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R E P O R T

The increase in demand for cosmetic change of eye 
color has led to the development of procedures tar-
geting various structures of the anterior segment, in-

cluding intraocular prosthetics, YAG laser iris depigmenta-
tion, and keratopigmentation.1 Femtosecond laser–assisted 
keratopigmentation (FLAK) has been developed as a new 
technique targeting the corneal stroma to obtain a cosmetic 
change of the eye color. This procedure involves the cre-
ation of an intrastromal annular ring that maintains a clear 
central corneal optical zone, followed by an injection of 
pigment into the stromal ring.2,3 Although pigment removal 
has been attempted with balanced salt solution (BSS) irriga-
tion or mechanical scraping, no standardized or published 
method for effective reversal has been described.

We describe a patient who underwent FLAK for cos-
metic reasons and later presented with visual disturbanc-
es such as glare, photophobia, and reduced quality of vi-
sion. We performed a combined femtosecond laser and 

excimer laser procedure to address these problems and 
try to obtain both functional and cosmetic improvement.

CASE REPORT
A 53-year-old man presented to our clinic following a 

cosmetic FLAK procedure. The patient expressed regret 
over the aesthetic outcome and reported corneal and vi-
sual disturbances. Unsuccessful BSS irrigation had previ-
ously been attempted to remove the intrastromal pigment.

The patient had no significant medical history and re-
ported no previous ocular pathology, aside from undergo-
ing YAG laser iris depigmentation. Prior to the FLAK pro-
cedure, he described uncorrected distance visual acuity 
(UDVA) of 20/20 in both eyes and early presbyopia.

During the examination, UDVA was 20/25 in both 
eyes. Corrected distance visual acuity (CDVA) was 
20/20-1 in the right eye with +1.25 diopters (D) and 
20/20-1 in the left eye with +1.00 D. Uncorrected near vi-
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RESULTS: A 53-year-old man presented with bilateral cos-
metic femtosecond laser–assisted keratopigmentation that 
resulted in decreased uncorrected and corrected distance vi-
sual acuity, poor visual quality, and increased corneal aberra-

tions. A femtosecond laser was used to create a corneal flap, 
followed by excimer laser ablation to remove stromal pig-
ment within an 8.5-mm optical zone. This approach resulted 
in restoring corneal transparency with the regularization of 
corneal architecture, reduction in corneal aberrations, and 
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may effectively remove pigment restoring corneal transpar-
ency, reduce corneal aberrations, and improve visual acuity 
by addressing induced refractive error.
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sual acuity (UNVA) measured at 40 cm was 20/32 in both 
eyes. Corrected near visual acuity (CNVA) was 20/20 in 
both eyes with a +1.50 D addition.

A deep intrastromal pigmented ring was noted in 
both eyes (Figure 1). Anterior segment module spectral-
domain optical coherence tomography (Spectralis; Hei-
delberg Engineering) and corneal topography revealed 
pigment located at a depth of 175 µm, with an inner ring 
diameter of 5 mm and an outer ring diameter of 9.5 mm. 
Corneal topography demonstrated multiple irregulari-
ties and increased higher order aberrations (Pentacam 
AXL; Oculus Optikgeräte GmbH) (Figure 2, Table 1).

Due to the pigment’s deep stromal migration, neither 
BSS irrigation nor mechanical scraping effectively re-
moved it. Therefore, a combined femtosecond laser and 

excimer laser approach was planned. A femtosecond la-
ser (WaveLight FS200; Alcon Laboratories, Inc) was used 
to create a 9.6-mm diameter corneal flap with a thickness 
of 130 µm. To avoid the original incision site used for pig-
ment injection, the flap hinge was positioned at 43° in the 
right eye and 140° in the left eye. An excimer laser (Wave-
Light EX500; Alcon Laboratories, Inc) was then used to 
ablate the pigmented stroma. A non-refractive, regular-
depth phototherapeutic keratectomy was performed with 
an ablation zone of 8.9 mm. Stromal ablation depths were 
60 µm in the right eye and 63 µm in the left eye. The pro-
file was designed to produce a uniform stromal removal 
across the central 8.9 mm. Due to the depth, the refractive 
outcome was unpredictable; however, a myopic shift was 
anticipated based on previous studies.4

Figure 1. (A) Preoperative corneal optical 
coherence tomography of the right eye. (B) 
Preoperative slit-lamp photograph of the 
right eye. (C) Preoperative slit-lamp pho-
tograph of the left eye. (D) Postoperative 
slit-lamp photograph of the right eye. (E) 
Postoperative slit-lamp photograph of the 
left eye.
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At the 24-hour follow-up visit, the pigmented stroma 
had been completely removed in the central 8.5-mm op-
tical zone of the right eye. In the left eye, a small residual 
pigmented islet remained within the flap, whereas the 
rest of the central 8.5-mm optical zone was clear. Pig-
mentation persisted outside the ablation zone in both 
eyes, resembling arcus senilis.

At the 4-week follow-up visit, UDVA was 20/20 in both 
eyes (Figure 3). UNVA measured at 40 cm was 20/25. 
CNVA was 20/20 with a +1.75 D addition in both eyes. 
Topographic improvement of the anterior corneal irreg-
ularities was observed (Figure 2), with reduction of cor-

neal aberrations (Table 1). Corneal clarity was restored 
in the central 8.5-mm optical zone (Figure 1). Subjective 
visual quality was notably improved.

DISCUSSION
When treating patients who regret undergoing FLAK, 

different options can be considered. In this case, the 
pigment was introduced at a depth of 175 µm and had 
already migrated into deeper stromal layers, which ex-
plains why the BSS irrigation and mechanical scraping 
proved ineffective. The combined femtosecond laser and 
excimer laser approach was superior because it allowed 

TABLE 1

Corneal Aberrations
Right eye (µm) Left eye (µm)

Parameter Before surgery After surgery Before surgery After surgery
Total RMS 7.631 2.035 7.631 3.749
RMS LOA 7.537 1.954 7.537 3.231
RMS HOA 1.195 0.568 1.195 1.900
Total corneal HOA (4 mm) 0.756 0.226 0.637 0.592
Z4

0 total corneal (6 mm) 0.667 0.164 0.920 0.409
Abbreviations: HOA, higher order aberrations; LOA, lower order aberrations; RMS, root mean square; Z4

0, spherical aberration term of Zernike polynomials.

Figure 2. (A) Preoperative tangential map of 
the right eye. (B) Postoperative tangential 
map of the right eye. (C) Preoperative sag-
ittal map of the right eye. (D) Postoperative 
sagittal map of the right eye.
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for precise lamellar access with a controlled flap, fol-
lowed by a uniform stromal ablation, removing the pig-
ment that remained inaccessible.

Beyond pigment elimination, there was an improve-
ment in subjective visual quality and the reduction in 
corneal higher order aberrations. Glare, photophobia, 
and irregular astigmatism are documented sequelae of 
keratopigmentation, resulting from disruption of corne-
al transparency and induction of optical aberrations. By 
clearing the central 8.5-mm optical zone, this procedure 
addressed the main cause of such disturbances and re-
stored both corneal regularity and transparency.

Refractive outcomes require particular consideration. 
Phototherapeutic keratectomy is known to induce re-
fractive shifts, depending on ablation depth, optical 
zone diameter, and the excimer laser platform used. In 
our case, the ablation profile was designed to be non-
refractive, yet the removal of irregular stromal tissue led 

to the elimination of the hyperopia and improved CDVA. 
The anticipated myopic shift described in the literature 
caused by the external diameter transition zone in this 
excimer laser platform explained these refractive chang-
es. Because it depends on the depth and ablation zone, 
the refractive changes will be unpredictable.

Stability of pigment removal is uncertain, but is un-
likely to cause a migration of pigment from the remain-
ing outer ring to the central clear cornea. Risk of stromal 
haze or scarring remains, similar to other refractive sur-
geries performed at the same depth. Follow-up is essen-
tial to confirm the durability of corneal clarity.

This case report describes a single patient, and there-
fore the generalizability of outcomes is limited. Not all 
patients will present with comparable pigment depth 
or distribution, and results may vary depending on the 
equipment used, surgical planning, and individual cor-
neal biology. Larger case series are needed to establish 
the reproducibility of this technique.

CONCLUSION
Our findings suggest that when BSS irrigation or me-

chanical scraping fail, a combined femtosecond laser 
and excimer laser procedure can provide an effective al-
ternative for pigment removal in cosmetic keratopigmen-
tation. This technique restores corneal transparency, 
reduces optical aberrations, and improves visual acuity, 
offering both functional and cosmetic benefits.
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Figure 3. Standard graphs showing (A) uncorrected distance visual 
acuity (UDVA), (B) change in corrected distance visual acuity (CDVA), 
(C) spherical equivalent attempted versus achieved, (D) spherical 
equivalent accuracy, (E) refracactive astigmatism, and stability of 
spherical equivalent refraction. D, diopters. 


