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Abstract. The present study reports the use of a phakic toric
Implantable Collamer Lens (ICL) that improved the refraction
correction of high myopia and astigmatism in a case of kera-
tectasia following corneal cross-linking. A 31-year-old male
was diagnosed with keratectasia 12 years after laser-assisted
in situ keratomileusis (LASIK). Following LASIK, the mani-
fest refraction was -3.50-2.25x90 [0.1 logarithmic expression
(LogMAR) best corrected visual acuity (BVCA)] in the right
eye and -8.00-3.50x175 (0.3 LogMAR BCVA) in the left eye,
with a LogMAR uncorrected distance visual acuity (UDVA)
of 0.8 and a ‘counting fingers’ value of 3 ft (CF @3 ft) in the
left and right eyes, respectively. Riboflavin/ultraviolet A light
(UVA) corneal crosslinking (CXL) was conducted on both
eyes. Seven months after cross-linking, LogMAR UDVA was
0.4, the manifest refraction was -2.75-2.50x85 and LogMAR
BCVA was 0.1 in the right eye. In the left eye, LogMAR
UDVA was CF @3 ft, the manifest refraction was -15.00
and LogMAR BCVA was 0.3. The corneal topography was
stable 7 months after CXL. Phakic toric ICL was implanted
to correct the refractive error, following which the LogMAR
UDVA improved to 0.1 in the right eye and 0.3 in left eye, and
visual acuity remained stable for 6 months after ICL implan-
tation. In conclusion, combining riboflavin/UVA corneal
cross-linking and phakic toric ICL implantation may be an
alternative in the correction of high refractive error in patients
with keratectasia.
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Introduction

For two decades, laser-assisted in situ keratomileusis (LASIK)
has been used to correct myopia, as it is effective at improving
visual acuity within a short time period. Typically, a 9-mm
corneal flap is cut using a laser and, following laser treatment,
the corneal flap is carefully repositioned (1). Keratectasia is one
of the severe complications that may follow corneal refractive
surgery, with an incidence between 0.04 and 0.6% following
LASIK (2-4). The disease symptoms are the progressive
steepening and thinning of the central cornea, with increasing
myopia and astigmatism (5). Individuals experiencing keratec-
tasia benefit from rigid gas permeable contact lenses (RGP)
for refraction correction (6). However, contact lens intolerance
may occur due to an irregularly shaped cornea or the compli-
cations of allergic conjunctivitis (7). Other surgical options
to treat keratectasia include corneal cross-linking (CXL)
combined with photorefractive keratectomy (PRK) in the
early stages (8), and keratoplasty (9). Phakic toric Implantable
Collamer Lenses (ICL) (STAAR Surgical, Nidau, Switzerland)
have previously been used for their superiority in postopera-
tive visual performance, as compared with corneal refractive
surgeries such as LASIK, sub-Bowman's keratomileusis and
Femto-LASIK (10), and for their safety and effectiveness in the
correction of moderate-to-high ametropia (11-13). Numerous
case reports have demonstrated that ICL corrects high refractive
error in late stable keratoconus (7,14). Riboflavin/ultraviolet A
light (UVA) cross-linking is a technique for the treatment of
keratoconus and keratectasia. UVA activates riboflavin into a
triplet which, in turn, produces reactive oxygen species (ROS).
ROS reacts with collagen fibril molecules in the cornea stroma
and enhances the mechanical strength of the cornea to arrest
the progression of keratoconus and keratectasia (15). The
present study reports a case of keratectasia occurring 12 years
following LASIK, and the use of riboflavin/UVA cross-linking
to arrest disease progression, and ICL to correct high refrac-
tive error.

Case report
A 3l-year-old man presented at the Department of

Ophthalmology, Shandong Provincial Hospital Affiliated to
Shandong University (Jinan, China) in November, 2013 with
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Figure 1. Corneal topography. Prior to corneal cross-linking (CXL) of the (A) right and (B) left eye; 7 month post-CXL of the (C) right and (D) left eye; 6 month

post-ICL implantation of the (E) right and (F) left eye.

progressive vision loss in both eyes for 6 months, 12 years
following LASIK. LASIK was performed at Yantai Economic
& Tech Development Zone Hospital (Yantai, China) in July,
2002. The pre-LASIK manifest refraction was -2.25-0.75x60
in the right eye and -1.50-0.25x30 in the left eye. The loga-
rithmic expression (LogMAR) uncorrected distance visual
acuity (UDVA) was 0.9 and 0.3, and LogMAR best corrected
visual acuity (BCVA) was -0.1 and 0.0, for the right and
left eyes respectively. The central corneal thickness (CCT;
Tomey SP-3000; Tomey Corporation, Nagoya, Japan) was
548 ym and 542 pm in the right and left eyes, respectively,
and corneal topography revealed no signs of keratoconus. The

visual acuity of the right and left eyes was -0.1 and 0.0 respec-
tively following LASIK, and remained stable for >11 years.
Slit-lamp examination revealed well-healed LASIK scars
in both eyes and a peri-central corneal scar in the left eye. In
the right eye following LASIK, LogMAR UDVA was 0.8, the
manifest refraction was -3.50-2.25x90 and LogMAR BCVA
was 0.1. In the left eye, LogMAR UDVA was a ‘counting
fingers’ value of 3 ft (CF @3 ft), the manifest refraction was
-8.00-3.50x175 and LogMAR BCVA was 0.3. Corneal tomog-
raphy (Fig. 1; Allergo Topolyzer Vario; Wavelight GmbH,
Erlangen, Germany) revealed keratectasia with corneal
astigmatism of 2.3 D (Fig. 1A) in the right eye and 2.1 D
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(Fig. 1B) in the left eye. The apex keratometric (K) values were
42.88 D and 56.71 D, and CCT was 458 ym and 437 pum for
the right and left eyes, respectively. The endothelial cell count
(ECD) was acquired using a specular microscope (SP-3000P;
Topcon Corporation, Tokyo, Japan) and was measured as
2,405 cells/mm? in the right eye; the ECD was not measured
in left eye due to the corneal scar.

The present study was approved by the ethics committee
of the Shandong Provincial Hospital Affiliated to Shandong
University (Jinan, China) under the principles of the Helsinki
Declaration (16), and written informed consent was obtained
from the patient. CXL was performed in both eyes according
to the Dresden protocol (17,18) as follows: Following local
anesthesia with proparacaine hydrochloride 0.5% eye drops
(Alcaine; Alcon Laboratories, Inc., Fort Worth, TX, USA),
the epithelium in the previous corneal flap (from LASIK) was
removed by an excimer laser system with a wavelength of
193 nm (WaveLight EX500; WaveLight GmbH). In both eyes,
the ablation diameter was 8.5 mm with a depth of 50 ym. For
30 min at intervals of 2 min, 0.1% riboflavin (Ricrolin; Sooft
Italia S.p.A, Montegiorgio, Italy) was administered. When
the cornea was fully penetrated with riboflavin (the yellow
flare in the anterior chamber was monitored by slit-lamp
examination), the cornea was illuminated with UVA (UV-X
[Mlumination System, version 1000, UVXTM; IROCAG,
Zurich, Switzerland) for 30 min at a working distance of
5 c¢m, with irradiation of 3 mW/cm? and wavelength 370 nm
(total dose 5.4 J/cm?). During UVA illumination, riboflavin
administration was continued at the same intervals. Following
illumination, a soft contact lens was applied until the epithe-
lium healed completely. Levofloxacin (Santen Pharmaceutical
Co., Ltd., Osaka, Japan) and pranoprofen eye drops (SENJU
Pharmaceutical Co., Ltd., Osaka, Japan) were used 4 times
daily pre- and post-operation.

The patient was followed-up each month, and refraction
and corneal topography remained stable until month 7. In the
right eye, LogMAR UDVA was 0.4, the manifest refraction
was -2.75-2.50x85 and LogMAR BCVA was 0.1. The apex K
value decreased to 42.45 D and corneal astigmatism was 2.0 D
(Fig. 1C). In the left eye, LogMAR UDVA was CF @3 ft, the
manifest refraction was -15.00 and LogMAR BCVA was 0.3.
The apex K value decreased to 55.52 D and corneal astigma-
tism was 1.7 D (Fig. 1D). ECD was 2,403 cells/mm? in the
right eye; it was not measured in the left eye.

To correct the refractive error, ICLs were implanted in both
eyes under local anesthesia using proparacaine hydrochlo-
ride 0.5% eye drops. Phakic toric ICL power was calculated
according to the astigmatism decomposition method (11). One
week prior to surgery, laser iridotomy was performed on both
eyes using an ophthalmic photocoagulator (Quantel Medical,
Cournon-d'Auvergne, France). The horizontal axis was marked
at 90 and 270° of the corneal limbus in the right eye in a sitting
position. The pupil was dilated with tropicamide-phenylephrine
eye drops (Santen Pharmaceutical Co.,Ltd.). A temporal corneal
incision and an inferior incision were performed, and Medical
Hyaluronan Gel (Bausch & Lomb) was injected into the ante-
rior chamber. Phakic toric ICL (-7.5 D spherical power + 4.0 D
cylinder power x 161° axis in the right eye and -22.5 D spherical
power in the left eye) were implanted in both eyes through the
3-mm temporal corneal incision using an injector cartridge
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supplied by the manufacturer (STAAR Surgical). The four
haptics of ICL or toric ICL (T-ICL) were placed under the iris
using a Battle ICL manipulator (Asico, Westmont, IL, USA).
In the right eye, the phakic T-ICL cylinder axis was exactly
aligned to the cylinder correction provided by a Mendez degree
gauge (Katena Products, Inc., Denville, NJ, USA). Medical
Hyaluronan Gel was completely washed out of the anterior
chamber, and corneal incisions were closed using balanced
salt solution (Alcon Laboratories, Inc.). At the end of the
surgery, 2.5 mg dexamethasone sodium (Jiangxi Xin'ganjiang
Pharmaceutical Co., Ltd., Ji'an, China) was injected under the
conjunctiva. Following the surgery, one drop of levofloxacin,
pranoprofen and tobramycin-dexamethasone eye drops (Alcon
Laboratories, Inc.) were used 4 times daily for 7 days.

Intraocular pressure remained normal at 13 and
12 mmHg for the right and left eyes, respectively (normal
range, 10-21 mmHg) following ICL implantation. One day
post-operation, the LogMAR UDVA was 0.1 and 0.3, and
remained stable thereafter. After 1 week, the manifest refrac-
tion was +0.50-0.75x20 in the right eye and -0.75x5 in left
eye. No intra- or post-operation complications were noted. At
6 months following ICL implantation, the LogMAR UDVA
was 0.1 in the right eye and 0.3 in the left eye. The manifest
refraction was +0.50-1.25x15 and -0.75x20, in the right and left
eyes, respectively. The apex K value was 42.71 D in right eye
and 54.31 D in the left eye. Corneal astigmatism was 1.5 D and
1.7 D (Fig. 1E and F), and CCT was 453 pym and 432 ym, in the
right and left eyes, respectively. ECD was 2,388 cells/mm? in
the right eye; ECD was not measured in the left eye. The patient
described good visual acuity, but experienced halo vision,
particularly at night. In conclusion, ICL. may be implanted for
refraction correction and visual rehabilitation in patients with
keratectasia when refraction and corneal topography are stable
following cross-linking.

Discussion

Low residual stromal thickness and previous corneal risk
factors, including pellucid marginal degeneration, thin corneal
thickness and <30 years of age, may result in keratectasia (2).
For LASIK candidates, careful preoperative examination is the
key to prevent the occurrence of keratectasia. Riboflavin/UVA
corneal collagen cross-linking increases the biomechanical
stability of the cornea by forming new chemical bonds (19),
and arrests the progression of the disease. In the present study,
the patient experienced a slight flattening of the apex K value,
and the range of keratectasia is decreased, following CXL.

In a previous study, Antonios et al (20) implanted ICL after
CXL in a patient with keratoconus. Spherical and cylinder
powers were demonstrated to be -9.55+4.67 and 2.38+1.29 D,
respectively, 6-month after CXL, and decreased to —1.63+0.95
and 1.05+0.55 D 24-month following ICL implantation.
Patients also exhibited a notable improvement in visual acuity.
The present study described a patient with keratoectasia
following LASIK, with spherical power up to -15.00 D in left
eye 7-month post-CXL, and only 0.75 D cylinder power in the
left eye 6-month after ICL implantation. To the best of our
knowledge, the present case report was the first to report CXL
combined with ICL implantation for the correction of refrac-
tive keratectasia.
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At present, toric ICL is available with a cylindrical power
up to +6 D, and a spherical power between -3 and -23 D, for
myopia (21). Phakic toric ICL has been demonstrated to be
effective for the correction of high myopic astigmatism in
keratoconus eyes (7,14). During phakic toric ICL implantation
surgery, surgically induced astigmatism is less likely due to
a 3-mm corneal incision, thus the outcome is more predict-
able (21). In the current study, visual acuity was improved at
6 months following ICL implantation; however, the patient
was confused by halo vision, particularly at night. This may
be due to the pupils enlarging in the dark, as more light than
previously penetrates through peripheral cornea. This suggests
that although ICL can correct refractive error, further research
is required in order to improve visual quality, particularly in
the dark.

In conclusion, ICL implantation can be recommended
when the cornea is stable since it can improve visual acuity.
In the current study, refraction and topography were stable
7 months after CXL. ICL was then implanted, following which
the cornea was stable and the visual outcome was improved
at the 6 month follow-up. The results suggest that combining
riboflavin/UVA corneal cross-linking and phakic toric ICL
implantation may be an alternative for patients with keratec-
tasia. Additional research is required in a larger number of
patients, and long-term follow up should be conducted in order
to confirm these findings.
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