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Abstract
Purpose We investigated safety aspects and other patient experiences related to a novel Femtosecond Laser 
Assisted Annular Keratopigmentation technique (FLAAK).

Setting Espace Nouvelle Vision Clinic in Paris.

Methods Monocentric, post-operative, cross-sectional survey of patients who returned to the clinic for a color 
correction after the FLAAK procedure. Whilst waiting for their color retouch, consenting patients completed a 
questionnaire about their experiences following the FLAAK procedure. Aspects related to side-effects or discomfort as 
well as patient satisfaction were assessed.

Results The questionnaire was completed by 42 of 51 patients returning to the clinic for a color retouch (27 females, 
15 males; mean age 37.6 years). Pain was experienced by 34 (81%) patients, dry eyes by 32 (76%) patients, glare by 23 
(56%) patients, red eyes by 28 (67%) patients, and tingling by 30 (71%) patients; no patient experienced visual halos. 
All experienced post-operative symptoms were of a transient nature. Symptoms like pain, tingling, glare and red eyes 
disappear in less than 48 h after surgery in approximately 50% of the cases, and ocular dryness in 22% of cases., The 
median duration of these symptoms in patients for whom the symptoms were still present after 48 h, is 7 days. Patient 
satisfaction with the aesthetical result (scale ranging from 0 to 10) was on average 8,1 (SD 1,6).

Conclusion The FLAAK procedure performed for purely aesthetic purposes appears to be safe and is associated with 
high patient satisfaction.
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Introduction
An increasing number of patients are seeking permanent 
eye color change procedures. Three techniques are cur-
rently available: cosmetic iris implants, laser iris depig-
mentation and Femtosecond Laser Assisted Annular 
Keratopigmentation (FLAAK). Cosmetic implants are 
now known for their serious complications [1]. Laser iris 
depigmentation seems to be a safer technique, but com-
plications were recently reported [2, 3, 4, 5]. FLAAK was 
first described by Aliò et al. for pathological eyes in 2011 
[6], and by Ferrari for cosmetic reasons in 2015 [7].

Corneal tattooing, or keratopigmentation, was first 
mentioned by Galen in the 1st century [8]. Such tech-
niques were principally used for therapeutic purposes, 
in patients with iris defects [6, 9, 10], Corneal scars [11, 
12], leukocoria [13], strabismic diplopia [14], and Urrets-
Zavalia syndrome [15]. Further improvements in sur-
gical techniques as well as the dyes used, have led to an 
increased interest in corneal tattooing for aesthetic pur-
poses in recent years [16].

Little is known however about the safety and effective-
ness in healthy human subjects.

We previously reported on the safety and effective-
ness of a novel esthetic keratopigmentation method in a 
clinical case report [17]. This technique consists first of 
creating an intrastromal annular tunnel with a femtosec-
ond laser, and then the dissection is made with a special 
round spatula followed up by the insertion of a micron-
ized mineral pigment (Biotic Phocéa, Marseille, France).

In order to enable subjects to make informed decisions 
with regard to this procedure, a research program to fur-
ther investigate the safety and effectiveness is in devel-
opment. We report on the results of a survey of patients 
who were treated by this novel technique.

Materials and methods
Cross-sectional survey of patients returning for a color 
retouch following annular keratopigmentation using the 
FLAAK procedure. Patients attending the Espace Nou-
velle Vision Clinic in Paris from 17/04/2019 to 04/11 
2020 were eligible.

The questionnaire contained questions related to 
demographics, experiences with prior aesthetic eye sur-
gery (if applicable), reason(s) for seeking an eye color 
correction, experienced symptoms/discomfort after the 
procedure, and various aspects related to satisfaction 
with treatment outcome. Overall patient satisfaction 
with the results of the procedure was rated on a scale 
from zero to 10. Additionally, the subjects were asked to 
indicate if their general wellbeing had improved since the 
procedure on a 5-point scale ranging from 0 (no amelio-
ration) to 4 (greatly ameliorated).

Paper questionnaires were completed whilst, or the 
day before, patients were attending the clinic in prepa-
ration of their retouch procedure. The questionnaires 
were checked and entered by the clinic assistant. Logi-
cal checks of the data took place and any queries were 
resolved on the basis of further discussion during data-
management. After database lock, the data were analyzed 
descriptively. Continuous data are presented as the mean 
± standard deviation and/or the median as appropriate. 
Categorical data are presented as numbers and percent-
ages of the relevant total. Statistical analysis was per-
formed using Microsoft Excel for Mac (version 14.7.7).

Patient and public involvement
Patients were not involved in the design, or conduct, or 
reporting, or dissemination plans of our research.

Results
Forty-two of 51 eligible patients who attended the clinic 
during the study period, completed the questionnaire. Of 
the remaining 9 patients, one did not consent (no spe-
cific reason given) and the remaining 8 patients were not 
offered the questionnaire due to lack of time and/or other 
logistical reasons. Therefore, the response rate of those 
who were offered the questionnaire was 98%.

The questionnaires were completed on average 13.4 
months (SD 7.8, range 5–38) after the initial FLAAK 
procedure.

Demographic and baseline characteristics of the sam-
ple are presented in Table 1.

A majority of subjects (64%) were female, and had com-
pleted higher professional education (67%). A significant 
minority had previous other types of aesthetic surgery 
(27%). A majority of patients (55%) had previously used 
coloured lenses for a median period of 10 years (range 
1–20) prior to seeking treatment. 29% of patients had 
previously used/tried other methods for changing eye 

Table 1 Demographic, clinical and other relevant characteristics
Characteristics Value*
N respondents 42

Age in years (SD) 37.6 (8.6)

Sex (female / male) 64.3 / 35.7

Country of Residence (France / other EU countries / non-EU 
countries)

42.8 /28.6 
/ 28.6

Educational attainment (up to high school / higher educa-
tion / student)

30.9 / 66.6 
/ 2.5

Employment status (employed / student / other) 80.9 / 4.8 
/ 14.3

Aesthetic surgery prior to Neoris procedure (yes / no) 26.8 / 73.2

Used other methods for changing eye colour (yes / no) 28.5 / 71.5

Colored lenses used prior to Neoris procedure (yes / no) 54.7 / 43.3

Reason(s) for seeking Neoris procedure (feeling better in 
skin / being more attractive / boosting self confidence / 
other)

35.0 / 27.7 
/ 21.1 / 
16.2

* Values are percentages, unless otherwise mentioned
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colour, most commonly this involved laser depigmenta-
tion or color implants. The most common reasons for 
seeking a change of eye colour were related to increasing 
confidence about one’s appearance.

The broad range of nationalities seeking the procedure 
is illustrated in Fig. 1.

Safety related data are depicted in Fig. 2.
Pain, dryness, tingling, redness, and glare were the 

most common symptoms experienced peri- and post-
operatively by patients (Fig. 2).

In 25 of 34 patients (81%) who experienced pain, this 
occurred on the day of and/or after the procedure. The 
median duration of pain in the 9 patients that experi-
enced pain longer, was 6.5 days, including two outlier 
patients that reported experiencing pain for 120 and 270 
days respectively.

In 7 of 32 patients (22%) who experienced eye dryness, 
this occurred on the day of and/or after the procedure. 
The median duration of eye dryness for the patients who 
experienced dryness longer, was 7 days for the patients 
who started the dryness the day of the intervention, and 

Fig. 2 Safety related data

 

Fig. 1 The broad range of nationalities seeking the procedure
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18 days for the patients who started the dryness the day 
after the intervention.

In 17 of 30 patients (57%) who experienced tingling, 
this occurred only on the day of and/or after the proce-
dure. The median duration of tingling for the patients 
who experienced tingling longer, was 6 days. In one 
patient the tingling started the day after the surgery and 
lasted for 60 days.

In 11 of 23 patients (48%) who experienced glare, this 
occurred only on the day of and/or after the procedure. 
The median duration of glare in patients who experi-
enced glare longer, was 7 days.

In 14 of 28 patients (50%) who experienced red eyes, 
this occurred only on the day of and/or after the proce-
dure. The median duration of red eyes in patients who 
experienced red eyes longer, was 7 days.

Patient satisfaction with the aesthetical result (scale 
ranging from 0 to 10) was on average 8,1 (SD 1.6). An 
example of the post- versus pre-operative appearance of 
the eyes of one of the patients is given in Fig. 3 (patient 
consented to publication).

Patients also reported an improvement in wellbeing 
after the procedure of on average 2.8 (SD 1.3) on a scale 
ranging from zero to four. Only two patients reported 
‘no amelioration’ in wellbeing. Under the -conservative- 
assumption that the 4 patients with missing values for 

this variable all experienced ‘no amelioration’, 36 (85%) 
of the patients reported experiencing an improvement in 
wellbeing since the procedure.

Discussion
In this survey we evaluated the safety and satisfaction of 
patients who returned to the clinic for a color retouch 
after FLAAK. We found that the majority of patients 
experienced some symptoms, principally on the day of, 
and after, the surgery. Exceptionally, patients reported 
experiencing pain and tingling for several months after 
surgery. All experienced symptoms resolved completely, 
and no serious adverse events were observed or reported. 
Overall, satisfaction with the results of the procedure was 
high.

This was the first survey of patients from various coun-
tries who had undergone a novel FLAAK corneal tattoo-
ing technique. A strength of this study is the very high 
response rate (98%), effectively ruling out selection bias 
in the study sample.

A weakness of our study is that the sampled retouch 
population may not be fully representative of the approx-
imately 47% of patients that do not return for a retouch 
procedure. Also, the size of the study sample was rela-
tively small. Furthermore, some recall bias cannot be 
ruled out.

Francesco D’Oria et al. [16] assessed patient satisfac-
tion after purely cosmetic keratopigmentation in 40 
patients and reported a satisfactory outcome in 93% of 
cases. The high percentage of satisfied patients was simi-
lar to the findings in our study.

Permanent change of eye color for purely cosmetic rea-
son can be performed by three methods: cosmetic iris 
implants, iris laser depigmentation and by using a femto-
second laser. Iris implants have been associated with seri-
ous complications including, severe vision threatening, 
glaucoma, corneal endothelial cell decompensation and 
uveitis-glaucoma-hyphema syndrome [18–22].

Even though the majority of patients in our study (65%) 
felt that color iris implants were more aesthetic, they still 
chose FLAAK procedure because they considered it safer.

Laser iris depigmentation has been used clinically for 
aesthetic purposes without receiving official approval 
or licensing. The procedure uses a device mounted onto 
a slit-lamp biomicroscope that produces a frequency-
doubled 532-nm wavelength neodymium: yttrium–
aluminum–garnet (Nd:YAG) laser with different spot 
diameters which are focused on the anterior iris stroma. 
Although this technique seems to be safer than the cos-
metic implant, we reported a case of iris perforation 
after excessive laser iris depigmentation. [2] Addition-
ally, a major concern with regard to this technique is 
its lack of effectiveness: on dark pigmented eyes, even 
after more than 10 laser sessions, the result is generally 

Fig. 3 An example of the post- versus pre-operative appearance of the 
eyes of one of the patients (patient consented to publication)
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unnoticeable, except when the subject’s eyes are in direct 
sunlight. As a result, we are performing a lot of kera-
topigmentations on patients who are dissatisfied after 
laser iris depigmentation.

The tolerance of the pigment used in FLAAK is good 
[23]. In some cases changes in the color over time have 
been reported, that were most likely due to some iron-
based components in the pigment. Optimized dyes, 
which are devoid of molecules potentially responsible 
for fading or changes in color, are available on the market 
since 2022 (Neoris, Paris, France).

FLAAK seems to be the safest and most effective pro-
cedure. To date (June 2022) we conducted more than 
800 procedures without any serious complications. In 
the great majority of our patients, the perceived ben-
efits of increasing aesthetic appearance and higher self-
confidence outweighed any experienced side-effects or 
discomfort. Compared to the two other techniques, the 
procedure appears to have a positive risk-benefit ratio in 
the majority of patients.

In this study we focused only on patients undergo-
ing a color retouch, therefore patients not undergoing a 
color retouch were not included. A prospective observa-
tional study that includes both retouch and non-retouch 
patients with an adequate sample size should be consid-
ered as a next step of the research program.

The current study confirms that the majority of 
patients prefer FLAAK surgery because they consider it 
safer and more effective. Hence the need to further and 
systematically review safety aspects. This is an important 
innovation in the field of cornea surgery, which also has 
potential in the treatment of patients with ocular pathol-
ogies [6, 15, 24].
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