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Abstract

Corneal keratopigmentation (KTP) has a long history of use in management of patients suffering from disfiguring corneal
opacities. Due to progresses and modifications in KTP surgical techniques and its low rate of complications, it is taken into
consideration to be used in selected groups of patients for therapeutic or functional indications. In this paper we present an
overview on clinical applications of KTP in both cosmetic and functional aspects and also, we discuss the outcomes of KTP
and its characteristics in experimental and histopathological studies.

Introduction

Keratopigmentation (KTP) better known as corneal tattoo-
ing has been used for cosmetic management of corneal
opacities for centuries [1, 2].

Different methods have been proposed and modified over
the years. The history of corneal tattoos dates back to 2000
years when Galen, a Greek physician, mentioned this method
for the first time [3—5]. The same technique was later described
by Aetius in 450 AD that was done in an attempt to mask
leukomatous opacities of the eye [6]. Both physicians would
first cauterise the corneal surface with a heated stilt and after
the cauterisation, the dye was applied to the eye using a variety
of pigments such as powdered nutgalls, iron or copper sul-
phate [6, 7]. Following Galen’s reference to corneal tattooing
in the 2nd century, the technique was not mentioned until
1869, when an oculoplastic surgeon Louis Von Wecker
invented a new method. After anaesthesia with cocaine and
putting a thick layer of Indian ink solution over the cornea, he
would then insert pigment into the corneal tissue by punctur-
ing the cornea via a grooved needle. This method had influ-
enced corneal tattooing methods since then. Taylor in his new
method, used bundle of needles instead of a single needle to
tattoo the eye [8]. In 1901, Nieden devised a tattooing needle,
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based on the idea of a fountain pen, in a method similar to the
Edison electric pen [7, 9]. Armaignac used a small funnel fixed
to the cornea by small three points. He placed China ink into
the instrument and tattoo was done using a needle. This
method created a perfectly round pupil [6, 7].

KTP has also been demonstrated as a therapeutic option
in patients with symptomatic glare associated with iris loss,
atrophy or trauma [10-15] and in subjects with aniridia or
iris coloboma to decrease light scattering and photophobia
[12, 16—18] and also in the treatment of intractable diplopia
[14-19], showing that this technique may not only can be
used to improve the cosmetic appearance of blind eyes with
leukomas but also it can be performed in sighted eyes for
functional problems [20]. More recently it has been used in
cases of limbal dermoids [21].

In spite of the advances made in ocular surface recon-
structive procedures and the availability of cosmetic contact
lenses, KTP could be used as an alternative option in patients
with severe cosmetic defects who are intolerant to contact
lenses and at high risk for penetrating keratoplasty [18].

Today, various KTP techniques exist. Usually dyes are
applied to the anterior stroma following epithelial debride-
ment or frans-epithelial needle puncture (superficial tech-
nique). However, several complications including pigment
non-homogeneity, colour fading, intraoperative corneal
perforation and uveitis occur frequently after the procedure
[1, 3, 22]. In addition, the repeated manipulation is painful
and there is the risk of recurrent corneal erosions [23, 24].

In a newer method, the dye is applied directly into the
stroma (intrastromal technique), with more desirable results
in terms of colour distribution and stability; however, it has
the risk of uneven tissue dissection or secondary corneal
perforation [23, 25, 26].
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Fig. 1 Illustrations of different methods of keratopigmentations (KTP). a Manual intralamellar KTP to create a corneal pocket. b Creation of
corneal flap using femtosecond laser in a lamellar plane. ¢ Superficial automated KTP using automatic micro-puncturing device.

Femtosecond laser-assisted keratopigmentation (FLAK)
is a novel technique that has been recently introduced for
performing KTP to restore cosmetic and functional pro-
blems [27]. The procedure provides uniform lamellar depth
and a smoother stromal bed [28-30]. Femtosecond laser
could be applied for lamellar dissection with reduced risk of
perforation, in patients with corneal opacity [23].

In this review, we gathered the diverse data with atten-
tion being focused on clinical applications of KTP in both
cosmetic and therapeutic aspects and also we discussed its
outcomes and characteristics in experimental and histo-
pathological studies. In this paper we followed the
description and classification of KTP techniques that Alio
et al. made in their previous works. Order and contents of
the present review, the division of the different techniques,
the acronyms and abbreviations and the descriptions are
mainly corresponding to their publication [31].

We conducted a wide search on databases including
PubMed, Scopus and Google scholar by using specific
keywords of corneal tattooing and KTP. Full-text articles of
cohort studies, case series and case reports published in
English language before February 2019 were selected to be
reviewed.

Pigments

During the history of KTP, different pigments have been
used, which nowadays, their indications are limited. Some
of these pigments have been tested in different immuno-
logical and histopathological experiments with acceptable
results. Different chemical substances, such as Indian ink,
organic colours, Chinese ink, animal uveal pigment, pla-
tinum chloride [32], and even soot have been used
[3, 9, 32-35]. Pigments, which can provide good cosmetic
appearance, have less reactions and do not fade cosmeti-
cally are acceptable. CE mark (Conformité Européene)
pigments are made up of a variety of materials, such as
lactic acid, propanediol and other micronized minerals.
These pigments have various colours, such as black,
green and brown (Biochromaeyes, Blue Green Company,
Spain) [36].
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KTP methods

Studies have been reported various techniques of KTP
including superficial (superficial manual and superficial
automated KTP) and intrastromal (manual intralamellar
KTP and FLAK) methods [31] (Fig. 1).

Manual intralamellar KTP (MIK)

The most common technique for corneal tattoo has been
done by MIK. This technique has been termed as intras-
tromal corneal tattoo pocket procedure because in this
procedure a pigment is inserted into the anterior corneal
stroma through intrastromal corneal pocket [37].

As aforementioned earlier, many patients undergoing
KTP for functional or therapeutic purposes have visual
dysfunctions and do not have cosmetic indications for
KTP. Several studies have reported using a surgical
marking pen in order to ensure amelioration of visual
symptoms before proceeding with KTP. By applying a
temporary mark to the area over a peripheral iridotomy, it
will give this chance to the patient to determine whether
cosmetic appearance is acceptable after applying KTP
procedure [38].

After creating a corneal pocket in the depth of 40-50%
of corneal thickness, a radial incision is performed with a
calibrated diamond knife, and then the cornea is dissected
intralamellary and circumferentially at the same depth until
the full depth of the blade is reached. Finally, the pigment
will be injected with a 27-gauge needle into the dissected
corneal tunnel. In this technique the number of incisions
and size of dissection are based on the area of iris defect.

Advantages of this technique are being a safe, rapid and
well-tolerated intervention, leaving an intact corneal surface
and low rate of complications [37].

Superficial manual KTP (SMK)

This method was the pioneer of KTP techniques and had
been applied before development of automated KTP
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devices. A 25-gauge needle for injecting pigments is used
by puncturing the area of cornea repeatedly. Today, SMK is
scarcely performed because of the introduction of the
automated KTP devices. However, SMK can still be used in
cases with small defects need to be obscured [39].

Superficial automated KTP (SAK)

SAK is an automatic micro puncturing of most anterior
layers of the corneal stroma to an approximate depth of
120 um from corneal surface. This technique is done by
the Vissum Eye MP system device (Blue Green Medical,
Madrid, Spain). By repeating the micro puncturing, the
volume of pigments reaches to an acceptable amount for
cosmetic appearance [14, 36, 39]. Usually, when the
intralamellar KTP is not sufficient to provide adequate
cosmetic appearance, superficial KTP can be applied. For
both SMK and SAK procedures, ocular topical anaesthetic
is used before and during surgery. If the pigmentation
is extensive, peribulbar anaesthetic can be used over that
area [14].

Femtosecond laser-assisted KTP (FAK)

The use of femtosecond laser in KTP is a novel technique
for KTP. The first step prior to FAK is to measure the
thickness of cornea to determine the appropriate lamellar
depth for femtosecond laser tunnel [13, 15]. The types of
FAK technique are single tunnel and double tunnel. In
single-tunnel technique, femtosecond laser is applied to
make a circular tunnel in cornea. However, the depth of the
tunnel should not be <250 um. Following the opening of the
tunnel, the pigments will be injected by a flat cannula. In
double-tunnel technique, two intrastromal tunnels are cre-
ated by femtosecond laser [36]. One of these tunnels should
be in greater depth than the other one. Then, a lamellar
dissector is used for dissecting the intrastromal tunnels from
incisions and to widen the tunnel to reach to the limbal area.
Then, dark pigment will be injected into the deeper tunnel
[15]. After that, light pigment is injected by automatic micro
puncture through the superficial tunnel. Double-technique
FAK is often performed for light colour eyes. Dark pigment
plays the role of pigmentary epithelium of the iris, which
prevents light from entering the eye and alleviate dyspho-
topsia. The aim of this technique is to improve both visual
symptoms and cosmetic appearance of the eye. FAK tech-
nique gives this chance to tattoo different areas of cornea.
FAK is more accurate, quicker, safer, easier to do, with less
postoperative complications and recovery time in compar-
ison with manual intralamellar and superficial corneal tat-
tooing [15].

Cosmetic KTP

Disfiguring corneal opacity and disproportion in the
appearance of the eyes are considered as issues that may
directly affect personal quality of life and self-confidence of
patients. Thus, nowadays several corneal tattooing methods
have been used to permanently repair the aesthetic defects
of colour changes in the eye for patients (Fig. 2). In addi-
tion, some cases are referred and ask for corneal tattooing
for purely cosmetic purposes to enhance or change their
natural eye colour [39].

KTP indications for cosmetic purposes consist of a
variable defects, such as total or partial corneal leukomas,
that take place in infection, trauma, opacification of the
donor-recipient borders in eyes with previous keratoplasty,
Chronic corneal oedema that may happen after several
unsuccessful keratoplasties, congenital glaucoma or Fuchs
dystrophy, phthisis bulbi, sclerocornea, eyes with no sight
with paralytic mydriasis or no pupil with the iris pulled
backward because of trauma. Moreover, some subjects may
do it for purely cosmetic reasons as they tended to change or
enhance their eye colour appearances [36, 39, 40].

SAK, FAK, MIK, SMK, small-incision lenticule extrac-
tion, intralamellar corneal staining, superficial corneal
staining, multiple non-continuous trans-epithelial puncture
technique, flap-based tattooing techniques and femtosecond-
assisted anterior lamellar corneal tattoo have been reported
in different studies for performing KTP [25, 39, 41, 42]
(Table 1).

Complications of such procedures are commonly clas-
sified by the time of the occurrence to intraoperative and
postoperative events. Intraoperative complications mainly
include perforation, corneal melting, corneal infections,
epithelial erosions, dye leakage into the conjunctival space
or anterior chamber and any surgical malpractices (technical
mistakes). Whereas, late-onset complications are consisting
of light sensitivity, inconsistent dyeing of the opacity, fad-
ing of pigments, uveitis, corneal oedema, conjunctivitis,
epithelial defects and any visual field limitations. In a
comprehensive study, conducted by Alio et al., to evaluate
the complications of 234 eyes of 204 patients who under-
went for KTP with different techniques via three pigments
generation, they showed that 12.82% of all cases were faced

Fig. 2 Keratopigmentation for cosmetic purpose in a visual lost eye
with a history of a failed penetrating keratoplasty and total graft
opacity.
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complications. The most common complication was com-
plaining of light sensitivity (49%) and the least frequent
complications were visual field limitation (4%) and mag-
netic resonance imaging (MRI) alterations (2%) [36].

Functional KTP

KTP has been used recently for improving functional visual
symptoms and is limited to a few studies in comparison
with cosmetic purposes (Table 2).

Patients undergoing KTP for therapeutic reasons usually
complain of photophobia, diplopia, glare and halos, which
are usually secondary to iris defects, aniridia, iridodialysis
and iris atrophies after trauma or anterior segment
surgery, such as peripheral iridotomies, and even congenital
defects, such as albinism or essential iris atrophies
[14, 22, 37, 43, 44]. Based on observations, patients who
underwent corneal tattooing were intolerant or unwilling to
accept other alternative therapeutic options, such as cosmetic
contact lens, iris suturing or implantation of an artificial
iris [14].

KTP satisfaction and complications

The complications of KTP are basically classified into
organic and functional complications. The toxicity of the
pigments and their durability has been one of the main
concerns.

Visual field limitation, light sensitivity and MRI altera-
tions are considered as functional complications. Change in
colour, colour fading and neovascularization are described
as organic complications. Potential risks of KTP include
corneal perforation (Fig. 3), toxic reaction to pigment,
microbial infection and undesirable migration of pigment
[36, 38]. Based on previous studies, organic complications
usually occur with first- and second-generation pigments.
KTP with third-generation pigments is more effective in
ameliorating visual symptoms and improving cosmetic
appearance. KTP outcomes can be influenced by depth of
injection and composition of pigments. Current investiga-
tions indicate that deep corneal tunnels have better out-
comes than superficial ones. Washing eyes after KTP is
reported to decrease the risk of light sensitivity [36].

There are controversial ideas about MRI after KTP.
Several studies suggest that heavy metals, such as iron,
found in tattoos may cause alteration of local magnetic field
and distort the image of the globe. Also, some patients
reported that they complained pain when they underwent
MRI in less than 3 months after KTP [14, 36, 37]. However,
another study did not report serious soft tissue reactions or
adverse events during MRI [45].

Table 2 Functional KTP.

Outcomes and FUT

Type of pigment material

Method of KTP

Number of eyes

Authors

No.

Postoperative complications: 1 patient with pain while undergoing
MRI in FU < 3 months and 12 eyes with organic complications in

First GP, second GP and third
generation CE mark pigments

9 functionally disabled eyes out of entire 136 eyes (6 SMK, SAK

Al-shymali et al.

1

eyes with aniridia, 2 eyes with albinism, 1 eye with

iris cyst)

[39]

FU >3 months (2-neovascularization, 6-colour fading and 7-change

in colour in 2.4-14 years FU

Immediate postoperative relief in all symptoms of patients

An alcohol-based commercially
available black tattoo pigment

MIK

5 eyes with post-LPI dysphotopsias

Tone et al. [38]

2

Total elimination of symptoms, and no significant complications in

FAK Black and brown tattoo pigments
6-8 months FU

2 eyes with post PI symptoms

Ricardo et al.

[22]
Alio et al. [15]

No postoperative complications in 12 months FU

Mineral micronized black pigment

Double-intrastromal tunnel FAK

A case with unilateral Urrets-Zavalia syndrome

No major complications but postoperatively, all patients complained
of mild irritation and/or photophobia, lasting from 2 days to 2 weeks

Intrastromal lamellar pocket technique Commercially available black

5 eyes with post PI symptoms

Segal et al. [37]

5

pigment

No intraoperative or postoperative complications 12 months FU

Mineral micronized pigment

FAK

A case of essential iris atrophy

Alio et al. [13]

No major complications in any patients in 3—12 months FU

Mineral micronized pigments

MIK (8 patients), MIK + SAK (2

patients), FAK (1 patient)

11 eyes with iris defects

Alio et al. [14]

No complications in 12 months FU

Intrastromal lamellar pocket technique Black sterile marking ink

Complicated PI

Gupta et al. [43]

No complications in 20 months FU

Hydrazine hydrate solution

Corneal stromal pocket anterior to PI

Post PI symptoms

Islam et al. [44]

9

FUT follow-up time, GP generations of pigments, MIK manual intralamellar keratopigmentation, SAK superficial automated keratopigmentation, SMK superficial manual keratopigmentation,

FAK femtosecond-assisted keratopigmentation, PI peripheral iridotomy

SPRINGER NATURE
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Fig. 3 A previously silicone oil filled eye with corneal perforation after
a recent femtosecond laser-assisted keratopigmentation.

One of the rare complications after KTP is granuloma-
tous keratitis, which has been reported to be induced by
multiple stromal puncture techniques. Stromal infiltration
and granulomatous reaction around the pigment in absence
of viral, fungal and bacterial pathogens suggest granulo-
matous keratitis [46].

Experimental studies

In 2011, Sirerol et al. conducted an experimental animal
study on the two groups of hens to investigate the toler-
ance, biocompatibility and cosmetic outcomes of a new
mineral micronized pigment in corneal tattooing. The
central intralamellar KTP was performed by a new pig-
ment formulation (iron oxide, ferric oxide yellow and
pigment blue). All hens were regularly examined by a slit
lamp to detect any sign of postoperative adverse effects,
such as corneal inflammation, pigment diffusion, colour
changes and any sign of neovascularization within
1 month (group A) and 3 months (group B), which
resulted in acceptable cosmetic appearance without cor-
neal complications during the follow-up period [18]. In
another study with the same materials and method which
was conducted on 28 eyes of 14 white rabbits by Amesty
et al., favourable outcomes were achieved and the corneas
showed a good appearance cosmetically [47].

Moreover, Alsmman Hassan and Abd Soliman Elhaliem
have investigated the safety and effectiveness of corneal
tattooing by Rotring China painting ink in their experi-
mental animal study. Ten corneas of ten male rabbits were
successfully stained by the foregoing pigment and animals
were kept for duration of 6 months follow-up. During this
period, there were no sign of corneal ulceration or intrao-
cular inflammation and no significant complication has been
reported. In addition, lately the animals were enucleated for
further histological evaluation, which resulted in no findings
in favour of abnormal dispersion of stain inside the cornea

SPRINGER NATURE

or infiltration of inflammatory cells through the tissue [48].
Rodriguez et al. conducted an experimental study to assess
the tolerance and outcomes of micronized mineral pigments
by using SAK technique for the first time. In this regard, 40
eyes of 40 rabbits were divided into two groups of iris-
simulated tattooed with different colours and pupil-
simulated black tattooed and eventually, all eyes were
enucleated after 6 months of follow-up in order to investi-
gate the histological outcomes of this procedure including
possible pigment dispersion, inflammation or neovascular-
ization. The results of slit-lamp examination in 2, 4 and
6 months’ follow-ups were unremarkable. Only a mild-to-
moderate conjunctival injection and transitory corneal epi-
thelial defects were detected in 13 and 27 eyes at the first
week of surgery, respectively. In addition, good aesthetic
appearance was achieved for all eyes after SAK procedure
and no sign of defect and abnormality was detected in
corneal histopathological study [27].

Histopathological studies

In Amesty et al. study, histopathological examination
revealed no evidence of pigment effusion or colour change,
stromal inflammation and neovascularization in treated
corneas coloured with micronized mineral pigments [20].

To evaluate long-term ultrastructural changes in non-
metallic corneal tattooing, Sekundo et al. examined two
tattooed eyes that were obtained by penetrating kerato-
plasty. On transmission electron microscopy there were no
granules in extracellular matrix. They concluded that par-
ticles of non-metallic dyes can actively be ingested and
retained within the cell membrane of keratocytes for a very
long time [16].

In 1987, Fujita et al. injected India ink particles and
polystyrene latex beads into the corneal stroma of rabbits.
They demonstrated that rabbit corneal fibroblasts can
endocytosis the particles within a period of 3—4 days after
injection; besides, all those particles were stored unchanged
for 6 months [49].

In Takahashi et al.'s study, Indian ink particles were
found both intracellular and extracellular in the corneas of
three Japanese patients who received KTP 12, 20 and 34
years earlier [50]. To compare metallic tattoo with non-
metallic tattoo, ultrastructural studies demonstrated intra-
cellular granules in keratocytes in non-metallic tattoo and
intracellular and extracellular granules in the metallic one
using platinum chloride [16, 51].

In conclusion, with all the evidence raised and the clin-
ical studies published it is clear that KTP offers today an
excellent option for the corneal surgeon that provides
acceptable functional and cosmetic outcomes in disabled
corneas, irregular pupils or traumatic iris injuries, which can
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be performed with different procedures. With great advan-
ces in KTP technology and recent micro-granulated mineral
pigments which donate better results, it seems needing to be
popularised and pervasive.
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