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Abstract

Keratoconus is a bilateral, asymmetrical, non-inflammatory, 
and progressive thinning disease of the cornea. The etiology 
and pathogenesis of the disease are not known exactly. 
However, significant advances have been achieved in the 
treatment of keratoconus in the recent years. In the past, 
penetrating keratoplasty was the only treatment option in 
advanced keratoconus. Nowadays, therapeutic advances for 
keratoconus have been provided various treatment options 
in different stages of the disease and opportunity to stop 
the progression of the disease, to rehabilitate vision, or to 
achieve both. This review analyzes the current methods 
in the treatment of keratoconus, such as new contact lens 
designs, corneal collagen cross-linking, intracorneal rings, 
deep anterior lamellar keratoplasty, conductive keratoplasty, 
intraocular refractive lenses, photorefractive keratectomy, 
and combinations of these.

Keywords: Keratoconus, Contact lenses, Collagen cross-
linking, Intracorneal rings, Lameller keratoplasty.

Introduction

Keratoconus (KC) is a bilateral, asymmetrical, non-inflam-
matory, progressive thinning disease of the cornea and leads 
to corneal protrusion, progressive irregular astigmatism, cor-
neal fibrosis and visual deterioration. Generally KC begins 
during puberty, progresses with variable amounts and stabi-
lized in third or fourth decade of life (1).  

Generally, the first symptom is progressive decrease of vi-
sion, despite the use of glasses or contact lenses. Computer-
ized corneal topography provide detailed mapping of the cor-
nea and these devices are quite beneficial in early diagnosis 
and monitoring of KC. 
Although, nu merous studies have investigated the changes 
in KC, the etiology and pathogenesis of the disease are not 
known exactly. It is considered that KC is likely to be a multi-
factorial, multigenic disorder and environmental factors prob-
ably play an important role in the development of the disease.

The aims of management of KC are to halt progression of 
the disease, improve refractive error and aberrations, and cor-
rect ectasia. In early stages of KC, the refractive error can be 
managed by spectacle and soft contact lenses. As the disease 
progresses, further treatments could be necessary.

In the past, penetrating keratoplasty (PK) was the only treat-
ment option in patients with poor visual acuity with contact 
lenses or contact lens intolerance and advanced KC with cor-
neal opacities. Nowadays, therapeutic advances for KC have 
been provided various treatment options in different stages of 
the disease. 
This review analyzes the current methods in the treatment 
of KC, such as new contact lens designs, corneal collagen 
cross-linking (CXL), intracorneal ring segment (ICRS), deep 
anterior lamellar keratoplasty (DALK), conductive kerato-
plasty (CK), intraocular refractive lenses, photorefractive 
keratectomy (PRK), and combinations of these.

Özet

Keratokonus, korneanın bilateral, asimetrik, enflamatuar 
olmayan ve ilerleyici incelme ile seyreden bir hastalığıdır. 
Hastalığın etyolojisi ve patogenezi tam olarak bilinmemek-
tedir. Ancak, son yıllarda keratokonus tedavisinde önemli 
gelişmeler elde edilmiştir. Geçmişte, ilerlemiş keratokonus-
ta penetran keratoplasti tek tedavi seçeneği idi. Günümüzde, 
keratokonus için tedavi edici gelişmeler hastalığın farklı 
aşamalarında çeşitli tedavi seçenekleri sağlamaktadır ve 
hastalığın ilerlemesini durdurmak, vizyon rehabilitasyonu 
veya her ikisini birden elde etme fırsatı vermektedir. Bu der-
leme, keratokonus tedavisinde yeni kontakt lens modelleri, 
korneal kollajen çapraz bağ, kornea içi halkalar, derin ön 
lameller keratoplasti, konduktiv keratoplasti, göz içi refraktif 
lensler, fotorefraktif keratektomi ve bu yöntemlerin kombi-
nasyonu gibi güncel yöntemleri analiz etmektedir.

Anahtar Kelimeler: Keratokonus, Kontakt lensler, Kolla-
jen kross-linking, Kornea içi halkalar, Lameller keratoplasti.
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Contact Lenses: Nowadays many contact lens options are 
available for the treatment of KC. In early stages, soft or soft 
toric contact lenses may be sufficient for providing clear vi-
sion. The soft contact lenses may have advantageous, e.g. bet-
ter comfort, longer contact lens wearing time, lower compli-
cations rate and lower cost (2, 3). As the disease progresses, 
special contact lenses are required to provide better vision.

Rigid gas permeable (RGP) contact lenses are the most com-
monly used treatment method for KC that they provide per-
fect vision by creating a regular optical surface (4). However, 
RGP lenses are frequently difficult to apply and uncomfort-
able which can cause to contact lens intolerance (5, 6). 

Rose K lens (Menicon Co. , Ltd, Nagoya, Japan) with multi-
ple curves has shown excellent visual rehabilitation and better 
comfort than other RGP designs (6, 7). When the cone is a 
central nipple cone, a Rose K lens can be selected (8). The 
success rate of Rose K contact lens in KC was reported to be 
more than 90% (6-10).

Intralimbal lenses can be used for large cones or oval cones. 
The large diameter of these lenses helps in improving the lens 
centration and also reduces the movements of the lens, but 
patients may find it difficult to handle lenses of large diame-
ters (11).

Piggyback contact lens (PBCL) systems which is another 
option, involves fitting a soft lens underneath a RGP lens. 
The indications are lens stabilization and comfort, improving 
comfort, and adding protection to the cone. Though PBCL 
can improve vision and comfort, the disadvantages include 
lens displacement and loss, giant papillary conjunctivitis, the 
difficulty in the care regimen of handling and maintaining two 
lenses and low oxygen transmission that can cause hypoxia 
and corneal vascularization (2, 12).

The new design hybrid lenses have a rigid lens in the centre 
and a soft skirt in the periphery. The indications are RGP in-
tolerance, poor lens centering and reduced wearing time with 
the RGP (2, 13). These lenses can be used for any stages of 
KC. The complications are giant papillary conjunctivitis, hy-
poxia related changes such as vascularisation and central cor-
neal clouding, infection and discomfort (13, 14).

Scleral lenses can be used for very advanced cases with large, 
decentered cones, or all other contact lenses fail to improve 
the vision (15). Advantages of scleral lenses include the abil-
ity to completely clear the corneal surface, provide good cen-
tration, and stabilize visual acuity. Disadvantages are worse 
tear exchange and increased difficulty with respect to applica-
tion and removal (2).

As shown there are many different kinds of contact lenses for 
patients with KC, it is important to select the most suitable 
lens for an individual patient.

Corneal collagen crosslinking: In the recent years, CXL has 
been commonly used as a treatment option for patients with 
progressive KC. The goals of the CXL procedure are to in-
crease the mechanical and biomechanical stability of the cor-
nea, halt or slow the progression of the disease, and avoid or 
delay keratoplasty. In 1997, Spoerl et al. first tested the effects 
of combination of riboflavin (vitamin B2), and ultraviolet A 
(UVA) (370 nm) on cornea and reported an increase in cor-
neal rigidity (16). This was followed by the Wollensak et al. 
and they reported that KC stopped progressing in all eyes, and 
in 70% of the eyes a regression in keratometric and refrac-
tive values had been observed in 22 progressing KC patients 
(17). Together with this study, Wollensak et al. described the 
standard CXL treatment protocol, include 30 minutes UVA 
illumination of 3 mW/cm2 irradiance with 370 nm light to 
the cornea was performed after 30 minutes riboflavin instil-
lation of the cornea (17). Previus studies reported safety and 
efficacy of CXL (18-20). Caporossi et al. examined the effect 
of CXL on 44 progressive KC eyes and they reported that 
all eyes treated showed KC stability; 65% of the fellow eyes 
showed a mean progression of 1.5 diopters in corneal pow-
er during the first 24 months of follow-up (18). Goldich et 
al. analyzed three-year results after CXL and reported stable 
visual acuity, stable corneal thickness, and stable corneal bio-
mechanical parameters during this time (20).

Schumacher et al. described accelerated CXL which is short-
en the duration of the procedure (21). In this procedure, a 
higher-intensity light used for a shorter period of time; an ir-
radiance of 10 mW/cm 2 for a duration of 9 min was shown to 
have similar rigidity results. Numerous comparative studies 
reported equivalence of the conventional and the accelerated 
CXL method in efficacy and safety (21-23).

Nowadays, studies about CXL is still continues. Indications 
are evolving, and different protocols are being developed and 
tested.

Intracorneal ring segments: Intracorneal ring segments 
(ICRS) are made of inert material such as polymethyl methac-
rylate and acrylic polymers. They are inserted into the corneal 
stroma using channels created mechanically or by femtosec-
ond laser. With the result that corneal arc length is shortened 
and the central cornea is flattened, thus, irregulations of the 
cornea improves, refractive error and the mean keratometry 
are reduced and visual acuity is improved (24-29).
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The eligibility criteria for the ICRS include clear central 
cornea without scaring, minimum 350 µm corneal thickness 
at the thinnest point, maximum keratometry value is under 60 
diopters (D), and refractive error is under -6 D (24, 28). ICRS 
implantation provides significantly better results in patients 
with a severe form of the disease and a notable loss of visual 
acuity can be expected in patients with a milder form of KC 
(29). Major complications include infection, corneal haze, 
erosion, melting, corneal perforation, neovascularization, and 
loss of visual acuity (24-27).
The ICRS surgery is a minimally invasive and reliable method, 
but the duration of the effects of ICRS is still unknown.

Penetrating keratoplasty: The indication criteria for kerato-
plasty in KC patients are contact lens intolerance or inability 
to wear contact lenses, poor visual acuity with contact lenses, 
and corneal scar. For quite a few years, PK has been used 
for visual rehabilitation in KC and KC is amongst the best 
indications for doing a PK with long-term graft survival rates 
(30-32). Thus, PK is still important for the treatment of KC.

Deep anterior lamellar keratoplasty: In the recent years, 
DALK has emerged as an alternative to PK for KC. In this 
procedure, up to the Descemet’s membrane (DM) are re-
moved, host endothelium is preserved. This can be performed 
either by manual dissection or by a “big bubble” technique, 
which uses an air bubble to dissect the plane between corne-
al stroma and the DM (33, 34). Intraoperative online optical 
coherence tomography can use for visualisation of injection 
needle placement and with assessment of bare Descemet’s 
membrane as well as interface fluid during the DALK surgery 
(35).

DALK has the advantages of essentially being an extraoc-
ular procedure and retaining the host endothelium, thereby 
obviating the risk of endothelial graft rejection and probably 
improving graft survival. Disadvantages are difficulty of the 
surgical technique, prolonged operation time, complications 
in the graft-host surface, high-order and tilt aberration, and 
more postoperative myopia than PK (33-40). 

Complications are intraoperative DM perforation, which may 
necessitate conversion to PK, postoperative DM detachment, 
and interface haze (38). DALK is equivalent to PK in terms 
of refractive error, and more advantageous for preservation of 
endothelial cell density (40). 

In summary, DALK should be attempted as the standard sur-
gery procedure when keratoplasty is required in KC.

Conductive keratoplasty: Conductive keratoplasty is a new 
method to reshape corneal configuration using radiofrequen-
cy energy (41, 42). In this procedure, thermal spots placed on 
the mid-peripheral cornea which increases the curvature of

the central cornea, inducing myopic shift. Usually this pro-
cedure used for the correction of hyperopia or presbyopia. 
Previous studies reported results of CK in patients with KC 
(43, 44). In KC, CK spots are applied selectively to flat axis 
for steepen, thus astigmatism is reduced. Also, CK guided by 
topography (45). Patients with nonprogressive advanced KC 
with a clear visual axis and contact lens intolerance are ideal 
candidates for CK, but the corrective effect is temporary (44).

Intraocular refractive lenses: The aim of intraocular refrac-
tive lenses is to correct the high refractive error in KC. The 
patients should have a clear cornea, stable refraction, suffi-
cient anterior chamber depth, and shouldn’t have anterior seg-
ment pathology except KC and glaucoma (28). Disadvantages 
include the risk of endothelial damage and difficulties with 
intraocular lens power calculations due to low repeatability of 
keratometric measurements (43).

Anterior chamber (angle-supported and iris-supported) and 
posterior chamber localized types are available. Intraocular 
refractive lens surgery results in eyes with KC are very suc-
cessful. Large amounts of spherical error (up to -22.00 D) 
can successfully be corrected, as well as highly significant 
improvement in visual acuity. Cylindrical correction is good 
at lower levels of astigmatism but limited in high degree cy-
lindrical error. Complications include halos and glare in low 
light, endothelial cell loss, cataract formation, dislocation of 
the intraocular lens and pigment dispersion (47-54).

In summary, intraocular refractive lenses provide succesful 
results in the treatment of stable mild KC with low irregu-
lar astigmatism, a clear central cornea and relatively good 
pre-operative spectacle corrected visual acuity.

Photorefractive keratectomy: Recently, there has been an 
interest in PRK for refractive error correction in KC. It is 
thought that, PRK could influence the anterior corneal layers 
and block the pathological process, stimulating regenerative 
processes and preventing progression of KC (55). 

Chelala et al. reported good outcomes of PRK in KC eyes, 
with excellent uncorrected visual acuity and predictable re-
fractive outcome in a majority of eyes (56).

However, close follow-up of patients is needed to detect any 
progression of the disease.

 Combined procedures: Each of these procedures has advan-
tages and disadvantages, no one treatment offering the perfect 
solution for the correction of vision. Thus, the combinations 
of methods may be beneficial.

In the recent times, maximum interest seems to be focused 
on CXL with one or two of other procedures. Same day CXL 
with topography guided PRK has been found to be superior to
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other procedures for visual rehabilitation. With this combined 
procedure, patients with KC can improve visual and refractive 
outcomes in addition to the prevention of the disease progres-
sion (57).

It is reported that PRK after ICRS implantation and CXL is 
an effective and safe option for correcting residual refractive 
error and improving visual acuity in patients with moderate 
KC (58).

The other combined procedures for patients with KC are; 
contact lenses fitting after CXL, contact lenses fitting after 
ICRS implantation, contact lenses fitting after keratoplasty, 
toric intraocular refractive lens implantation after CXL, toric 
intraocular refractive lens surgery after ICRS implantation, 
and ICRS implantations followed by same-day PRK and CXL 
(56, 60-64).

Conclusion

Consequently, many treatment options are available for KC. 
It is important to select the most suitable treatment method/
methods at the right time for a patient with KC.
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