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A 33-year-old woman with irregular astigmatism 6 years after radial keratotomy (RK) for kerato-
conus was treated with implantation of a single intrastromal corneal ring segment (Keraring) using
the femtosecond laser. The segment (0.150 mm thick with a 160-degree arc) was inserted in the
steepest area (inferior) with no intraoperative or postoperative complications. Six months postop-
eratively, the uncorrected visual acuity had improved from 20/40 to 20/25 and the best spectacle-
corrected visual acuity, from 20/32 to 20/20. The mean manifest astigmatic correction decreased
from �2.50 diopters (D) to �0.75 D, and corneal topography showed improved inferior steepen-
ing and less irregular astigmatism. Although the results are encouraging, the long-term effect of
this approach in post-RK patients is not known.
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CASE REPORT
Radial keratotomy (RK) is one of several surgical
incisional procedures formyopia correction. The results
and side-effects of this procedure have been exten-
sively documented. 1–4 A shift of the refractive error to-
ward hyperopia has been reported over a 10-year
period,4 and irregular astigmatism can be found as
a result of microperforations, irregular incisions, inci-
sions across the central optical zone, and various inci-
sion depths. Radial keratotomy has also been used for
optical rehabilitation of patients with mild to moderate
keratoconus.5–7

Intrastromal corneal ring segments (ICRS) have
been used to correct low myopic refractive errors
and are currently used to correct corneal ectatic

Submitted: May 14, 2008.
Final revision submitted: July 25, 2008.
Accepted: July 25, 2008.

From the World Eye Hospital (Coskunseven, Aslan), Istanbul, Tur-
key; and the Institute of Vision and Optics (Kymionis, Bouzoukis,
Pallikaris), University of Crete, Heraklion, Greece.

Dr. Coskunseven is a scientific consultant to Mediphacos, Belo Ho-
rizonte, Brazil. No author has a financial or proprietary interest in
any material or method mentioned.

Corresponding author: Dimitrios Bouzoukis, MD, Institute of Vision
and Optics, University of Crete, Medical School, Department of
Ophthalmology, 71110 Heraklion, Crete, Greece. E-mail: dbouzou-
kis@hotmail.com.
Q 2009 ASCRS and ESCRS

Published by Elsevier Inc.
disorders such as keratoconus, pellucid marginal de-
generation, and post-laser in situ keratomileusis ecta-
sia.8–13 The Keraring (Mediphacos Belo Horizonte,
Brazil) is a newly-developed ICRS characterized by
a triangular cross section. Shabayek and Alió14 re-
cently reported the results of Keraring implantation
using the femtosecond laser in a series of keratoconic
patients. They concluded that this method is effective
and safe for keratoconus.

We present a case in which a single Keraring seg-
ment was implanted using the femtosecond laser (In-
tralase Corp., Irvine, CA) in a keratoconic patient
with abnormal astigmatism 6 years after RK. To our
knowledge, this is the first report of such approach.

CASE REPORT

A 33-year-old woman with keratoconus who had an
uneventful unilateral RK procedure 6 years earlier was re-
ferred for evaluation of decreased vision in the left eye.
A comprehensive ophthalmic examination was performed,
including uncorrected visual acuity (UCVA) and best specta-
cle-corrected visual acuity (BSCVA) using the Snellen chart,
manifest refraction, and computer-assisted videokerato-
scopy using the Orbscan II (Technolas GmbH Ophthalmolo-
gische Systeme Feldkirchen, Germany) and WaveLight
Topolyzer (WaveLight Technologie AG Erlangen, Ger-
many). At presentation (6 years post-RK), the UCVA was
20/40, the BSCVA was 20/32, and the manifest refraction
was 0.75 �2.50 � 90.

Biomicroscopy revealed 6 healed RK scars and 2 astig-
matic keratotomy incisions located from 5 o’clock to 7
o’clock and 11 o’clock to 1 o’clock. Fundoscopic examination
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was normal. Corneal topography revealed marked inferior
steepening with simulated keratometry readings of 43.6/
46.3 with topographic astigmatism of 2.7 diopters (D) (Fig-
ure 1, A). The central corneal ultrasound pachymetry (Sono-
gage 50 Hz, Cleveland, OH) was 437 mm.

The patient was scheduled for implantation of a single
inferior ICRS (Keraring). She was informed of the possible
intraoperative and postoperative complications and gave
written informed consent in accordance with institutional
guidelines and the Declaration of Helsinki.

The surgical procedure was performed under topical an-
esthesia. The corneal thickness was measured with ultra-
sonic pachymetry at a 5.0 mm optical zone at the
implantation site. A corneal tunnel was created at 80% depth
(370 mm) of the thinnest part of the cornea (462 mm), using the
IntraLase femtosecond laser (IntraLase Corp.). The dispos-
able glass lens was applanated to the cornea to fixate the
eye and maintain a precise distance from the laser head to
the focal point. The pulse duration was 600 femtoseconds.
The IntraLase settings were inner diameter 4.4 mm; outer di-
ameter 5.6 mm; entry cut length 1.1 mm; entry cut thickness
1 mm; ring energy 1.50; entry cut energy 1.50; duration of
tunnel creation 19 seconds. According to the topographic
findings, a single Keraring segment (0.150 mm thick with
a 160-degree arc) was inserted inferiorly with the incision
axis at 16 degrees, far from the RK cut (Figure 2).

Figure 1. Preoperative topography of the left eye with post-RK irreg-
ular astigmatism (top) and 6-month postoperative topography after
implantation of a single ICRS using the femtosecond laser (bottom).
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After surgery, antibiotic steroid eyedrops 4 times daily for
2weeks were prescribed. The patient was instructed to avoid
rubbing the eye and to use preservative-free artificial tears
frequently.

Six months after the procedure, the UCVA improved to
20/25, the BSCVA improved to 20/20, and the manifest re-
fraction decreased to �0.75 � 110. The manifest astigmatic
correction decreased to 0.75 D, and corneal topography
showed improved inferior steepening and less irregular
astigmatism (Figure 1, B) with simulated K readings of
44.2/45.6. The patient did not complain of halos or glare.

DISCUSSION

Post-RK refractive complications such as refractive in-
stability and irregular astigmatism continue to be chal-
lenging problems.1–4 In addition to myopia correction,
RK has been used for optical rehabilitation of patients
with mild to moderate keratoconus.5–7 In these post-
RK keratoconic patients, refractive complications can-
not be treated with excimer laser refractive surgery
because of corneal instability. Recently, Koppen
et al.15 presented encouraging results after implanta-
tion of a single ICRS (Intacs, Addition Technology,
Inc.) in a post-RK patient with diurnal variation in re-
fraction. The tunnel for segment implantation was cre-
ated manually using mechanical devices, and
dehiscence of the RK corneal incisions was observed
during tunnel creation.

We present a post-RK keratoconic patient who had
uneventful implantation of a single ICRS using the
femtosecond laser. No intraoperative (RK incision de-
hiscence) or postoperative complications were ob-
served. To minimize the possibility of RK incision
dehiscence, the femtosecond laser, which can deliver
energy accurately to a precise depth in a programmed
way, was used and an ICRS that can be implanted

Figure 2. Slitlamp photograph of the post-RK eye after implantation
of a single inferior ICRS using the femtosecond laser with a 5.0 mm
implantation zone.
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through a small optical zone was implanted with no
technical difficulty. (Kerarings are implanted at
a 5.0 mm optical zone; Intacs are implanted at
a 7.0 mm optical zone.) There was significant improve-
ment in visual outcomes (UCVA and BSCVA) and ker-
atometric values, which remained stable during the
6-month follow-up. The pupil size in mesopic condi-
tions was 6.5 mm, but the patient did not experience
halos or glare, probably because only a single segment
was implanted.

In conclusion, based on topographic findings, a sin-
gle small-diameter ICRS may be an alternative, mini-
mally invasive treatment for irregular astigmatism in
post-RK patients with keratoconus. Segments that re-
quire small implantation zones (such as the Keraring)
seem promising as they can avoid the previous RK in-
cision areas. Further studies are needed to determine
the efficacy and safety of this technique in post-RK
patients.
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