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Abstract
We report the first case of refractive corneal lenticule extraction with the femtosecond laser
application CLEAR as retreatment technique after previous laser vision correction. A 42-year-
old woman, operated by bilateral photorefractive keratectomy (PRK) 19 years previously, with
moderate dry eye, came for post-PRK regression and underwent correction of a residual
myopia of −3 −0.5 × 159° D in the left eye by CLEAR. Surgery was uneventful, with a regular
laser pattern and a normal dissection of the lenticule. At day 1, uncorrected visual acuity was
20/25; at 3 months, it was 20/20, with a refraction of +0.25 × 115° D. The cornea and interface
were regular and transparent; no dry eye symptoms occurred. At 3 months, on optical co-
herence tomography, the treatment was well centered, the surgical interface was centrally
regular, whereas the anterior profile of the stromal surface was slightly corrugated, com-
pensated by a smooth epithelial surface. The present case demonstrates that myopia after PRK
can be achieved by CLEAR; an irregular stromal surface may occur, not affecting the visual
result in virtue of epithelial remodeling.
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Introduction

Refractive corneal lenticule extraction (RCLE) is a recent technique for the correction of
myopia and myopic astigmatism, using a femtosecond laser to delineate an intrastromal
lenticule, then extracted through a small incision [1]. By avoiding the creation of a flap, RCLE
induces less dry eye [2] and entails less stromal alteration [3] compared to laser in situ
keratomileusis (LASIK). A novel RCLE application called CLEAR has recently been launched on
the Ziemer Z8 femtosecond laser platform (Ziemer Group, Port), characterized by the
combination of low-energy laser pulses at the nanoJoule (nJ) level with high-pulse frequencies
(>5 MHz) and computerized control of centration and suction [4]. Only 2 clinical studies on
CLEAR have been published so far, evaluating the correction of myopia in virgin corneas [5, 6]
but never on eyes previously treated by any laser vision correction technique. We therefore
report the first case in which CLEAR was used to correct myopia in an eye that had previously
undergone photorefractive keratectomy (PRK), studied with anterior segment optical co-
herence tomography (AS-OCT).

Case Presentation

A 42-year-old woman had undergone bilateral PRK 19 years previously for the correction
of myopic astigmatism as per surgical report; no refractive data were available. Surgery had
been uneventful, but in the last 10 years, the vision in the left eye (LE) had deteriorated. No
symptoms of dry eye were experienced. The patient sought improvement in the LE.

On examination, the right eye (RE) had an uncorrected distance visual acuity of 20/25
and a corrected distance visual acuity of 20/20 with −0.5 −0.5 × 15° diopters (D). In the LE,
uncorrected distance visual acuity was 20/200 and corrected distance visual acuity was 20/
20 with −3 −0.5 × 159° D.

Schirmer tear test showed a reduced tear production, with 5 mm in 10 min in both eyes.
Noninvasive tear film breakup time (MS-39 CSO, Costruzione Strumenti Oftalmici, Firenze)
was 4 s in the RE and 5 s in the LE.

At slit-lamp, the cornea was fully transparent in both eyes, with no haze; the crystalline
lens, the vitreous, and the retina were normal. The intraocular pressure was 12 mm Hg in the
RE, 14 mm Hg in the LE.

Corneal features on AS-OCT and Placido topography (both performed by MS-39) were
central pachymetry, RE 441 µm and LE 482 µm; central epithelial thickness, 61 µm in the RE
and 64 µm in the LE; regular posterior elevation in both eyes; regular central flattening due to
previous ablation at anterior tangential topography in both eyes (Fig. 1). The stromal surface
and epithelium shared a regular anterior profile (Fig. 2, top).

Considering the reduced stromal thickness (421 µm) and the altered tear film tests, it was
decided to treat the LE by CLEAR, targeting emmetropia with an optical zone of 6.5 mm and a
130 µm cap. A week later, lenticule extraction was performed in the LE by our technique [6].
Briefly, the femtosecond handpiece was laid on the cornea, the treatment centered on the
corneal vertex, the lenticule delineated by the laser. Then the supero-temporal incision was
opened, the lenticule isolated by a Reinstein Lenticule Separator (Malosa MMSU1297S) and
extracted by tying forceps.

At surgery, no difficulties were encountered at any stage, with no difference from a
routine case on a virgin cornea. The laser bubble pattern was regular and dissected without
effort.

At day 1, the cornea was transparent, with mild edema; UCVA was 20/25. At 3 months,
UCVA was 20/20, refraction +0.25 × 115° D, the cornea and interface regular and transparent;
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at AS-OCT, the treatment was well centered, with a 6.8mm optical zone, a stromal thickness of
354 µm, a cap thickness of 132 µm (Fig. 1). On the AS-OCT section, the CLEAR surgical
interface was centrally regular and mildly irregular in the periphery, with a slightly irregular
anterior profile of the stromal surface, compensated by a smooth epithelial surface (Fig. 2,
bottom). The posterior cornea showed no changes. The patient had no symptoms of dry eye.

Discussion

In our case, a good refractive result was achieved by RCLE with the CLEAR application in
an eye that had previously undergone PRK. Surgery and outcome mirrored a normal CLEAR
case. Only one case of RCLE on previous PRK is reported in the literature, performed with a
different laser platform (VisuMax, Zeiss Meditec), and achieving a good result; no AS-OCT
study was, however, performed [7].

The correction of refractive errors after PRK can be addressed by several techniques.
Repeat PRK has the disadvantage of pain, slow recovery, possible induction of haze [8].

Fig. 1. Changes in corneal thickness and curvature after refractive lenticule extractionwith femtosecond laser
in an eye previously operated by myopic photorefractive keratectomy (PRK) at anterior segment optical
coherence tomography (AS-OCT). Top left: preoperative stromal thickness map. Top right: postoperative
stromal thickness map, showing a further central thinning. Bottom left: preoperative anterior tangential
curvature, in which the previous astigmatic ablation is revealed by central flattening and 2 curved zones at 1
and 7 o’clock. Bottom right: postoperative anterior tangential map, with a large red ring surrounding the
optical zone. Themaximum flattening is 2 diopters. The treatment is well centered, with a 6.8mmoptical zone
and a stromal thickness of 354 μm.
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Microkeratome LASIK is rarely performed because of the reduced accuracy of the thickness of
the flap in eyes in which stromal thickness is already affected by previous surgery [9].
Femtosecond LASIK is an ideal method of correction after PRK because it allows thinner and
more precise flaps [10]; it can be, however, be characterized by postoperative dry eye and is
therefore less indicated in eyes with a compromised tear film. In our case, the presence of
altered Schirmer and breakup time was the reason why RCLE was chosen.

As with all enhancement cases, safety calculations are important to prevent ectasia [11].
The epithelial thickness may considerably increase after myopic PRK, making epithelial
mapping a fundamental step [12]. Cap thickness should be calculated in order to include at
least 60 µm of stroma as a thicker stroma increases the corneal biomechanical strength and
reduces the damage to the superficial corneal nerves, thus maintaining the stimulus for tear
production [2]. The use of a single incision may contribute to preservation of corneal nerves.
Ideally, the stromal bed should be at least 250 µm thick [11].

It is uncertain whether nomogram adjustments are required in previously operated
corneas. In a series of femtosecond LASIK over PRK, the standard nomogram was pre-
dictable [10], and in the previous report of RCLE over PRK, no nomogram changes were
suggested [6].

While post-PRK, the stromal surface and the epithelium had a regular appearance, after
CLEAR, the anterior stromal surface was slightly corrugated; this irregularity was com-
pensated by epithelial growth, having thicker area in depressed stromal zones, giving the
corneal surface a smooth appearance. This feature, not evidenced in previous studies on
RCLE, might explain a slower visual recovery compared to LASIK [13], caused by postsurgical
irregularities, only later equilibrated by changes in the epithelium layer. In conclusion, the
present case demonstrated that correction of myopic error after PRK can be accomplished by
CLEAR; it is uncertain whether in corneas lacking the Bowman’s membrane, an irregular
stromal surface may result, not affecting the visual result in virtue of epithelial remodeling.

Statement of Ethics

The subject has given a written informed consent to publish the case (including images).
The study has been granted an exemption from requiring ethics approval by the Institutional

Fig. 2. Same eye as in Fig. 1. Top: pre-
operative AS-OCT horizontal corneal
section. A regular profile of the anterior
stromal surface, deprived of the Bow-
man’s membrane by previous PRK, is
shown by straight arrows. Bottom:
postoperative AS-OCT horizontal corneal
section. The straight arrows point to the
anterior stromal surface; the curved
arrows indicate the interface resulting
from the lenticule extraction; an asterisk
is within the epithelial layer. Cap thick-
ness is 132 μm. While the lenticule in-
terface shows a more regular profile, the
anterior stromal surface is slightly cor-
rugated; this irregularity is compensated
by epithelial growth, giving the corneal
surface a smooth appearance.
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