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One-Year Results of Intrastromal Corneal Ring Segment
Implantation (KeraRing) using Femtosecond Laser in

Patients with Keratoconus

EFEKAN COSKUNSEVEN, GEORGE D. KYMIONIS, NIKOLAOS S. TSIKLIS, SERIFE ATUN, EBRU ARSLAN,

MIRKO R. JANKOV, AND IOANNIS G. PALLIKARIS
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 PURPOSE: To report the results of intrastromal corneal
ing segment [ICRS] (KeraRing; Mediphacos, Belo Hori-
onte, Brazil) implantation using a femtosecond laser
IntraLase Corp, Irvine, California, USA) in keratoconic
atients.
 DESIGN: Retrospective, noncomparative, interventional
tudy.
 METHODS: Thirty-two keratoconic patients (50 eyes)
ho underwent ICRS insertion using a femtosecond

aser for channel creation and completed at least one year
f follow-up were included in this study. Uncorrected
isual acuity (UCVA), best spectacle-corrected visual
cuity (BSCVA), refraction, topographic findings, and
dverse events were assessed.
 RESULTS: No intraoperative complications were dem-
nstrated in this series of patients. At the first postoper-
tive day, segment migration to the incision site was seen
n three eyes (6%; early postoperative complication). To
void melting, we repositioned the migrated segment
way from the incision site. Serious second migration was
ot seen and we did not need to reposition any segment
gain. At the last postoperative examination, there was a
tatistically significant reduction in the spherical equiv-
lent refractive error compared with that observed at the
xamination before implantation (mean � standard devi-
tion, �5.62 � 4.15 diopters [D; range, �23.62 to
.50 D] to �2.49 � 2.68 D [range, �11.12 to 3.5 D];
 < .001). The UCVA before implantation was 20/40
r worse in 47 eyes (94%; range, counting fingers to
0/30), whereas at the last follow-up examination, 14
28%) of 50 eyes had a UCVA of 20/40 or better (range,
ounting fingers to 20/25). Nine eyes (18%) maintained
he preimplantation BSCVA, whereas 39 eyes (68%)
xperienced a BSCVA gain of one to four lines at the last
ollow-up examination. Only in two eyes (4%; two
atients) with advanced keratoconus (stage III) was
here a decrease of up to two lines. Despite this deterio-
ation in BSCVA, the patients did not want to remove
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he ICRSs, because there was an increase of UCVA. No
ate postoperative complications were observed during
he follow-up period.
 CONCLUSIONS: ICRS (KeraRing) implantation using
emtosecond laser for tunnel creation is a minimally
nvasive procedure for improving visual acuity (both
CVA and BSCVA) in keratoconic patients. (Am J
phthalmol 2008;145:775–779. © 2008 by Elsevier

nc. All rights reserved.)

HE IMPLANTATION OF SMALL ARC-LIKE POLYMETHYL

methacrylate (PMMA) segments is a minimally
invasive surgical option for keratoconic corneas or

ctatic corneas occurring after laser in situ keratomileu-
is.1–6 There are different types of intracorneal rings,
epending on their curvature, width, and zone of implan-
ation. KeraRings (Mediphacos, Belo Horizonte, Brazil)
re newly developed segments made of PMMA that are
haracterized by a triangular cross-section that induces a
rismatic effect on the cornea. Their apical diameter is 5 mm
nd the flat basis width is 0.6 mm with variable thickness
0.15- to 0.30-mm thickness with 0.5-mm steps) and arc
engths (90 degrees, 160 degrees, and 210 degrees). The
ptical zone provided by KeraRing segments is 5.0 mm in
iameter.

The tunnel creation for segment implantation is made
anually using mechanical devices. This step of the

rocedure correlated with a number of possible complica-
ions such as epithelial defects, perforation, infectious
eratitis, shallow or uneven or asymmetric segment place-
ent, corneal stromal edema around the incision, exten-

ion of the incision toward the central visual axis or the
imbus, and persistent incisional gaping.7–9

Previous studies with ring segments similar to KeraRing
egments (Ferrara intracorneal ring segments; Ferrara Oph-
halmics, Belo Horizonte, Brazil) showed an increase rate
f complications because of these technical difficulties.10,11

o minimize these complications, tunnel creation now can
e carried out with a femtosecond laser because it can
eliver energy accurately to a precise depth in a pro-
rammed way. The first study using the femtosecond laser
o insert Intacs (Addition Technology, Inc, Fremont,
alifornia, USA) for keratoconus compared with a me-
hanical spreader was performed by Rabinowitz and asso-
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iates, whereas additional studies indicate that Intacs
mplantation with the use of a femtosecond laser is a safe
nd effective procedure for treating keratoconic corne-
s.12–15 Recently, Shabayek and Alió published a series of
eratoconic patients who were followed up six months
fter intrastromal corneal ring segment (ICRS) implanta-
ion with KeraRings and a femtosecond laser.16 In the
urrent study, we evaluated the outcomes and long-term
omplications (all patients completed at least one year of
ollow-up) of this type of intracorneal ring segments using

femtosecond laser for tunnel creation (IntraLase Corp,
rvine, California, USA) in keratoconic patients.

METHODS

IFTY EYES OF 32 KERATOCONIC PATIENTS (18 MALES [26

yes] and 14 females [24 eyes]) who underwent ICRS
mplantation of KeraRings using a femtosecond laser for
unnel creation were included in this study. All procedures
erformed by the same surgeon (E.C.) at Dunya Eye
ospital, Istanbul, Turkey. The mean patient age was

8.32 � 7.28 years (range, 18 to 44 years). All patients
ompleted at least one year of follow-up. The Table
ummarizes patient demographic and refractive data.

All patients demonstrated clear central corneas and
ontact lens intolerance. Corneal thickness was at least
50 �m at the thinnest corneal point and at least 450 �m

TABLE. Preoperative and Last Follow-up Examination Dat
Segment (Kera

Preoperative

No. of eyes

No. of patients

Gender

Male

Female

Age (yrs)

Mean � SD

Range

Follow-up (mos)

Mean � SD

Range

Spherical equivalent (D)

Mean � SD �5.62 � 4.16

Range �0.50 to �23.62

Cylinder (D)

Mean � SD �4.13 � 2.02

Range �0.5 to �9.50

Topographic K values (D)

Mean � SD 50.63 � 3.97

Range 42.05 to 60.95

D � diopters; SD � standard deviation; mos � months.
t the incision side. Patients were excluded if any of the d

AMERICAN JOURNAL OF76
ollowing criteria applied after the preoperative examina-
ion: history of herpes, keratitis, corneal dystrophies, diag-
osed autoimmune disease, systemic connective tissue
isease, acute or grade IV keratoconus, and endothelial cell
ount of less than 1000 cells/mm2.

A complete ophthalmologic examination performed
efore surgery included uncorrected visual acuity (UCVA)
nd best spectacle-corrected visual acuity (BSCVA) assess-
ent, manifest refraction, biomicroscopy, corneal topog-

aphy (using Orbscan IIz [Bausch & Lomb GmbH,
eldkirchen, Germany] or WaveLight Allegretto Topo-
yzer [WaveLight Technologie, Erlangen, Germany]), and
ndothelial cell measurement with specular microscopy
Konan Specular Microscope SP 9000; Noncon Robo
achy Konan Medical, Inc, Hyogo, Japan).

SURGICAL PROCEDURE: The surgical procedure was
arried out under sterile conditions and topical anesthesia.
urkinje reflex was chosen as the central point and was
arked under Wavelength Allegretto Biomicroscope. A

-mm marker was used to locate the exact ring channel.
orneal thickness was measured during surgery using
ltrasonic pachymetry (Sonogage, Cleveland, Ohio, USA)
long the ring location markings. Tunnel depth was set at
5% of the thinnest corneal thickness on the tunnel
ocation in the femtosecond laser.

An incision was made on the steepest topographic axis.
ne or two segments were implanted according to the

Patients with Keratoconus after Intrastromal Corneal Ring
) Implantation

Last Postoperative Examination

50

32

18

14

.32 � 7.28

18 to 44

15.6 � 3.2

12 to 24

�2.50 � 2.68 P � .001

3.50 to �11.12

�2.18 � 1.27 P � .001

�0.5 to �6.00

47.56 � 4.46 P � .001

36.00 to 61.50
a of
Ring

28
istribution of the ectatic area on the corneal surface,

OPHTHALMOLOGY MAY 2008
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hereas the thickness of the segment was decided accord-
ng to the distribution of the ectatic area as well as the
pherical equivalent (SE). A 60-khz femtosecond laser was
sed to create the ring channels. Special attention was
iven in centralizing the disposable suction ring to mark
he central point to minimize decentration. The channel’s
nner diameter was set to 4.4 mm, the outer diameter was
.6 mm, the entry cut thickness was 1 �m (at the steepest
opographic axis), the ring energy used for channel cre-
tion was 1.30 �j, and the entry cut energy was 1.30 �j.
hannel creation timing with the femtosecond laser was
5 seconds. The intracorneal ring segments were im-
lanted immediately after channel creation before the
isappearing of the bubbles, which reveals the exact tunnel
ocation. To avoid any injury to the incision area, we
irectly implanted the segment with the special KeraRing
orceps. The KeraRing segment was implanted unevent-
ully in all cases. After surgery, antibiotic steroid eye drops
our times daily for two weeks were prescribed. The
atients were instructed to avoid rubbing the eye and to
se preservative-free artificial tears frequently. On the first
ostoperative day, slit-lamp biomicroscopic examination
as performed. Healing of the wound and migration of the

egments were evaluated. At the last follow-up examina-
ion, manifest refraction, UCVA and BSCVA, slit-lamp,
nd topographic examinations were performed.

STATISTICAL ANALYSIS: Group differences for continu-
us variables were tested using the paired Student t test.
esults are presented as mean � standard deviation (SD). A
value less than .05 was regarded as statistically significant.

RESULTS

EAN FOLLOW-UP WAS 15.6 � 3.2 MONTHS (RANGE, 12 TO 24

IGURE 1. Bar graphs demonstrating (Left) uncorrected visual a
BSCVA) changes (lines of Snellen acuity) after intrastromal cor
onths). At the last follow-up examination, SE error was 8

KERARINGS USING FEMOL. 145, NO. 5
tatistically significantly reduced (preimplantation mean �
D, �5.62 � 4.15 diopters [D; range, �23.62 to 0.50 D];
ostimplantation mean � SD, �2.49 � 2.68 D [range,
11.12 to 3.5 D; P � .001; Table).
UCVA and BSCVA were measured using Snellen scale

harts. UCVA was improved in 39 eyes (78%) compared
ith the preoperative levels. Preoperative UCVA was
0/40 or worse in 47 eyes (94%; range, counting fingers to
0/30), whereas at the last follow-up examination, 14
28%) of 50 eyes had UCVA of 20/40 or better (range,
ounting fingers to 20/25). The mean difference between
reoperative and postoperative UCVA was a gain of 1.7
ines (range, loss of one UCVA Snellen line to gain of six
ines; Figure 1, Left).

BSCVA was maintained to the preimplantation level in
ine eyes (18%), whereas 39 eyes (68%) experienced a
SCVA gain of one to up to four lines at the last follow-up
xamination. Only in two eyes (4%; two patients) with
dvanced keratoconus (stage III) was there a decrease of up to
wo lines. Despite this deterioration in BSCVA, the patient
id not want to remove the ICRSs because there was an
ncrease of UCVA. The mean difference between preopera-
ive and postoperative BSCVA was a gain of 1.3 lines (range,
oss of two lines to a gain of four lines; Figure 1, Right).

A significant reduction in keratometric values was found
t the last follow-up examination (Table). Mean preoper-
tive keratometry was 50.63 � 3.97 D (range, 42.05 to
0.95 D) and changed significantly to 47.56 � 4.46 D
range, 36.00 to 61.50 D; P � .001). Similarly, mean
reoperative keratometric astigmatism was 4.71 � 2.64 D
range, 0.60 to 12.50 D) and statistically significantly
hanged to 3.17 � 2.27 D (range, �1.50 to 9.80 D;
� .001) at the last follow-up examination (Table).
Furthermore, in patients with more pronounced kerato-

onus (stage III;15 31 eyes), the mean reduction in kera-
ometric values was �3.62 � 3.72 D (range, �11.25 to

and (UCVA) and (Right) best spectacle-corrected visual acuity
ring segment (KeraRing) implantation in keratoconic patients.
cuity
neal
.75 D). This reduction was higher compared with the
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ean reduction in patients with stage I (eight eyes; 1.88 �
.01 D [range, �6.50 to 1.15 D]) or stage II (11 eyes;
2.37 � 1.93 D [range, �5.8 to 0.45 D]) keratoconus, but

t did not reached statistically significant levels (P � .05).

ADVERSE EFFECTS AND COMPLICATIONS: At the first
ostoperative day, segment migration to the incision site
as seen in three eyes (6%; early postoperative complica-

ions). To avoid melting, we repositioned the migrated
egment away from the incision site, advised the patients
ot to rub the eye, and again applied a bandage contact

ens. Serious second migration was not seen and we did not
eed to reposition any segment again. No late postopera-
ive complications occurred in this series of patients.

DISCUSSION

NTRACORNEAL RING SEGMENTS WERE FIRST IMPLANTED

n human eyes by Nosé and associates, and a few years
ater, Colin and associates reported their preliminary
esults regarding the management of keratoconus with
ntacs.4,17 The procedure is effective in most keratoconic
atients, but the predictability is low and the results are
ariable.17–22

Intacs inserts have a crescent-shaped arc length of 150
egrees. Their inner diameter is 6.8 mm and the outer
iameter is 8.1 mm when placed in the cornea. However,
eraRings have a smaller optical zone (apical diameter, 5.0
m). Theoretically, KeraRings may have a greater effect

han Intacs because they are placed more centrally, but the
rocedure may be more difficult (they are implanted in
hinner corneal areas).

In the current study, one year after KeraRing implanta-
ion, UCVA was improved in 39 eyes (78%) compared
ith the preoperative levels, with a mean gain of 1.9 lines

range, loss of one to gain of six lines). BSCVA was
aintained to the preimplantation level in nine eyes

18%), whereas 39 eyes (68%) experienced a BSCVA gain
f one to up to three lines at the last follow-up examina-
ion (mean gain, 1.3 lines; range, loss of two lines to gain
f four lines). Only in two eyes (two patients) with
dvanced keratoconus (stage III) was a decrease of two
ines with an increase of UCVA found.

In comparison with other studies of intracorneal rings
mplantation with mechanical devices,7–9 there was a
ignificant reduction of complication rate. Regarding Fer-
ara rings (similar to KeraRings), Siganos and associates
eported an incidence of 7.7% of improper implantation,
hereas Kwitko and Severo reported a higher incidence of
omplications (such as ring extrusion in 19.6% of the
yes).10,11 In the current study, no explantation was
erformed (in three eyes [6%], segments were repositioned
t the first postoperative day without any further interven-
ion needed), mainly because of the precise depth of

mplantation with femtosecond laser (Figure 2). Recently, p

AMERICAN JOURNAL OF78
habayek and Alió first published a series of keratoconic
atients followed up for six months after ICRSs implanta-
ion with KeraRings using a femtosecond laser.16 They
oncluded that this method is effective and safe for
eratoconus.
A few studies (most of them with limited treated eyes)

sed a femtosecond laser for segment implantation in
eratoconic patients.14–16 Ertan and associates published a
eries of keratoconic patients who underwent Intacs im-
lantation using a femtosecond laser.14 Intacs were im-
lanted successfully in all eyes. At the end of the first
ostoperative year, 81.3% of eyes had improved UCVA
nd 73.7% had improved BCVA. Similarly in our study,
CVA was improved in 78% of the eyes compared with

he preoperative levels, whereas 68% of the studied eyes
xperienced a BSCVA gain of one to up to three lines at
he last follow-up examination. All these studies concur
hat femtosecond laser-assisted intracorneal ring segments
nsertion in most keratoconic eyes improves the UCVA
nd BSCVA (gain of more than six Snellen lines) and
educes patient manifest refraction and corneal astigma-
ism (up to 4 D). These refractive and topographic results
re comparable with the results of mechanical Intacs
hannels creation.1–6,10,11,17–22

The use of the femtosecond laser in corneal tunnel
reation made the procedure faster, easier (especially for
nexperienced surgeons), and more comfortable for the
atient. However, the main advantage of IntraLase-
ssisted channel creation over the mechanical technique
eems to be the precise depth of implantation. From the
ublished data14–16 and our experience, the safety of the
rocedure seems to be very high.
A few potential limitations are apparent in this study,

ith the small sample of treated eyes, the lack of a
omparative group (keratoconic eyes after KeraRing inser-
ion using mechanical devises), and the absence of
ollow-up data in the intermediate period being the major
eservations in concluding sufficient results.

In conclusion, KeraRing implantation using a femtosecond
aser seems to be a minimally invasive treatment with good
isual and refractive outcomes. Future larger, comparative
tudies focusing on the nomogram modification and the

IGURE 2. Visante OCT AC Imaging demonstrating intras-
romal corneal ring segments (KeraRing) inserted using Fem-
osecond laser in a keratoconic eye.
ossible complications of the technique are needed.

OPHTHALMOLOGY MAY 2008
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