ORIGINAL ARTICLE

Intrastromal corneal ring segment implantation for ectasia after refractive surgery

Implante de segmento de anel intraestromal de cornea para ectasia pos-cirurgia refrativa
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ABSTRACT

Purpose: To evaluate the clinical outcomes of intrastromal corneal ring segment
(ICRS) implantation to correct ectasia in eyes with prior refractive surgery.
Methods: Forty-one eyes of 25 patients (13 men, 12 women; mean age, 28.66 years)
with ectasia after refractive surgery [photorefractive keratectomy (PRK) or laser
in situ keratomileusis (LASIK)] were included in a nonrandomized, retrospective,
observational case series. Corneal tunnels were created by mechanical dissection
in all eyes. Main outcome measures included uncorrected visual acuity (UCVA),
best spectacle-corrected visual acuity (BCVA), refraction, keratometry, and com-
puterized analysis of corneal topography. Patients were divided into two groups
by the type of refractive surgery (Group A: PRK, Group B: LASIK).

Results: The mean preoperative manifest astigmatism decreased from -1.88 to
-0.84 D in Group A (p=0.096) and -3.18 to -1.77 D in Group B (p=0.000). The mean
keratometric astigmatism decreased from -2.58 to -1.66 D in Group A (p=0.010)
and -4.80 to -2.78 D in Group B (p=0.000). The mean spherical equivalent decrea-
sed from -2.97 to -2.05 D in Group A (p=0.065) and -3.31 to -2.42 D in Group B
(p=0.014).Nossignificant between-group differences were noted on the comparison
of preoperative and postoperative results. No intraoperative or postoperative
complications were observed.

Conclusion: ICRS implantation is a useful treatment option for ectasia following
refractive surgery, and it has significantly reduced the refractive cylinder and
increased best spectacle-corrected visual acuity.

Keywords: Cornea/surgery; Corneal disease; Keratomileusis, laser in situ; Photo-
refractive keratectomy; Dilatation, pathologic; Refractive surgical procedures; Pros-
theses and implants

RESUMO

Objetivo: Avaliar os resultados do implante de anel intraestromal de cérnea para
corregdo de ectasia pds-cirurgia refrativa.

Meétodos: Quarentaeumolhosde 25 pacientes, 13homense 12 mulheres, com ectasia
pés-cirurgia refrativa (PRK ou LASIK) foram incluidos em um estudo néo randomizado,
retrospectivo e observacional. A média de idade no momento do implante do anel é
de 28,66 anos. Em todos os olhos, o ttnel corneano foi criado através da dissec¢do
mecanica da cornea. Os resultados avaliaram acuidade visual sem corre¢do (AVSC) e
acuidade visual com correcao (AVCC), refracdo, ceratometria e topografia corneana
computadorizada. Os pacientes foram divididos em dois grupos de acordo com a
cirurgia refrativa. Grupo A: PRK, Grupo B: LASIK.

Resultados: A média do astigmatismo pré-operatdrio foi reduzida de -1,88 D para
-0,84DnogrupoA (P=0,096)ede-3,18 Dpara-1,77 Dno grupo B (P=0,000). Amédia do
astigmatismo ceratométrico foi reduzida de-2,58 D para-1,66 D no grupo A (P=0,010)
e de -4,80 para -2,78 D no grupo B (P=0,000). A média do componente esférico foi
reduzida de -2,97 D para -2,05 D no grupo A (P=0,065) e de -3,31 D para -2,42 D no
grupo B (P=0,014). Nenhuma diferenga estatisticamente significativa foi observada
entre os grupos, quando se comparou os resultados do pré e pés-operatdrio. Ndo
ocorreram complicagées intra ou pos-operatorias.

Concluséo: O implante de anel intraestromal de cérnea é uma boa op¢éo para o
tratamento de ectasia pSs-cirurgia refrativa, tendo resultado na redugao significativa
do astigmatismo refracional e melhora da acuidade visual com corre¢do.

Descritores: Cérnea/cirurgia; Doengas dacérnea,; Ceratomileuse assistida porexcimer
laserinsitu; Ceratectomia fotorrefrativa; Dilatagao patoldgica, Procedimentos cirtirgicos
refrativos, Prétese e implantes

INTRODUCTION

Keratoconus (KCN) is a noninflammatory ectatic condition in which
the cornea assumes a conical shape because of weakness, thinning,
and anterior protrusion of the corneal surface™ . A similar clinical
entity may be observed in some patients following a refractive pro-
cedure [laser in situ keratomileusis (LASIK) or photorefractive keratec-
tomy (PRK)] and is characterized by subsequent progressive corneal
thinning and bulging, with topography similar to that of KCN. The
exact incidence of post-refractive surgery ectasia remains unknown.
Several parameters such as high myopic corrections, thin corneas,
and residual corneal bed thickness less than 250 mm represent the
major risk factors for this condition®”.

Corneal ectasia is relatively rare after LASIK and PRK; however, it
can have a profound negative effect on the refractive properties of
the cornea. Therapeutic treatment options include gas-permeable

lenses, corneal collagen crosslinking, and deep lamellar or penetra-
ting keratoplasty®.

Intrastromal corneal ring segment (ICRS) implantation has added
a new dimension to the management of keratectasia. In addition,
long-term data for ICRS procedures indicate the possibility of defer-
ring, or even replacing, keratoplasty in keratectasia patients®?.

Several potential advantages exist for ICRS implantation over ke-
ratoplasty in eyes with ectasia after refractive surgery. First, it leaves the
optical center of the cornea untouched, enhancing refractive outco-
mes. Second, itis reversible, in case of an unsatisfactory refractive or cli-
nical outcome. Third, adjustments can be made using thinner or thicker
rings. In case of unexpected corneal shape changes, one segment can
be removed or exchanged. Fourth, it avoids complications of intrao-
cular surgeries. Rings can be placed symmetrically or asymmetrically
and oriented about the cone or based on a steep keratometric axis®®'%.
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The purpose of this study was to evaluate the visual and kerato-
metric outcomes of ICRS implantation for correcting and stabilizing
corneal ectasia after refractive surgery.

METHODS

A nonrandomized, retrospective, observational case series was
performed at the Goiania Eye Institute, Goiania, GO, Brazil. The charts
of 25 patients (13 men and 12 women; mean age, 28.66 years, range
19-48 years) who underwent ICRS implantation to treat ectasia after
refractive surgery were analyzed.

Exclusion criteria included history of herpes keratitis, corneal dys-
trophy, pregnancy or lactation, active anterior segment pathologic
features, diagnosed autoimmune disease, systemic connective tissue
disease, and acute or grade IV KCN. All patients were spectacle and
contact lens intolerant.

Preoperative examinations included personal, medical, and ocular
history; uncorrected visual acuity (UCVA); best spectacle-corrected
visual acuity (BSCVA); refraction; keratometry; slit-lamp biomicroscopy;
intraocular pressure (IOP) measurement by applanation tonometry
(Haag Streit, Bern, Swiss); corneal astigmatism; surface regularity index;
surface asymmetry index; corneal topography (Orbscan liz, Technolas
Perfect Vision GmbH); specular microscopy (Konan, Hyogo, Japan); and
fundus examination (Sigma 150 K, Heine, Germany).

Main outcome measures included UCVA, BSCVA, refraction, kera-
tometry, and computerized analysis of corneal topography.

The institutional ethics committee of the Goiania Eye Institute
approved the study. All patients provided written informed consent
in accordance with the Declaration of Helsinki after receiving a detai-
led description of the nature and risks of the procedure.

SURGICAL PROCEDURE

All surgeries were performed by the same surgeon (BAN) at the
Goiania Eye Institute, between March 2005 and October 2013. ICRS
implantation was indicated because of reduced BSCVA or contact
lens intolerance. All surgeries were performed under topical anes-
thesia after miosis had been achieved with 2% pilocarpine. An eyelid
speculum was used to expose the eye, and 2.5% povidone iodine eye
drops were instilled into the cornea and conjunctival cul-de-sac. The
visual axis was marked by pressing the Sinskey hook on the central
corneal epithelium while asking the patient to fixate on the corneal
light reflex of the microscope light.

For ICRS implantation, a 1.0-mm radial incision was made between
the 5.0 and 7.0 um optical zones, on the most curved meridian of the
cornea, according to preoperative topography. The diamond knife
was calibrated at an 80% depth of the ultrasonic pachymetry at the
incision site. Corneal tunnels were created by means of mechanical

Table 1. Comparison of preoperative and postoperative results
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stromal dissection in all the eyes. The segments were circumferen-
tially placed at the two-thirds depth of the peripheral corneal stroma.
ICRS thickness and the implantation site were selected according
to the extent of astigmatism and axis of the preoperative objective
refraction in accordance with the nomogram provided by the ma-
nufacturer™.

All the eyes were implanted using Cornealring (Visiontech Medical
Optics, Belo Horizonte, MG, Brazil) or Ferrara Ring (Ferrara Ophthal-
mics, Belo Horizonte, MG, Brazil), according to the nomograms provi-
ded by the manufacturers.

The Cornealring segments consist of two semicircular micro-thin
polymethylmethacrylate (PMMA) inserts of variable thickness (ran-
ging from 0.15 to 0.35 mm), with 90°, 120°, 160°, or 210° of arc length
aswellas 4.7 mminnerand 5.9 mm outer diameters. The Ferrara Ring
segments composed of PMMA Perspex CQ acrylic are available in
thicknesses of 0.15,0.20,0.25,and 0.30 mm. The segment cross-section
istriangular,and the base, forall thicknesses and diametersis 0.60 mm,
the segments are affered in 90°, 120°, 160°, or 210° of arc.

Postoperatively, all the eyes received antibiotic-steroid combina-
tion eye drops four times per day for 2 weeks. In addition, all patients
were instructed to use preservative-free artificial tears for lubrication
frequently.

On the first postoperative day, slit-lamp biomicroscopic examina-
tion was performed to evaluate healing of the wound and migration
of the segments. At the last follow-up examination, manifest refrac-
tion, UCVA and BSCVA, slit-lamp, and topographic examinations were
performed.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS version 18.0 (SPSS,
Inc.) software package. The paired t-test was used to check the signi-
ficance of the difference between two dependent groups for every
continuous variable. The level of statistical significance was set at
p-value <0.05.

RESULTS

Forty-one eyes of 25 patients with postoperative keratectasia after
PRK (8 eyes, Group A) and LASIK (33 eyes, Group B) were evaluated.
The mean follow-up period was 32.73 months (range 3.80 months
to 8.58 years).

The ICRS segment was uneventfully implanted in all cases. A sin-
gle segment was implanted in 14 eyes (34.1%) and double segments
were implanted in 27 eyes (65.9%) according to the normogram.

Table 1 shows details of the postoperative results from the last
follow-up. The mean manifest astigmatism decreased from -1.88 D

Preoperative

Postoperative

Parameter Group Mean +SD Mean +SD p value
Mean BSCVA (logMAR) Group A 0.30 021 0.11 0.06 0.022
Group B 043 0.16 0.17 0.11 0.000
All patients 041 017 0.16 0.10 0.000
Mean manifest astigmatism (D) Group A -1.88 1.56 -0.84 0.83 0.096
Group B -3.18 2.08 -1.77 1.36 0.000
All patients -2.93 2.04 -1.59 1.32 0.000
Mean keratometric astigmatism (D) Group A -2.58 1.02 -1.66 0.83 0.010
Group B -4.80 258 -2.78 1.71 0.000
All patients -4.36 251 -2.56 1.63 0.000
Mean spherical equivalent (D) Group A -297 2.12 -2.05 1.98 0.065
Group B -331 320 -242 271 0014
All patients -3.24 3.00 -2.34 257 0.003

BSCVA= best spectacle-corrected visual acuity; D= diopters; Group A= after PRK; Group B= after LASIK.
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preoperatively to -0.84 D postoperatively in Group A (p=0.096) and
-3.18 to -1.77 D in Group B (p=0.000). Only three eyes did not show
successful reduction of corneal astigmatism. The mean manifest
astigmatism decrease was statistically significant in Group B (p=0.000;
Figure 1).

The mean keratometric astigmatism decreased from -2.58 to
-1.66 Din Group A (p=0.010) and -4.80 to -2.78 D in Group B (p=0.000).
The mean spherical equivalent (SE) decreased from -2.97 to-2.05 D in
Group A (p=0.065) and -3.31 to -2.42 D in Group B (p=0.014).

The mean BSCVA improved from 0.30 to 0.11 (logMAR) in Group
A (P=0.009) and 0.43 to 0.17 in Group B (p=0.000). Four eyes main-
tained the preoperative BSCVA and 37 gained one to five lines of
BSCVA. A mean gain of two lines in BSCVA was noted on comparing
the preoperative measurements with the postoperative results at the
last follow-up.

The mean maximum keratometry (K ) decreased from 45.34 to
43.75 D in Group A (p=0.001) and 49.96 to 47.55 D in Group B
(p=0.000). The mean minimum keratometry (K ) decreased from
42.76 10 42.09 D in Group A (p=0.049) and 45.17 to 44.77 D in Group
B (p=0.068).

A between-group comparison is shown in table 2, which indica-
testhat nostatistically significant difference was found.The decrease
in the mean manifestastigmatismwas-1.03Din Group Aand-1.41D
in Group B (p=0.063). The mean reduction in keratometric astigma-
tism was -0.91 D in Group A and -2.02 D in Group B (p=0.842). The
mean SE decrease was -0.92 D in Group A and -0.89 D in Group B
(p=0.858).

Mean manisfest astigmatism reduction
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Figure 1. Preoperative x postoperative results.

Table 2. Comparison between PRK and LASIK

DISCUSSION

Over the last few years, there has been increasing concern regar-
ding the occurrence of corneal ectasia after laser surgery. Although
corneal ectasiais a rather rare occurrence after refractive surgery, being
more frequent after LASIK than after PRK'?, it can have a profoundly
negative effect on the refractive properties of the cornea. The cornea
begins to thin, and this may result in irregular astigmatism that leads
to decreased visual acuity.

One possible alternative to manage corneal ectasia after laser
refractive surgery is ICRS implantation, which was initially developed
for the correction of myopia™. Because of the removable and
tissue-saving nature of this technique, its application can be extended
to patients with corneal thinning disorders!. The insertion of addi-
tional material in the deep stroma induces a modification of the cor-
neal curvature and corneal shape>'®. These midperipheral implants
generate a central flattening effect because of the structure of the
stromal collagen. The magnitude of this flattening effect is directly
proportional to the thickness of the implant and inversely propor-
tional to its diameter™. This corneal flattening induced by ICRS is
particularly useful in ectatic corneal disease for minimizing corneal
protrusion and consequently refractive error. However, it should be
considered that the stromal structure is altered in the ectatic cornea
and presents with a nonorthogonal lamellar architecture(>19)

Our results demonstrate that ICRS implantation is an effective
treatment option for corneal ectasia, as reported previously in the li-
terature!””'® The dramatic change in visual outcome and the stability
of the results in terms of BSCVA and corneal topography after corneal
ring implantation shows this is a suitable and effective treatment for
ectasia after LASIK and PRK.

No intraoperative or delayed complications occurred. The integri-
ty of the cornea was well preserved in all the eyes, and there was no
evidence of ectasia or progressive thinning.

No significant changes were found in SE in both the groups. A
mean change of -2.05 in Group A and -2.42 in Group B was observed,
whereas a significant progressive reduction in manifest astigmatism
was observed in Group B (mean change, -1.77 D). In contrast, other
authors have reported significant reductions in SE with ICRS"™.
An explanation for this difference could be the great variability in
preoperative SE observed in our sample, with mean SD of 3.24 D
for all patients. In addition, no significant decrease in keratometric
astigmatism was reported in Group A (mean change, -1.66); in con-
trast, it was significant in group B (mean change, -2.78). The signifi-
cant astigmatic reduction found in our study supports the findings
of previous studies*2?,

With regard to BSCVA, only Group B showed significant improve-
ment at the last postoperative follow-up visit. Such an improvement
was also reported in other previous series of post-LASIK ectasia with
ICRS®Y, which confirms the adequate visual outcome provided by
these implants in these ectatic corneas.

Parameter Group Preoperative Postoperative Reduction p value

Mean BSCVA (logMAR) Group A 0.30 0.11 -0.18 0.823
Group B 043 0.17 -0.25

Mean manifest astigmatism (D) Group A -1.88 -0.84 -1.03 0.063
Group B -3.18 -1.77 -1.41

Mean keratometric astigmatism (D) Group A -2.58 -1.66 -0.91 0.842
Group B -4.80 -2.78 -2.02

Mean spherical equivalent (D) Group A -2.97 -2.05 -0.92 0.858
Group B -3.31 -242 -0.89

Mean keratometry (Km) Group A 44.05 4292 1.13 0.842
Group B 47.56 46.16 140

BSCVA= best spectacle-corrected visual acuity; D= diopters; Group A= after PRK; Group B= after LASIK.
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A comparison between the preoperative and postoperative re-
sults of groups A and B did not reach statistical significance, and it
could be attributed to the small number of patients in Group A.

There are some limitations to this study: the lack of a comparative
group and the small sample of studied eyes (25 patients, 41 eyes) are
the major limitations in determining the conclusiveness of our re-
sults. Future prospective comparative randomized studies with larger
patient populations are required to clarify these crucial limitations of
the present study.

Our postoperative results revealed a significant reduction in the
magnitude of steepening of the anterior corneal surface, an increase
in topographical regularity, and an improvement in BSCVA because
of the better irregularity index and simultaneous partial correction of
the residual refractive error.

Therefore, we suggest that ICRS implantation should be included
in the treatment protocol for ectasia after refractive surgery because
it is a safe and reversible procedure that preserves the visual axis of
the cornea.

CONCLUSIONS

In conclusion, ICRS implantation in eyes with corneal ectasia after
refractive surgery provides satisfactory visual outcomes and is a
useful treatment option for corneal irregularity and astigmatism in
post-LASIK and PRK corneal ectasia. These findings should be confir-
med in larger comparative studies.
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