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Keratoconus (KCN) is a bilateral asymmetric disorder
which selectively affects corneal stroma causing
progressive bulging, thinning, and biomechanical
instability. The typical presentation is astigmatism
with progression trend towards irregularity, high order
aberrations (coma), and visual impairment with
reduced quality of life [1]. Despite being considered
a rare disease, KCN epidemiology appears to be
changing rapidly. Prevalence and incidence data are
variable among different countries and depend on
diagnostic technologies employed, but according to a
recent meta-analysis, the estimated prevalence of
KCN in the world is 1.38/1000 [2]. KCN affects
typically adolescence and progresses until the third or
fourth decade of life so the impact of this disorder is to
be taken into account for the involvement of the
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productive categories of the society; moreover, the
economic burden of KCN represents a significant
public health concern due to the rise in lifetime cost of
affected patients [3, 4].

Many treatments (both medical and surgical) have
been developed in the last years to halt its progression
and improve the outcome, but the management is still
challenging. Many KCN patients need more than one
treatment throughout their lives. The goal of KCN
treatment changes according to the stage of the disease
[5]. In the early stages, the refractive defect can be
corrected with spectacles and contact lenses (CL): a
wide variety of options are available on the market
ranging from soft lenses and soft toric, to piggy-back
and hybrid lenses. New technological advancements
have led to the development of customized,
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aberration-controlling CL, such as customized soft
and scleral lenses [6, 7]. Nevertheless, with the
progression of the disease, the correction with lenses
becomes unsatisfactory or impossible due to the
development of irregular astigmatism, CL intolerance,
and corneal opacity.

In 1997, CXL (corneal crosslinking) was first
introduced to the clinical management of KCN to halt
the progression of the disease in the early stages [8].
CXL produces a stiffening of the cornea by means of a
photochemical reaction that occurs after the stroma is
soaked with riboflavin (B2 vitamin isomer) and then
irradiated with UV A light, to result in a stabilization of
the disease in the early stages [9]. Many procedures to
perform CXL have been developed over time targeting
to optimize its duration and phases in order to improve
the topographic outcomes. The original long-lasting
Dresden protocol has been overcome by accelerated
high fluence protocol to limit phototoxicity [10].
Epithelium off technique seemed to be the most
encouraging method to ensure a deep penetration of
riboflavin into the stroma; on the other hand, this
strategy involves epithelium removal and related
complications. A solution has been proposed with
“epithelium on” techniques, relying on different
strategies to allow B2 vitamin penetration, like new
riboflavin formulations with added corneal enhancing
compounds  (benzalkonium  chloride, sodium
ethylenediaminetetraacetic acid) or iontophoresis-as-
sisted CXL [11-13]. However, clinical trials compar-
ing standard and transepithelial CXL showed better
outcomes with the standard technique, while the
transepithelial approach yield also an increase in
topographic parameters (Kmax) [14, 15]. CXL in
combination with other procedures (CXL PLUS)
allows not only the stabilization of the disease but
also a partial (in most cases) or total refractive
correction to provide patients with better visual acuity:
CXL and Photorefractive Keratectomy (PRK), CXL
and Transepithelial Phototherapeutic Keratectomy
(PTK), CXL and Intrastromal Corneal Ring Segment
(ICRS) implantation, and CXL and phakic Intraocular
Lens Implantation [16]. A 6-year follow-up study on
simultaneous topography-guided PRK and CXL
(SimLC) showed that corneal flattening amounts on
average to 5.9 D with SimLC, while CXL alone (70%
of eyes) flattens by 2.1 D. In addition, authors
demonstrated that SimL.C provided permanent stabil-
ity at the end of follow-up. If on the one hand it is true
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that PRK reduces corneal strength by approximately
5-10%, on the other hand CXL strengthens the cornea
by around 70%; so the synergy of the two procedures
creates a reshaped and also stronger cornea, thus
promising more stability [17].

With the progression of KCN, the astigmatism and
the irregularity of the cornea increase and CXL is not
the indicated treatment because the goal is no longer to
stabilize the cornea, but to regularize it.

Intrastromal corneal ring segments (ICRS) are
surgical inserts made of polymethyl methacrylate
and implanted in the deep stroma. They are able to
reduce corneal distortion by flattening the steep area of
the cornea and reshaping it, to reduce coma and coma-
like aberrations, and to increase CL tolerance and
delay keratoplasty [18, 19].

Intacs (Addition technology Inc.) and Ferrara
(Ferrara Ophthalmics) rings are the most used types
of ICRS for the management of keratoconus [20, 21].
The intrastromal channel for ICRS implantation was
initially sculpted mechanically, but currently FSL-
assisted technique has become the most popular
choice for its effectiveness and precision [22]. Nowa-
days, implantation nomograms, specific indications,
and contraindications for ICRS implantation for each
case are available to maximize the safety and efficacy
of the treatment [19].

Combined therapeutic approach of CXL and ICRS
leads to an increase in biomechanical corneal stiffness
and stability which has proven useful in progressive
keratoconus [23].

As the disease progresses, there are important
changes affecting the corneal architecture and its
transparency and partial or complete substitution of
corneal tissue is needed.

When Descemet-endothelium complex (DEC) is
compromised, a whole corneal transplantation (PKP)
is indicated. When DEC is healthy, the DALK (deep
anterior lamellar keratoplasty) technique is the pre-
ferred surgical option. However, the number of DALK
performed is largely variable between different coun-
tries [24]. Surely one crucial aspect in DALK is that an
optimal visual outcome depends on the absence of
optical interface between deep stromal layers,
obtained by the detection of the ideal cleavage
between deep stroma and Descemet membrane
(DM): Dua’s layer [25]. The big-bubble (BB) tech-
nique was developed to fulfill this need and shows
earlier vision improvement compared to partial
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stromal removal leaving an uneven cleavage plane
[26]. However, the technical difficulty, intra-operatory
complications, such as DM perforation, limit DALK
performance. Furthermore, its reproducibility depends
on the level of experience of the surgeon. The use of
femtosecond laser (FSL) can help standardize DALK
procedure by reducing bias related to manual cuts
[27].

FSL-integrated optical coherence tomography
(1OCT) was recently used for direct visualization and
calibration to perform precise anterior lamellar and
side cuts for the removal of the anterior stroma [28].

FSL-assisted keratoplasty is performed with great
accuracy and efficacy, many cutting patterns have
been developed to increase host-graft apposition (top-
hat, mushroom, zig-zag), minimizing post-operative
astigmatism and improving visual outcome [29, 30].

Moreover, FSL allows the creation of precise cuts
into the corneal stroma to create pockets in which can
be inserted devices to regularize corneal curvature like
ICRS, or corneal stroma lenticules to restore thickness
and mechanical stability by a tissue additive procedure
(additive keratoplasty, AK). AK consists in the
insertion of a corneal lamella, obtained from a human
donor cornea (HDC) or from a lenticule extraction
procedure, within the ectatic area to restore the lost
thickness, and reduce the conic protrusion. This
surgical technique takes advantage of FSL both for
the creation of the lenticule (in HDC) and for the
intrastromal pocket shaping [31, 32]. The initial
results show feasibility, safety, and clear lenticules.
The main advantages of these techniques are their
minimal invasiveness, low risk of immune rejection,
no stitches, shorter surgery duration, and the use of
topical anesthesia. However, stromal allograft rejec-
tion is still possible, so studies on the decellularization
of the lenticules aim to reduce or halt the immune
response without affecting the collagen architecture
[33]. Furthermore, once restored corneal thickness and
biomechanics, excimer refractive treatment is
allowed, thus opening up new chances to improve
visual outcome to KCN patients [19, 34]. CXL can
play a role also in advanced stages which already
underwent lamellar or penetrating keratoplasty, by
improving biomechanical and topographic indices in
recurrent keratoconus (RKC) [35]. Some authors
proposed AK combined with CXL to strengthen
treatment of mild-to-moderate keratoconus [36] or

CXL combined with excimer refractive treatment after
AK to prevent secondary ectasia [19, 34].

Among the emerging techniques for advanced
stages, there are also Bowman layer transplantation
(BLT) and gene therapy [37]. BLT is a mini-invasive
technique that reinforces and flattens the cornea with
secondary more comfortable CL wearing and stabi-
lization of the ectasia slowing down disease progres-
sion and delaying the need for DALK or PKP [38].

Gene therapy is another innovative option to
address KCN. Many studies have shown a genetic
component in the etiology of the disease and genome-
wide analyses have identified mutations and genomic
loci likely to play a role in KCN development.
Biophysical properties of the cornea (immune privi-
lege, transparency, and stability) make this tissue an
appropriate candidate for gene therapy. The basics of
the technique are the same as for other tissues: the
target gene sequence is modified by means of a viral
vector which integrates into the cell DNA. The
modified sequence provides translation of a healthy
and functional protein so that the disease could be
healed [39, 40]. Despite recent advantages in vectors
and in the ability to modulate corneal milieu to
increase gene therapy acceptance, more studies are
still needed.

The aim of the topical collection “New treatments
for KCN” is to draw attention to the various treatments
available, providing the reader with an overview on
the options, their upsides, their limitations, and their
possible future developments.
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