implantation in a
distance visual acuities (UDVA) and corrected distance
visual acuities (CDVA), keratometry (K) values, central
corneal thickness (CCT) and coma were assessed 3mo

after TG-PRK and CXL.

*RESULTS: After TG -PRK/CXL:

(logMAR) improved significantly from 0.66+0.41 to 0.20+

0.25 ( P<0.05); K;. value decreased from: 48.44+3.66 D to

43.71x1.95 D; K., value decreased from 45.61+2.40 D to

41.56+2.05 D; K.enge also decreased from 47.00+2.66 D to

4242 +2.07 D (A~ <0.05 for all). The mean sphere and
800

the mean UDVA

cylinder decreased significantly post —surgery from,
-3.10+2.99 D to -0.11+0.93 D and from -3.68+1.53 to
-1.11 +0.75 D respectively, while the CDVA, CCT and
coma showed no significant changes. Compared to post-
ISCR, significant reductions (/~<0.05 or all) in all K values,
sphere and cylinder were observed after TG-PRK/CXL.

*CONCLUSION: Same -day combined topography -

PRK and
placement of ISCR is a safe and potentially effective

guided corneal crosslinking following

option in treating low -moderate keratoconus. It

significantly improves all visual acuity, reduced
keratometry, sphere and astigmatism, but causes no

change in central corneal thickness and coma.

*KEYWORDS: keratoconus; astigmatism; photorefractive
keratectomy; corneal collagen crosslinking; intrastromal

corneal rings
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INTRODUCTION
K eratoconus is a chronic non-inflammatory, asymmetric
and usually bilateral cornea degeneration, characterized
by localized corneal thinning, visual distortion, corneal
steepening, and central corneal scarring!. Its onset is usually
in young adult hood but often becomes apparent during the
second decade of life, progressing until the fourth decade of
life, when it usually stabilizes P9. Although, predicting the
severity and time of progression of the disease is hard,
progress is usually more rapid in the first affected eye and
happens in a period of 3-8y 57,
The ocular symptoms and signs of the disease vary widely

with the disease severity . At the earliest stage, unless
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corneal topography is assessed, keratoconus can go unnoticed
by the practitioner, due to the absence of symptoms . There
is a significant loss of visual acuity (VA) which cannot be
corrected with spectacles, and the appearance of a
'scissor-like' reflex motion on retinoscopy, suggesting the
development of irregular astigmatism. Keratometer readings
are commonly within the normal range but may have
irregular mires. Corneal topography may reveal corneal
thinning with the thinnest part of the cornea located outside
the visual axis™. In the later (moderate to advanced) stage of
the disease, Fleischer's ring, Vogt's striac, Rizzuti's sign,
Munson's sign, and the increased visibility of cornea nerves
become apparent . Corneal scarring may eventually develop
in the majority of contact lens wearers.

Treatment options comprise first: the use of spectacle or rigid
gas permeable contact lenses at the early stages; second,
restoring the integrity of the cornea by surgical techniques
such as intracorneal ring segments and collagen crosslinking
(CXL)P'). However, lamellar or penetrating keratoplasty are
considerable options in the advanced stages of keratoconus,
where the aim is often to improve patient's quality of life!"".
Collagen crosslinking treatment uses riboflavin and
ultraviolet-A (UVA) irradiation to strengthen the cornea by
augmenting the crosslinks between collagen fibrils, thereby
stabilizing the condition ™. Studies on CXL have reported
stability in progression of the disorder, but with minimal
improvement in vision quality of patients!*'*. For this reason,
combined procedures have been proposed to maximize the
results from CXL: conductive keratoplasty followed by CXL;
Intrastromal corneal ring (ISCR) implantation and subsequent
photorefractive keratectomy (PRK)/CXL; and simultancous
wavefront-guided PRK combined with CXL U$®], Recent
studies have reported promising results in the improvement
of visual outcomes, and stability of the disease condition
combined treatment of

using a topography-guided

photorefractive keratectomy (TG-PRK) and CXL 7224,

Kanellopoulos ™

showed that same-day simultaneous
topography-guided PRK and CXL was superior to sequential
TG-PRK in the

keratoconus. In this study, we present the results of same-day

visual rehabilitation of progressing
topography-guided photokeratectomy combined with CXL,
performed three months after ISCR implantation in the
treatment of progressive keratoconus.

SUBJECTS AND METHODS

Study Population Twenty-one eyes of 19 keratoconus
patients [fifteen males (79%) and four females (21%)] of age

19-43y were recruited in this study. All patients underwent

ISCR implantation followed by same-day TG-PRK and CXL.
These patients were recruited randomly from patients already
scheduled to undergo the surgery technique in our hospital
after the research protocol was explained, and informed
consent obtained, from each subject. The hospital research
review board approved the study protocol and study
procedures conformed to the tenets of the Declaration of
Helsinki 1975 as revised in Fortaleza 2013.

Patients were included if: they were intolerant to contact lens
wear, showed low-grade to moderate keratoconus, and
progression in keratoconus observed over the previous 6 mo;
and excluded in the presence of any of the following
conditions: central or paracentral corneal scarring; central
pachymetry less than 400 wm, as measured by ultrasound
(DGH Technology Inc, Exon, PA, USA);

pregnancy and lactation; severe dry-eye disease; systemic

pachymeter

autoimmune disease; and/or a history of herpetic keratitis.
Keratoconus was graded based on Amsler-Krumeich
classification in accordance with the distribution area of the
ectasia as has been described by Gémez-Miralles e 2/
There were eleven eyes (52.4%) with low keratoconus and
ten eyes (47.6%) with moderate keratoconus.

However, progression of keratoconus (KC) was defined as
one or more of the following changes over a period of 6mo:
an increase of =1.00 D in K-max, an increase of =1.00 D
manifest cylinder, or an increase of =0.50 D in manifest
refraction spherical equivalent. All patients were seeking for
relief from their refractive error.

Data Collection Clinical evaluation of general and ocular
health was performed pre-operatively. For all patients, the
same optometrists also assessed the following visual
parameters, at baseline, after ISCR, at last follow-up (average
of 9mo) after ISCR but prior to TG-PRK/CXL, and three
months after TG-PRK/CXL: uncorrected distance visual
acuity [UDVA (logMAR)], corrected distance visual acuity
[CDVA (logMAR)] were obtained by the Snellen projected
eye chart; mean manifest cylinder and mean sphere by
objective refraction were thrice obtained and averages
recorded; topographical keratometry values (D) and coma
(pm) were once obtained by the Schwind Corneal wavefront
Analyzer (Eye-tech-Solutions, GmbH & Co. Kleinostheim,
Germany). All data were analyzed for normality. All data
were entered into a Microsoft Excel 2007 spreadsheet
(Microsoft, Inc, Redmond, Washington, USA). The mean,
standard deviation, minimum and maximum values were
calculated and presented descriptively in a table and figure
where applicable. To study the differences in all tested
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parameters pre- and post-treatments, a Student's 7 -test
analysis was conducted to compare the baseline with
first-step; baseline with second step; first step with second
step, post-surgical outcome values. All statistical analyses
were conducted using the Graphpad Instat software (version
3.00-Graph pad Software Inc., San Diego, CA, USA). A 7
value <0.05 () was considered statistically significant, and
with 20 eyes the study had a power of 80% as calculated
using the G power software 3.1.3 version.

Surgical Procedures All procedures-the first step (ISCR)
and the second step (TG-PRK/CXL)-in all patients were
performed in the University Ophthalmology clinic by the
same ophthalmologist (WA) under sterile conditions. As a
first step, all eyes underwent femtosecond laser-enabled
(Intralase FS, Intralase Corp./Abbott Medical Optics, Inc.
Abbott Park, Illinois, USA) placement of ISCR using the
(Mediphacos, Brazil).

determined according to the nomogram provided by the

Keraring Segment sizes were
manufacturer. Depth of the ring channels was set at 75%
-80% of the thinnest pachymetry reading. At the end of the
surgery, antibiotic and corticosteroid eye drops were
administered, a bandage contact lens was fitted, and slit-lamp
examination was conducted. About three to five days later,
the bandage contact lens was removed after the epithelial
defect at the site of incision had closed.

The patients were followed after ISCR implantation for at
least 3mo and at most 24mo until stabilization of refraction
was achieved. Subsequently, the patients underwent a second
step TG-PRK followed by same-day riboflavin-UVA CXL
during same session. De-epithelialization was performed in
all cases by phototherapeutic keratectomy (PTK) using the
Schwind (SCHWIND

Eye-tech-Solutions, GmbH & Co. Kleinostheim, Germany),

Amaris laser platform
so as to smooth the anterior irregular cornea. The PTK
ablation was performed to remove 50 p of the central 6.5
mm of corneal epithelium prior to performing TG-PRK
treatments with a 6 mm optical zone. The aim was to
normalize the cornea by reducing irregular astigmatism while
treating part of the refractive error. This depth was chosen to
minimize tissue ablation and reduce the risk of iatrogenic
ectasia as was reported in a previous study " Mitomycin C
0.02 mg/mL was then applied for 30s for all TG-PRK
procedures.

Shortly after PRK, the CXL treatment was initiated by
instilling 0.1% riboflavin solution in the center of the cornea
every 2 to 3min for 30min. Then UVA irradiation was
performed at the central 8.0 mm diameter of the cornea using

802

a UVX system (Peshke, Inc.) of wavelength 365 nm for
30min at irradiance of 3.0 mJ/cm? during this time,
riboflavin drops were instilled every 2min. After CXL, the
corneal surface was irrigated with a cold balanced salt
solution kept at 4°C , antibiotic and corticosteroid eye drops
were administered, a bandage contact lens was fitted until
full re-epithelialization, and the eyes were examined at the
slittamp. The bandage contact lens was removed when total
epithelialization was observed (between 3d to 5d) and
post-operative medication included: diclofenac sodium 0.1%
(Voltaren) drops for 2d and tobramycin/dexamethasone drops
4 times daily until bandage contact lens was removed. In all
cases, a silicon-hydrogel lens (Air Optix [Ciba Vision] of
material lotrafilcon B, diameter 14.0 mm, base curve 8.6
mm, and Dk of 140 barrers, was used as bandage contact
lens.

Safety index was calculated by the ratio: post-keraring
placement CDVA/baseline CDVA (in logMAR). Efficacy
index was calculated by the ratio: post-keraring placement
UDVA/baseline CDVA (in logMAR).

RESULTS

The descriptive statistics of the mean +standard deviation
values of the visual and refractive outcomes at baseline
(pre-ISCR), after the first-step (post-ISCR), pre-2™ step
(pre-TG-PRK/CXL) after the step
(post-TG-PRK/CXL), and the results of the paired Atest

analysis has been shown in Table 1.

and at second

Comparison of Baseline and Post-ISCR (1% step) and
Post—-TG-PRK/CXL (2™ step) outcomes Mean follow-up
was 9.0 £5.7mo (range 3-24mo) post-ISCR and 3mo post
TG-PRK/CXL. From Table 1, it could be deduced that:
compared to baseline (pre-ISCR), the mean UDVA, the mean
K-values, the mean sphere, and the mean cylinder, all
showed statistically significant improvements after the first
step and after the second step (paired /test: 2<0.05, for both
steps); the K values (K, Kuin Kaenee) showed significant
decreases, so did the spherical and cylindrical refractive
components, 3mo after PRK/CXL. The improvement in mean
CDVA from baseline to post-ISCR was not statistically
2 >0.05);
improvement post-TG-PRK/CXL was statistically significant

significant  (paired # test: however, the
(paired 7-test: Z=0.03). There was no significant change
from baseline (pre-ISCR) to after treatment (post-ISCR and
post-TG-PRK/CXL) in the mean CCT and in the mean coma,
both of which decreased.

However, between the first step (post-ISCR) and the second

step  (post-TG-PRK/CXL), the improvements in mean
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Table 1 Descriptive statistics and results of paired z-test conducted on meantstandard deviation (range) values obtained from 21
eyes with low-grade-moderate keratoconus pre-operatively (baseline), post-intracorneal ring segment implantation (1*' step),
and subsequent same-day topography-guided photorefractive keratectomy & corneal collagen cross linking @™ step)

Outcomes Baseline Post-1% step 'p Pre-2™ step Post-2" step p p
UDVA 0.6620.41 03120.18 0ol 0282037 0.200.25 o1 001
(logMAR) (0.05 to 1.30) (0.00 to 0.70) : (0.00 to 1.00) (0.00 to 1.00) : :
CDVA 0.21+0.22 0.28+0.73 0,05 0.28+0.73 0.030.04 010 0.03
(logMAR) (-0.10 to 0.70) (0.00 to 1.00) : (0.00 to 1.00) (0.00 to 0.15) : :
48.44+3.66 45.98+2.53 44.18+2.90 43.71+1.95
Kiieep (D) (42.40 10 54.42)  (4342105130) 00001 40 661050.58)  (39.59 to46.68) 0007 <005
45.61+2.40 44.18+2.90 45.98+2.50 41.56+2.05
Kpa (D) (417410 50.27)  (40.66 to 50.58) 00003 43541051.30) (37.90 0 45.90) 0005 <005
47.00+2.66 45.01+2.34 47.00+2.66 42.4242.07
Kaveraee D) (415710 52.35) (4221 to 50.80) 00001 (4157105235 (39.18 to 46.29) 00001~ <0.05
Sphere (D) -3.10+2.99 1.33+1.51 -1.67+1.97 -0.1120.93
(9 to +3) (-3.25 t0 +0.5) 0.004 (-5.7510 +1.50) (27510 1.50) 02 <0.05
) 3.68+1.53 -1.81+1.49 2.10£1 .45 1.1120.75
Cylinder D) ¢0'46 -1.25) (-0.5 to -6.0) <0.0001 (-6.0 to -0.50) (-3.00 to 0.00) 0.02 <0.05
2.1321.25 1.65£0.97 1.57+0.68 1.5820.75
Coma (pm) (1.40 to 4.54) (0.50 to 3.86) =005 (0.70 to 2.90) 06810297 o014 =005
et ) 496.94+31.39 492.90+15.02 038 492.90+15.02 469.82+33.60 0.2 027

(443 to0 565)

(477 to 521)

(477 to 521)

(425 to 526)

T3

P values of post-hoc analysis 1% step versus baseline, 1% step versus 2" step, baseline versus 2" step respectively. UDVA:

Uncorrected distance visual acuity in logM AR; CDVA: Corrected distance visual acuity in logMAR; CCT: Central corneal thickness; D:
Diopter; 1% step: Intrastromal corneal ring implantation; 2™ step: Topography-guided photorefractive keratectomy and collagen cross

linking.

UDVA, mean CDVA,; the reductions in mean coma and
mean CCT, were not statistically significant (paired /-test:
£>0.05, for the four comparisons), while the decrease in K
values, the decrease in mean spherical and mean cylindrical
refractive components were all statistically significant (paired
7-test: /<0.05, for the five comparisons) three months after
TG-PRK/CXL (Table 1). Patient topographic improvements
can be seen in the Schwind wavefront analyzer before, after
ISCR and after TG-PRK/CXL (Figures 1A, 1B, 1C and
Figure 2 respectively). There were no intraoperative or
postoperative complications.
Regarding the method safety, 71% (15/21) of eyes gained
three or more lines, 5% (1/21) each gained one and two lines
respectively, while 10% (2/21) and 5% (1/21) of eyes each
lost more than three lines and one line of UDVA respectively
(which was corrected with spectacles), three months after
TG-PRK/CXL. Generally, UDVA was available in 17 out of
21 eyes at final follow-up (Figure 2) and an improvement in
CDVA of at least one Snellen acuity line [57% (12/21) of
eyes]. After the second step, the safety index was estimated
to be 1.33 and efficacy index to be 0.46. As shown in Figure
2, at the last follow-up examination, 5% (1/21) eyes lost 1
line of BCVA.

DISCUSSION

Collagen crosslinking with riboflavin and UVA have been
shown to be effective in stalling the progression of
keratoconus and pellucid marginal degeneration, but with
minimal improvement in visual quality, as a result of apical
reduction  and corneal

keratometry consequent

regularization %71, Better results have been shown with a
combination of CXL with techniques that improve visual
acuity. TG-PRK in combination with CXL was found to yield
improved topographic indices and improved UDVA and
CDVA, in patients with mild to moderate keratoconus!"*2*%1,
Tovieno ez 2/ ™ noted significant improvements in UDVA,
CDVA, refraction, keratometry, and total aberrations, after
six months of Intacs plus PRK/CXL in five eyes. In their
study, neither a loss of lines of CDVA, nor a development of
haze in any eye, was observed. Another study also reported
significant improvements in mean UDVA and CDVA, no
loss of lines of CDVA, a significant reduction in mean
cylinder, mean apex K-value, and mild haze was observed in
11.1% of treated eyes, after 12mo of TG-PRK/CXL ™. They
% also observed that these visual outcomes did not differ
significantly between 6 and 12mo after the procedure. In a
more recent study ™ conducted on thirteen low-moderate
keratoconic eyes, significant improvements were observed in
UDVA, CDVA, mean sphere, mean astigmatism, average K,
and coma, after six months of TG-PRK/CXL. Also, while no
eyes lost lines of CDVA, 63% of eyes gained >2 lines of
CDVA, and there was no change in CDVA in approximately
27% of the treated eyes . Kanellopoulos ™) compared the
visual functions of 325 eyes that underwent same-day
simultaneous TG-PRK/CXL, to those who had sequential
CXL with later PRK. They showed that,
simultaneous TG-PRK/CXL was superior to sequential CXL

same-day

with later PRK, in the visual rehabilitation of progressing
keratoconus @1, In that study, the simultaneous group did
803



Visual improvements after same day two step keratoconus surgery

A K-Values (simulated, at 3mm)

OD-steep: 47.23D (7.15mm) @127°
OD-flat: 45.78D (7.37mm) @37°
E-Values OD-steep:E = 0.51; Q:-0.26; r=7.11mm

Pupil values OD measured:

OD mesopic:
Keratoconus indices (CLMI) - OD
OD - subjective Refraction
Topography - OD:

Sphere: -5.50 Cylinder: -.75 Axis: 50

Curvature (tangential) map Axial map
Cunvature pudial %
/ | |
oD oo||

B K-Values (simulated, at 3mm)

OD-steep 45.62D (7.4mm) @68°
OD-flat 42.57D (7.93mm) @158°
E-Values OD-steep:E = 0.89; Q:-0.79; r=7.36mm

Pupil values OD measured:
OD mesopic:

Keratoconus indices (CLMI) - OD

OD - subjective Refraction Cylinder: -.75 Axis: 50

Sphere: -5.50

Axial ma
fcial E

oD oo||

C K-Values (simulated, at 3mm)
OD-steep: 43.03D (7.84mm) @104°
OD-flat: 41.97D (8.04mm) @14°
Keratoconus indices (CLMI) - OD4.84

OD - Manifest Refraction
Sphere: .00 Cylinder: .00 Axis: 10

Curvature (tangential) map
foaar

sunvalure

Axial map

Figure 1 An example of a patient’s right eye topographic maps
(obtained by Schwind eye—tech—solutions, wavefront analyzer)
(before 1%

step-ISCR) treatment for keratoconus; B: After intra-stromal corneal

A: Before intra-stromal corneal ring implantation,

ring implantation, (before 2™ step-ISCR) treatment for keratoconus,
showing significant improvement; C: After TG-PRK/CXL, ( 2™
step-ISCR) treatment for significant

improvement.

keratoconus, showing

better (2<0.05) in all fields evaluated: greater significant
improvements in UCVA and best spectacle corrected visual
acuity (BSCVA), greater mean reduction in spherical
equivalent refraction and keratometry, and lesser corneal
haze, after about 36mo of the performing the procedures.
While all these studies

804

©.1820232829 have shown similar

1 =UDVA (logMAR)
70/ =CDVA (logMAR)

71

43

14

Gain 2
or more more
Change in Snellen Lines of UDVA & CDVA in logMAR at final follow up

0.
Loss of 3 Loss of 2 Loss of 1 No loss  Gain1 Gain 3 or

Figure 2 Bar graph showing change in uncorrected distance
visual acuity (UCVA), and corrected distance visual acuity
(CDVA), before and after the second step procedure (TG -
PRK and CXL) for low to moderate keratoconus. It shows
that approximately 71% of eyes and 24% of eyes gained at
least three lines of UCVA and CDVA respectively, at last
follow—up examination.

significant improvements in most of the visual functions
examined in relation to the current study, they have either
been conducted on a different population sample, and/or have
not completely agreed in all findings, partly because of the
variation in the surgical protocol, data collection/analysis
method or follow-up duration.

In the current study, ISCR implantation with the aid of
femtosecond laser was performed in 21 eyes of nineteen
patients with low to moderate keratoconus, as a first-step
procedure. Then, after a follow up period of nine months
(when refraction and cornea regularity have stabilized), a
second-step procedure was performed which involved a
TG-PRK and CXL, performed on the same day, and in the
same session. The satisfactory visual, keratometry and
topography results obtained after 3mo of this triple procedure
is an indication that, the 3 procedures complement one
another.
The results showed a significant reduction in the
pre-operative mean cylinder, mean sphere, steep K, flat K,
and average K values three months after the second step
procedure. Significant improvement in the UDVA was also
observed in 71% (15/21) of eyes, and in the CDVA, 57%
(12/21) of eyes showed improvement of at least one Snellen
acuity line, 3mo after combined therapy. No change in
CDVA was observed in 43% of eyes

results have been recently reported . However, the study™”

(Figure 2). Similar

enrolled lesser number of eyes (13 eyes), and their follow-up
period was longer (6mo), than that of the current study. From

their observation " we can therefore deduce that, the
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improvements in visual functions observed in our subjects,
will remain stable or even improve even after 6mo and
beyond. In addition, in relation to the first step (post-ISCR)
procedure, the current study observed that the second step
combined therapy significantly reduced all keratometry
values and refractive components, but no significant change
in UDVA and CDVA, despite the slight improvement shown.
Similarly, CCT and coma were further reduced by about 21 wm
(£2>0.05) and 2 wm (2>0.05) respectively (Table 1).
Tuwairqi e/ 2/ " and Kymionis e/ 2/ ' also observed
non-statistically significant reductions in coma after treatment
of keratoconus with similar procedure. Because the results of
postoperative data varied significantly between ISCR and
TG-PRK/CXL, we conclude that the same-day combined
technique yielded better visual outcomes in patients with
mild to moderate keratoconus (Figure 1B ps 1C). This also
agrees with previous reports!!”-%3282],

The first combination of a TG-PRK treatment with CXL on
patients with keratoconus was described by Kanellopoulos
and Binder, and one study observed that, the technique was
more effective when applied on the same day %
studies %7 shown significant
improvements with

TG-PRK followed by CXL in patient series. Kymionis and

Subsequently, have

in visual outcomes simultaneous
cohorts!"” then reported even more improved visual outcomes
on performing on the same day, a combination of PRK/CXL
treatment after previous ISCR implantation on a patient with
pellucid marginal degeneration. Although, the current study
observed some loss of lines of UDVA, this was corrected
with  spectacles, TG-PRK/CXL.

Nevertheless, these post-surgical

three months after

eyes showed no
complications, and with a recent study reporting significant
improvement of 2.7 lines in UDVA even after one year of
paired ISCR combined with CXL, there is a greater tendency
that these eyes will also improve in UDVA, few months after
our data collection”.

Even though the result of this study agrees well with previous
studies 71922230 and provides additional information to
encourage surgeons in this region owing to the observed
significant visual improvements, which seem to be even more
promising in the long term; it is limited by the relatively short
period of follow up after the second step procedure. Studies
with longer follow-up period are needed to further confirm
these findings. Again, recruiting a control group may be
necessary to better understand the cause of the changes
observed in the current study.

In conclusion, the placement of intracorneal ring segments

followed by same-day combined TG-PRK/CXL is a safe
procedure that offers patients a functional vision. However,
while this procedure appears to stabilize the cornea ecstasia
in selected patients with keratoconus, there is also the need to
monitor these eyes over a period of at least one year, in order
to confirm this.
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