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Purpose: To assess the results of simultaneously performed femtosecond laser—assisted
Keraring intrastromal corneal ring—segment insertion and corneal collagen cross-linking for
the treatment of keratoconus.

Patients and Methods: In this retrospective, noncomparative, interventional study, 30 eyes of
24 progressive-keratoconus patients of both sexes aged 18-36 years old with poor best-corrected
visual acuity (BCVA) and intolerance to contact lenses were included. All patients had been
subjected to complete preoperative and postoperative ophthalmological examinations — unaided
VA, BCVA, refraction, Pentacam, and contrast sensitivity examinations at 3-month, 6-month,
and 1-year follow-ups.

Results: Mean unaided VA had changed significantly from 0.649+0.239 logMAR preopera-
tively to 0.514+0.222 (P=0.014), 0.419+0.162 (P<0.001), and 0.379+0.142 (P<0.001)
logMAR at the three follow-up visits, respectively. Mean BCVA had changed significantly
from 0.326+0.144 logMAR preoperatively to 0.231+0.140 (P=0.006) at 1-year follow-up.
Mean spherical equivalent refraction had decreased significantly at 6-month (P=0.0298) and
1-year follow-up (P=0.0081). Mean steep keratometry (K2) had also significantly reduced
from 51.89+3.81 D to 49.87+4.57 D (P=0.034) at 6 months and 49.40+4.39 D (P=0.011) at
1 year. Mean refractive and keratometric astigmatism had significantly decreased at all
follow-up visits.

Conclusion: At 1-year follow-up, keraring intrastromal corneal ring—segment insertion
assisted by femtosecond laser performed simultaneously with corneal collagen cross-
linking resulted in an improvement in visual, refractive, and topographic outcomes, which
may suggest it is an effective treatment of keratoconus.
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Introduction

Keratoconus is a progressive, noninflammatory, and bilateral (though asymmetrical)

corneal ectatic disease where the cornea assumes a conical shape and thinning. It

induces irregular astigmatism, and signs range from mild irregular astigmatism to

severe thinning, scarring, and protrusion, leading to marked impairment of vision.'
The incidence and prevalence of keratoconus varies depending on many factors,

such as the selected cohort of patients, geographic location, and criteria used for

diagnosis. Keratoconus is diagnosed most frequently in young adults without
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significant sex differences, its onset commonly in puberty,
and tends to progress until about the third or fourth decade of
life.”

Intrastromal corneal ring segment (ICRS) implantation
is an important treatment modality for keratoconus. ICRS
was first proposed for the correction of low degrees of
myopia, then used to correct ectatic corneal diseases. By
shortening the central corneal arc length and redistributing
the corneal biomechanical stress, ICRSs induce cornea
flattening. Although ICRSs decrease astigmatism and cor-
neal abnormalities, they actually do not eliminate or halt
disease progression.’

The use of femtosecond-laser devices allows for simple
and safe ICRS implantation with faster tunnel creation and
precise control of depth, width, and centration, in addition
to better customization of the tunnel and fast postoperative
recovery. As such, it has a good impact on the patient
satisfaction after surgery.®

Corneal collagen cross-linking (CXL) is the main treat-
ment for keratoconus. It tends to stabilize the cornea and halt
progression of the disease. As riboflavin (vitamin B,) is
combined with UVA irradiation, it is excited to a triplet
state and releases free radicals or reactive oxygen species
into the surrounding stroma, resulting in cross-linking by
increasing collagen-fiber diameter and the space between
collagen fibrils.’

CXL can be combined with an additional refractive treat-
ment, such as ICRS, PRK, PTK, or PIOLs, called “CXL
plus.”® Combining ICRS and CXL performed simultaneously
or sequentially has a synergistic action on spherical equivalent
refractions and keratometric values.” However, if CXL is
performed before ICRS, the flattening effect of the segments
may be limited, due to the already fixed cornea by the effect of
CXL into a suboptimal configuration.® Research has shown no
difference when comparing CXL alone with combined ICRS—
CXL, and the CXL effect on collagen and corneal biomecha-
nics actually reduced the effect of ICRS.’ To achieve the
maximum overall effect, ICRS implantation should be per-
formed first to reshape the cornea, and CXL can then be
applied to stabilize the reshaped cornea.'”

Patients and Methods

This was a retrospective noncomparative clinical study of 30
eyes of 24 progressive keratoconus patients of both sexes
aged 18-36 years who had undergone combined femtosecond
laser—assisted ICRS and CXL simultaneously at Roayah
Vision Correction Center, Alexandria, Egypt. Institutional
review board (ethics committee of Alexandria University

Faculty of Medicine) approval was obtained (020940). All
cases were operated on by the same surgeon (AEM).

Included were patients with intolerance to rigid gas-
permeable contact lenses who had K values 48—<65
D documented with the Pentacam (Allegro Oculyzer,
WaveLight, Erlangen, Germany). Excluded were those with
K values >65 D, presence of active or recent ocular infections
or inflammations, acute hydrops, corneal haze or opacities, or
who were pregnant or breastfeeding during the study.

Informed consent was given by each patient after receiv-
ing a detailed description of the nature of the procedures.
The study was conducted in accordance with Declaration of
Helsinki tenets. All patients were subjected to complete
preoperative and postoperative ophthalmological examina-
tions — uncorrected visual acuity (VA), best-corrected VA
(BCVA), refraction, Pentacam, and contrast sensitivity (CS;
CSV-1000E, VectorVision, Dayton, OH, USA) — at
3-month, 6-month, and 1-year follow-up.

Patients underwent contrast-sensitivity monocular tests
using BCVA and were graded using a ten-point scale for
the four spatial frequencies tested: 3 cpd (row A), 6 cpd
(row B), 12 cpd (row C), and 18 cpd (row D).

Patients unable to see any of the test strip scored 1 and
those unable to see the highest-contrast bar scored 0 then
these raw grades were converted into their corresponding log
CS scores using definitions provided by VectorVision."'

Surgical Technique

The procedure comprised two steps: femtosecond-laser
Keraring (Mediphacos, Belo Horizonte, Brazil) implanta-
tion followed by accelerated epithelium-off CXL in the
same session. The proper ring segments were selected
according to the nomogram provided by the manufacturer
(Keraring calculation guidelines).

One of the three types of nomogram (A, B, and C) was
used for each case based on corneal asymmetry type,
keratometric values, and BCVA. The number of ring seg-
ments used was selected depending on many parameters:
mainly the type and site of the keratoconus cone, kerato-
metric readings, refraction, and corneal thickness. Topical
anesthesia was given (benoxinate eyedrops [Benox, Epico,
Cairo, Egypt]). Disinfection (povidone—iodine) of both
eyes was performed, followed by draping and speculum
application to the eye to be treated.

The first step (ICRS implantation) started with central
corneal marking, followed by docking of the contact glass
at its curved interface to the cornea by suction pressure.
Femtosecond laser (VisuMax, Carl Zeiss Meditec), used
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for tunnel creation, was applied on the steepest corneal
topographic axis at a depth of 80% of corneal thickness.
Parameters used were 500 kHz frequency of approxi-
mately 1,040 nm wavelength laser, with spot size 1 pm
and power of 5 mJ. The patient was released automatically
from the laser system, incisions checked to ensure patency
and segments implanted using forceps and a Sinskey hook.
ICRSs were centered in the middle of the tunnel and
equidistant from both incisions.

The second step was to perform CXL. The central
8 mm of the corneal epithelium was removed mechani-
cally within the internal diameter of the rings, then ribo-
flavin solution (0.1% riboflavin 5-phosphate and 20%
dextran) was applied every 5 minutes for 30 minutes and
continued every 5 minutes during irradiation. During irra-
diation, an accelerated CXL device (CCL Vario cross-
linking system; Peschke Trade, Gdansk, Poland) was
used to emit UVA with wavelength of 370 nm and 18
mW/cm? irradiance for 5 minutes equivalent to 5,400 mJ
of the total energy dosage. At the end of the procedure,
a contact lens was placed on each eye treated.

Postoperative Treatment

Postoperative treatment for all patients included topical
therapy in the form of antibiotic eyedrops (moxifloxacin
0.5% [Vigamox, Alcon Laboratories, Fort Worth, TX,
USA), corticosteroid eyedrops (prednisolone acetate 1%
[PredForte, Allergan, Westport, Ireland]), and artificial
tears (hypotonic sodium hyaluronate 0.15%). All eyedrop
solutions were prescribed for all patients on 2-hourly bases
on the first postoperative day, then four times daily in the
first week. The frequency of medication was tapered to
three times daily in the second week and twice daily in the
third week. A systemic analgesic to manage pain due to
CXL (diclofenac [Cataflam, Novartis, Switzerland]) was
prescribed. Bandage contact lenses were removed on days
3-5.

Statistical Analysis
Data performed using SPSS 20.0.

Quantitative data are described using medians and

analysis was

means =+ SD. Qualitative data are presented as
numbers and percentages. ANOVA was used for normally
distributed data, with post hoc multiple comparisons when
ANOVA results were significant. The significance of the
postoperative results was determined at the 5% level.

Results

This study included 30 eyes of 24 progressive keratoconus
patients who had completed 1-year minimum follow-up.
Six patients had bilateral ICRS implantation. There were
13 men (54.17%) and eleven women (45.83%). All
patients wereaged 18-36 (26.93+5.85) years.

There was continuous improvement in the UAVA
throughout the study. Mean preoperative UAVA was 0.649
+0.239 logMAR, and at 3 months, 6 months, and and year
had significantly changed to 0.514+0.222 (P=0.014), 0.419
+0.162 (P<0.001), and 0.379+0.142 (P<0.001) logMAR,
respectively. Mean logMAR- BCVA had significantly
improved from 0.326+0.144 logMAR preoperatively to
0.231£0.140 (P=0.006) at 1-year follow-up.

Mean spherical equivalent refraction had significantly
decreased by 1.03 D at 6 months (P=0.0298) and 1.34D at
1 year (P=0.0081) from preoperative refraction, while the
decrease in mean refractive astigmatism was significant at
all follow-up times: at 1 year, there had been about a 2
D decrease from the preoperative value (P<0.001).

There were continuous decreases in all keratometric
values, but the steepest K had significantly changed from
51.8943.81 D preoperatively to 49.87+4.57 D (P=0.034) at
6 months and 49.40+4.39 D (P=0.011) at 1 year post-
operatively. The decrease in keratometric astigmatism
was significant at 3 months (P=0.041) and at 1 year
(P=0.010) postoperatively.

Mean preoperative corneal thickness (at the thinnest
location) was 434.90+40.50 pm, and had decreased sig-
nificantly at 3 months postoperatively to 411.77+43.26 um
(P=0.018), then insignificant decreases thereafter. All
these values ware shown in Table 1.

There was an improvement in mean log CS of low and
high frequencies at 1 year from preoperative values, as
shown in Table 2. For the 6 cpd frequency, the changes
were statistically significant at 3 months (P=0.035), 6
months (P=0.009), and 1 year (P=0.032). Changes in
high frequencies were statistically significant at 6 months
and 1 year (P=0.036 and P=0.032) and for 18 cpd fre-
quency at 6 months and 1 year (P=0.046 and P=0.018),
respectively.

Discussion

CXL with riboflavin (vitamin B,) and UVA has been con-
sidered the only true treatment for corneal ectasia that
directly addresses the disease pathology, improves corneal
biomechanical power, and stabilizes corneal biomechanical
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Table | Pre- and postoperative outcomes

Follow-up
Preop 3 months 6 months | year

UAVA (logMAR) Mean £ SD 0.649+0.239 0.514£0.222 0.419£0.162 0.379£0.142

Range (P) 0.3-1.3 0.18-1.3 (0.014%) 0.1-0.78 (<0.001%) 0.1-0.6 (<0.001%)
BCVA (logMAR) Mean £ SD 0.326+0.144 0.34840.151 0.279+0.124 0.231£0.140

Range (P) 0.1-0.6 0-0.6 (0.283) 0-0.48 (0.088) 0-0.48 (0.006*)
SE (D) Mean £ SD —3.45+2.31 —2.69+1.85 —2.42+1.73 —2.11%1.84

Range (P) —8.0to 0.5 —6.5 to 0.75 (0.194) —6.5 to 0.5 (0.0298%) —6 to 2 (0.0081%)
Refractive astigmatism (D) Mean = SD 4.7x1.6 3.5+1.3 29+1.2 2.6%1.1

Range (P) 1.3-8.0 1.5-7.5 (0.002%) 1.0-7.5 (<0.001%) 0.8-6.0 (<0.001%)
Flattest K (D) Mean £ SD 47.30£3.6 46.43£3.27 46.18+2.95 45.85+3.46

Range (P) 40-54.7 39.3-54.9 (0.168) 39-53.4 (0.097) 39-53.2 (0.061)
Steepest K (D) Mean £ SD 51.89+3.8I 50.32+4.49 49.87+4.57 49.40+4.39

Range (P) 45.2-59.5 42.1-59 (0.074) 41.8-60.2 (0.034%) 42.3-60.9 (0.011%)
Kmax (D) Mean £ SD 57.73+5.92 57.16+6.52 56.21+6.49 55.83+5.94

Range (P) 47.1-68.2 46.8-69.9 (0.362) 45.1-68.6 (0.173) 46-67.2 (0.109)
Keratometric astigmatism (D) Mean * SD 4.6x1.8 3.7+1.8 3.9+1.9 3.5¢1.6

Range (P) 0.5-7.7 0.1-6.3 (0.041%) 0.4-7.9 (0.073) 0.4-6.2 (0.010%)
Thickness (um) Mean £ SD 434.90+40.50 411.77+43.26 419.67+41.73 424.67+44.23

Range (P) 362-520 351488 (0.018%) 345-512 (0.078) 339-512 (0.177)

Note: *Statistically significant.

Abbreviations: BCVA, best-corrected visual acuity; UAVA, unaided visual acuity.

Table 2 Pre- and postoperative log contrast sensitivity

Follow-up Row A (3 cpd) Row B (6 cpd) Row C (12 cpd) Row D (18 cpd)
Mean * SD Preop 1.13£0.37 1.40+0.31 1.05+0.35 0.65+0.29
Range (P) 0.4-1.63 0.61-1.99 0.31-1.69 —0.13 to 1.25
3 months 1.19+0.33 1.55+0.30 1.13+0.39 0.77+0.35
0.4-1.63 (0.253) 0.91-1.99 (0.035%) 0.31-1.99 (0.202) 0.17-1.4 (0.065)
6 months 1.32+0.37 1.58+0.24 1.21+0.35 0.77+0.27
0.7-2.08 (0.241) 0.91-1.99 (0.009%) 0.61-1.84 (0.036%) 0.17-1.25 (0.046*)
| year 1.26+0.41 1.54+0.26 1.18+0.37 0.79+0.21
0.4-1.93 (0.099) 0.91-1.99 (0.032%) 0.31-1.99 (0.032%) 0.47-1.25 (0.018%)

Note: *Statistically significant.

indices.'? On a molecular basis, ICRSs do not affect corneal
biomechanical properties, but significantly flatten and reg-
ularize the central cornea.'® By combining these two meth-
ods, a synergism should arise to achieve better treatment
results.'* There have been several reports of promising
results with the combined treatment of CXL and ICRSs in
offering not only stabilization of keratoconus but also

improvement in visual and topographic outcomes.”"!?

Questions arose about the correct sequence of treat-
ment. CXL can be performed simultaneously with
ICRSs before or after their implantation, but there is
uncertainty about the ideal sequence of this combination.
Liu et al reported no significant differences among three
groups of eyes: sole ICRS implantation, ICRS implanta-
tion followed immediately by CXL, and CXL followed by

ICRS implantation long after.'® On the other hand,
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Coskunseven et al showed that refractive, keratometric,
and visual outcomes were statistically superior when
ICRS placement is performed before rather than after
CXL, and hypothesized that if performed first, CXL results
in corneal stiffening and prevents full effectiveness of
ICRSs."

In our study, femtosecond laser—assisted ICRS implan-
tation was performed with (at the same session) acceler-
ated
postoperative data during the first year’s follow-up

cross-linking. Analysis of preoperative and
proved that the procedure is safe and effective in prevent-
ing keratoconus progression, and its effect on visual,
refractive, and corneal topography was addressed.

The combined procedure resulted in significant
improvement in mean preoperative UAVA from 0.649
+0.239 logMAR to 0.379+0.142 logMAR (P<0.001) at
1 year and mean BCVA from 0.326+0.144 logMAR pre-
operatively to 0.231+0.140 logMAR (P=0.006) at 1 year
postoperatively. This improvement in UAVA could be
attributed to a decrease in astigmatism, and indicates that
the patient may have become more satisfied and less
dependent on optical correction. The effectiveness of com-
bined CXL

a femtosecond laser in improving vision and decreasing

and Keraring implantation using
anterior corneal surface irregularities, reported also in
Ibrahim et al” and Coskunseven et al,'® also resulted an
improvement in 78% of eyes for uncorrected CVA com-
pared to preoperative levels and a gain of one to three lines
of BCVA experienced in 68% of the studied eyes at 1-year
follow-up.

Mean spherical equivalent refraction demonstrated
a significant reduction of 1.03 D at 6 months (P=0.0298)
and 1.34 D at 1 year (P=0.0081) postoperatively from
preoperative refraction. We also observed a significant
decrease in refractive astigmatism from the preoperative
values of 2.03 D (P<0.001) at 1-year follow-up.

Our results correlate well with the studies of Kubaloglu
et al'” and Ibrahim et al,’” which proved the success of
Keraring implantation in reducing mean spherical equiva-
lent refraction, and also with Coskunseven et al,'* who
found astigmatic reduction at 13 months had reduced from
—4.68+2.60 D preoperatively to —2.20£1.67 D when CXL
was performed after ICRS (Keraring) implantation. This
improvement in refraction may be explained by corneal
flattening and regularization resulting from ICRS implan-
tation being stabilized by the subsequent CXL application,
causing additional stiffening and decreasing cylindrical
power.

Regarding keratometry, there was a continuous decrease in
all values. Although the changes in flattest K (K1) and max-
imum K (K,.x) were not significant, the steepest (K2) had
significantly decreased by 2.02 D at 6 months (P=0.034) and
249 D at | year (P=0.011) from preoperative values.
Keratometric astigmatism had significantly decreased at all
follow-up points, and at 1 year had decreased by about 1
D (P=0.010). Other studies have shown similar findings,
such as Henriquez et al,'® who reported significant reduction
in mean maximum keratometry of 2.66 D and mean minimum
keratometry of 1.61 D at 1 year postoperatively, and observed
that the flattening process may continue for years. Kubaloglu

et al'’

proved a successful decrease in K.x to 4 D with
Keraring implantation after 6 months.

In our study, mean preoperative corneal thickness (at the
thinnest location) was 434.90+40.50 um, and had decreased
significantly at 3 months to 411.77+43.26 um (P=0.018).
Although insignificant and not reach preoperative levels,
there had been decreases in corneal thinning at other follow-
ups. There is some disagreement on the effects of cross
linking on corneal thickness, as some authors have reported
decreased central corneal thickness from mean baseline
readings (P<0.003)," and others, such as Derakhshan et al*®
reported a relatively small (9.1 um) but significant increase in
thickness after CXL. The effect of ICRS was addressed by
Brendan et al,*' who reported a significant increase in corneal
thickness. His results may be explained by ICRS implanta-
tion theoretically inducing corneal collagen remodeling.
Acting as “spacers,” the ring segments might have
increased corneal pachymetry through interfering in corneal
collagen turnover.

There was an improvement in the mean log CS of low
and high frequencies over 1 year of follow-up from preo-
perative values. For the 6 cpd frequency, it was statistically
significant at 3 months (P=0.035), 6 months (P=0.009), and
1 year (P=0.032). Changes in high frequencies were statis-
tically significant at 6 months and 1 year: 12 cpd (P=0.036,
P=0.032), and 18 cpd (P=0.046, P=0.018) at 6 months and
1 year, respectively. The improvement in CS after CXL is
the result of decreasing corneal curvature, astigmatism, and
biomechanical stability.*

Mirzaei et al*

reported an improvement in mean CS in
eyes undergoing CXL. CS had improved from a mean 1.52
+0.16 log CS to 1.68+0.8 log CS (P=0.001) at 1-year
follow-up. In other research there was an improvement in
CS function after keraring implantation®* especially lower
frequencies (3 cpd and 6 cpd), and reduction in the cylind-

rical component of the refraction.
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Our study measured CS for 1 postoperatively, and there
was improvement. The current study had no control group,
a small sample, and retrospective design, but our

results are discussed in relative to previous studies.

Conclusion

Over 1 year of follow-up, ICRS insertion assisted by
femtosecond laser performed simultaneously with CXL
resulted in improvements in visual, refractive, and topo-
graphic outcomes, which may suggest it is an effective
treatment of keratoconus.
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