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ABSTRACT

Background: Intracorneal ring segment
implantation is an effective and safe method of
visual improvement in patients with kerato-
conus. The aim of our study was to evaluate the
long-term clinical outcomes after Keraring
implantation for keratoconus in patients older
than 40 years.

Methods: Eleven eyes from 11 patients with
keratoconus who underwent femtosecond laser-
assisted Keraring implantation for keratoconus
were included in this retrospective study. The
uncorrected visual acuity (UCVA), corrected
visual acuity, keratometric readings, central
corneal thickness and thinnest corneal pachy-
metry were evaluated preoperatively and
6 months after the Keraring implantation.
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Results: UCVA, BCVA and keratometric read-
ings improved at 6 months postoperatively.
Conclusion: Our data showed significant ker-
atometric amelioration and visual improvement
after Keraring implantation for keratoconus in
patients older than 40years at 6 months
postoperatively.
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INTRODUCTION

Intracorneal ring segments (ICRS) are small
PMMA devices that are implanted into the cor-
nea, aiming to alter its geometry in a manner
that will enhance its refractive properties and
thereby improve the visual acuity. The mecha-
nism of action in ICRS is simple. They act as
spacer elements between the collagen fibers of
the corneal stroma and induce an arc-shorten-
ing effect resulting in flattening of the central
corneal area [1]. Several studies documented
that implantation of ICRS decreases the ker-
atometric readings, spherical equivalent and
cylinder, reduces high-order aberrations and
improves uncorrected distance visual acuity
(UDVA) and best-corrected distance visual acu-
ity (BCDVA) in patients with keratoconus [2-6].
The complication rate is relatively low and
mostly includes postoperative complications
such as infection, ICRS displacement/
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migration, ICRS extrusion, corneal scarring and
corneal vascularization [6, 7].

Nowadays there are implantation nomo-
grams indicating the appropriate ring segment
tfeatures for each individual case. There are also
certain indications and contraindications
regarding the patient selection to maximize the
treatment’s safety and efficacy [6, 8]. However,
there are still many ‘gray zones’ in the preop-
erative assessment. Which prognostic factors
influence the clinical outcome or predict the
success/failure rate of this treatment method?
The aim of our study was to evaluate the clinical
outcomes after Keraring implantation in older
patients with keratoconus.

METHODS

This was a retrospective interventional cohort
study including 11 patients with stable kerato-
conus who underwent unilateral Keraring
implantation using the iFS femtosecond laser
(Abbott Vision, Abbott Park, IL, USA). All
patients had keratoconus stage 2 or 3 according
to the Amsler-Krumeich classification [9]. All of
the patients had undergone corneal collagen
cross-linking in the past and had experienced
stable keratoconus for > 12 months prior to
ICRS implantation. Patients were enrolled in
the study data set based on the following crite-
ria: age > 40 years, contact lens intolerance,
best-corrected visual acuity < 0.3 (logMAR) and
corneal thickness > 400 microns in the area of
ICRS implantation. In addition, patients had no
central corneal scars, ocular surface disease,
allergic eye disease, previous ocular surgery or
any other ocular pathology except for kerato-
conus. Pregnant or breast-feeding women were
excluded from the study cohort.

A complete ophthalmic examination was
performed pre- and postoperatively, including
the uncorrected visual acuity (UCVA), best
spectacle-corrected visual acuity (BCVA), mani-
fest refraction, spherical equivalent (SE), ker-
atometry (K) readings (in diopters, D), central
corneal thickness (in microns, pm) and thinnest
corneal pachymetry (in microns, pm). Corneal
topography was evaluated using a Scheimpflug
camera (Pentacam, Oculus Optikgerite,

Wetzlar, Germany). Diagnosis of Keratoconus
was facilitated by corneal topography and cor-
neal elevation mapping, as evaluated by
Scheimpflug imaging (Pentacam, Oculus
Optikgerdate, Wetzlar, Germany). Visual acuity
was measured using Snellen notation and then
converted to logMAR for statistical analysis.
The standard nomogram of the ICRS pro-
vided by the manufacturers was used for selec-
tion of the appropriate ring segment in each
individual case and calculation of the implan-
tation parameters. All patients had one ring
segment implanted in the flat meridian adja-
cent to the cone, with 5-mm diameter and
variable thickness between 150 and 300 pm.
Intrastromal tunnels were created utilizing the
iFS femtosecond laser (Abbott Vision). After
topical anesthesia with 0.5% proparacaine
hydrochloride, the corneal apex was marked
with ink under a Zeiss OPMI Lumera 700 sur-
gical microscope (Carl Zeiss AG, Jena, Ger-
many). A 9.5-mm suction ring was applied, and
after applanation, a corneal tunnel of 1.3-mm
width was created with the iFS femtosecond
laser in the 5-mm zone and 80% corneal depth
as well as a single radial 2.7-mm corneal inci-
sion at the tunnel starting point. The corneal
tunnel length was equal to the ring segment arc
length plus 10°. Ring segments were inserted
into the tunnel with the aid of special forceps.
Postoperatively patients were prescribed chlo-
ramphenicol 0.5% eye drops four times a day
for 2weeks and fluorometholone 0.1% eye
drops four times a day for 4 weeks. Scheduled
follow-up was at postoperative day 1 and
1 week, 1 month and 6 months postoperatively.
All procedures were followed in accordance
with the ethical standards of the responsible
committee on human experimentation (insti-
tutional and national) and with the Helsinki
Declaration of 1964, as revised in 2013. All
patients provided their written consent prior to
ICRS implantation and the principles of the
Declaration of Helsinki were fully respected.
The local IRB committee approved this study.
The current study was not registered as a clinical
trial as this was not required by the ethics
committee because of its retrospective nature.
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Statistical Analysis

Normality of the data distribution was tested
using the Shapiro-Wilk test. A paired t test was
applied. All results are presented as mean +
standard deviation. P < 0.05 was considered
statistically significant. All statistical analyses
were performed using MedCalc software (ver-
sion 15; MedCalc, Oostende, Belgium).

RESULTS

Eleven eyes of 11 patients were included (10
males and 1 female). Mean age was 48.54 + 8.43
(years). Eight patients had keratoconus stage 2,
and three patients had keratoconus stage 3
according to the Amsler-Krumeich classifica-
tion. All treated eyes had undergone corneal
cross-linking treatment in the past. The vast
majority of patients (10/11) were suffering from
contact lens intolerance. Demographic data are
presented in Table 1.

Significant improvement was observed in all
parameters examined in this study between
baseline and follow-up at 6 months apart from
the CCT and corneal thinnest point. Specifi-
cally, corrected and uncorrected distance visual
acuity significantly increased, whereas spherical
equivalent, corneal astigmatism, Kmax and
Kmean significantly decreased 6 months post-
operatively (all P <0.05). All results are sum-
marized in Table 2. No complications occurred.

Table 1 Demographic data of the study group

Number of patients 11

Mean age £ SD 48.54 £ 8.43 (years)

Male:female ratio 10:1
Right eye:left eye ratio 6:5
KC stage 2:KC stage 3 ratio 8:3
Contact lens intolerance 10
Previous corneal cross-linking 11

KC keratoconus

Table 2 Summary of the visual, refractive, corneal topo-
graphic and tomographic outcomes after Keraring
implantation for keratoconus in patients older than

40 years
Pre-op Post-op r
UDVA 094 + 0.1 0.76 = 0.28 0.01
(logMAR)
CDVA 041 +0.27 02+02 001
(logMAR)
Spherical — 11.65 + 448 —444+39 0.005
equivalent
(D)
Corneal — 448 £374 —275+2.18 0.01
astigmatism
(D)
Kmax (D) 63.24 + 1057 60.15 =625 0.02
Kmean (D) 51.40 4 5.50 4843 +5.28 0.02
CCT (um) 466.54 4 38.8 4729 +£375 03
Corneal 449.0 £ 38.54 4593 +38.7 0.2
thinnest
point (pm)

Pre-op preoperatively, Post-op postoperatively, UDVA
uncorrected distance visual acuity, CDVA corrected dis-
tance visual acuity, Kmax maximal keratometry, Kmean
mean keratometry, CCT central corneal thickness, CTP
corneal thinnest point. p < 0.05 was considered statistically

significant

DISCUSSION

Intracorneal ring segments act as space ele-
ments between the collagen fibers in the cor-
neal stroma, thereby inducing an arc-
shortening effect that results in flattening of the
central cornea [1]. There is evidence that their
flattening effect is directly proportional to the
thickness of the implanted segment and inver-
sely proportional to the corneal diameter at the
implantation site [10]. The efficacy of ICRS in
the management of keratoconus has been well
documented. ICRS reduce spherical equivalent
and keratometric readings, as well as high-order
aberrations and particularly coma, thereby
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improving UCVA and CDVA [2, 3, 8, 11]. The
increase in visual acuity is partly attributed to
the improvement of the aberrometric profile
but mainly to the reduction of coma as a result
of the regularized corneal geometry after ICRS
implantation [3, 12]. Moreover, ICRS implan-
tation improved the contact lens tolerance sig-
nificantly, as shown by numerous studies
[11, 13, 14].

Several factors associated with the visual
outcomes after ICRS implantation have been
identified. Vega-Estrada et al. reported that poor
preoperative visual acuity is a good prognostic
factor for significant visual improvement [3],
whereas Alio et al. suggested that it is less likely
to achieve significant visual improvement in
advanced keratoconus (stage 4) [15]. Advanced
keratoconus has also been linked to low pre-
dictability of the keratometric and visual out-
comes after ICRS implantation [16]. Alio et al.
proposed that alignment of the refractive and
keratometric axes (angle < 15°) is another posi-
tive prognostic factor for successful visual out-
comes after ICRS implantation [17].

The aim of our study was to evaluate the
clinical outcomes after Keraring implantation
for keratoconus in patients older than 40 years.
It has been documented that corneal stiffness
increases with age, mimicking the corneal
stiffening effect of corneal collagen cross-link-
ing [18, 19]. ICRS act as space elements between
the collagen fibers in the corneal stroma and
therefore their functional efficacy could be
compromised in older patients who have stiffer
corneas. However, the present study was not
designed to evaluate whether age-related cor-
neal changes or corneal cross-linking-induced
changes inhibited the progression of corneal
ectasia in the study population and stabilized
their keratometric measurements. Therefore, we
cannot comment on the exact role of age or
corneal cross-linking in stabilizing corneal
ectasia in older patients with keratoconus. Our
study only investigated the clinical efficacy and
safety of Keraring implantation in patients with
keratoconus older than 40 years, showing that
there was improvement of UCVA, BCVA and
keratometric readings. Of course, our study has
certain limitations. The number of eyes inclu-
ded in our study was low. No intra-group

comparisons were possible because of the low
number of eyes. The inherent potential for
selection bias should also be considered in our
retrospective study. However, all patients who
underwent ICRS implantation and met the
inclusion and exclusion criteria were included
in the study. The dropout rate for this study was
zero and all patients were included in the
analysis through the study follow-up without
retention or loss of subject data. Of course, there
might be a higher age threshold for reduced
efficacy of ICRS, which our study was not able
to identify.

CONCLUSIONS

In conclusion, our data show that implantation
of Kerarings in patient with keratoconus older
than 40 years is both effective and safe. Larger
comparative studies are required however to
further investigate the potential role of age in
visual outcomes after ICRS implantation for
keratoconus.
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