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Abstract

Background: Keratoconus is a degenerative disease entity ctesiized by conical shape ectasia of the cornea.
The progressive conical deformation of the corresd$ to substantial astigmatism. Patients who aena
advanced stage of ectasia are often led to comnaasplant or other treatments, which essentially at
correcting the refractive error and not in treatihg ectasia. Lately, the corneal collagen interfac

Objectives: The purpose of this review is to investigate theapegeters of the disease, namely the pathogenesis,
causes and treatments so far and the analysig ofetlv therapy aimed to treat the disease.

Methods: An advanced search in the literature was carrigdusimg the Pubmed database, Scopus and Google
scholar, from 2009 until today. Keywords and comktions of Keratoconus, cross linking, riboflaviollagen,
corneal topography, UVA were used.

Results: The cuckold in early stages is treated conserbtioy wearing contact lenses, which are designed t
flatten the cornea and hamper further developmenadvanced stages of keratoconus a surgical terdtim
recommended, with corneal transplantation beingntlaén choice. A newer approach to the treatmernhef
disease is corneal collagen interface using rivofland ultraviolet light, aimed to the stabilitpdarigidity of

the cornea. The nurse plays a key role in the rtreat of keratoconus in all stages of treatment. ftaén
nursing interventions include medical history, @uéxamination by the review, psychosocial assessme
preoperative and postoperative care and teachepatient the treatment parameters.

Conclusion: The keratoplasty and collagen interface are thenrapproaches to treatment of extensive disease
of the cornea.

Key words: Keratoconus, cross linking, riboflavin, collageormeal topography, UVA

Introduction affected, but the severity of the attack can priesen

Keratoconus is a disease entity of the optic?gmﬂcant asymmetry (Kanski, 2004). Often in

system, characterized by a conical come Fratoconus a positive family history is present,

ectasia. The ectasia consists in abnormal thinnir‘ril din Some patients the inheritance appears to
51 y an important role, but the character in which

of central and paracentral regions of the corne . o L -
ss well a5 progressve cenal deformatofl® 15235 B Theion s vet o be e Ty
resulting in significant irregular astigmatism. The J

top of the protruding cone that cornananeW of systemic diseases are mainly atopic

configuration may be close to the visual axis O%lseases (atopic dermatitis), endocrine disorders,

. ; own's syndrome, Marfan syndrome and ocular
below and nasal of that. The disease manifes |Sseases ysuch aé vernal cgn'unctivitis retinitis
during adolescence, followed by slow J ’

progressive course, although it is possible t|8igmentosa, congenital amaurosis of Lieber and

stabilize anytime. In 85% of cases both eyes a?gtoplc lens (Leitmam et al, 1987). Bearing hard
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contact lenses and rubbing the eyes have beecular diopter with refractive power of 43 - 48D
proposed as potential predisposing factorsf the 60 - 65D total refractive power of the eye
(Vander and Gault, 1999). (Koo et al, 2011).

It is difficult to estimate the incidence ofEtiology of keratoconus
keratoconus, because the diagnosis is easy.[t
mistake, especially in the early stages (Snell a
Lemp, 2006). The reported frequencies rangi
from 400-600 to 100,000. It seems that there

e cause of keratoconus is unknown. Several
r:Enochemical abnormalities have been reported in
brneas with keratoconus including defective
.'csollagen content, less or modified sulfate keratin
j’ﬁolecules, reduced total protein and increased
Fmount of non hydro protein material, and

known predisposition for race (Gore et al, 201%R cc:’cir\e/)i?;ego r ;gltlsgecv?tlr{t I(; dir;?e a Sgglaltg:/%l?mgf
Roe et al, 2008). inhibitor of matrix metalloproteinase. Various

Eyeand vision studies have shown that the enzyme
bnormalities and the proteinase inhibitor is
ore pronounced in the epithelial layer of the

report female predominance, while other studi
report prevalence of the male sex. There is

The eye is located within the correspondin
orbit, from which it is protected from the top, mea, suggesting that the basic fault in

bottom, back and sides. The wall consists %eratoconus may occurs in the epithelium and
three tunics, the fibrous, the vascular and retina Y P

The forward fibrous sheath is transparent and Lgt(;rnacitnsq Y;’(':tgtet(;]eaéaﬁg I:lfssygf rl?:rk;tr:)gcor;iz
called cornea while the back is opaque and call P '

: . : tients with Keratoconus often admit excessive
the sclera. The cornea is the anterior portion fatle : )
the fibrous tunic. It has round shape, diameté}‘]bbmg of their eyes (Tuft et al, 1994; Haddad et

about 11 mm with transparent tissue and consis"%:lf, 2012).

of five layers (epithelium, Bowman's membran®y keratometry, keratoconus is categorized as
and the anterior aphoristic petal, substance onild (<48 D), moderate (48-54 W) and severe (>
layer, the Descemet membrane or rear aphoriséd D) (Table 1). In mild forms the morphology
petal and endothelium) (Kanski, 2004). of the cone is not specified.

Descriptively, it exhibits two surfaces, the frontClinical keratoconus
which is convex and the back which is concavg
condenser len with power of 42 to 45 diopters
The cornea plays the main role in the refracti

eye system. The thickness of the cornea is not t
same in its entirety. They are thinner in th

arly points The primary symptom for the
atient is the reduction of vision (contralateral)
ue to irregular astigmatism. But as the disease
Fogresses, visual impairment occur on the other

center, about 0.5 mm, while in the regior} ye too. The patient may indicate the need for

increases to aporoximately 0.70 mm. Normall requent changes to correct omatogyalion or a
PP y . ' Nall¥yecreased tolerance to contact lenses’ strength.
the cornea lacks blood vessels. Its feeding

provided by the vessels of the limbus in thllsne ophthalmoscope shows a reflection like a

. .%rop of oil. In Javal optometry characteristic
region of the aqueous humor of the ame”%eakness of congruent mirror images is

chamber, i Wets e posteirsuae of Wbservd, utich s an eaty and obicve
. "ol aracteristic finding of keratoconus (Filippello
surface (Smith, 1984).The cornea, despite
. : . et al, 2012).
having no blood vessels, is nourished from thé
sources mentioned above and normally contaidgnormal astigmatism can also be established by
65% H,0. The anatomical conditions ensuringskiaskopia (irregular reflection), and with the
transparency of the cornea is the absence Bfacibo disk (distortion of the concentric rings of
blood vessels, the parallel arrangement dhe disk projected on the cornea). These tests are
collagen fibrils and lamellae, the absence of théseful for early diagnosis of keratoconus, when
myelin sheath nerve grids and the limited numbéhere is no apparent deformation of the cornea
of corneocytes in the layer. The main functionand the disease is still limited in one eye, when
of the cornea are the light refraction, the lighthe other is free of overt clinical astigmatism.
transmission and the protection of the bulb. Moréhe earliest signs of keratoconus when
important are considered the first two. Theonsidering the slit lamp is thinning the top and
cornea is the major refracting portion of théulging, usually located below the pupil center.
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As keratoconus progresses, the thinning armbdium chloride drops 5% and / or ointment to
ectasia become more pronounced with theromote  apooidimatopoiisi  corn€sSome
development of the peak scarring. This begins jmatients with acute hydrops complain of severe
the anterior layer and is then displayed in thphotophobia and have the benefit from the use of
deeper layers of the mattress. Thin straighibpical steroids. In addition, topical steroids
streaks are visible deep in the mattress, just g#hould be administered to patients with corneal
front of the Descemet's membrane, usually in theeovascularization hints. Once the hydrops are
direction vertical or oblique. It is believed toresolved, the patient can try to continue the use
represent stress lines in the rear layer, known ascontact lenses, if the central cornea has starre
the Vogt lines (Rebenitsch et al, 2011). badly. Otherwise, the only alternative is the

Sequelae pointsin this phase the comea iscorneal transplant (Vander and Gault, 1999).

deformed even longer, the irregular astigmatisid er atoconus and contact lenses

Iosc(jﬂgherTfI]necrecaé)SrﬁSaland;orar‘]?:eltrI]?na:;lilgf,ornr:q)g?[ipolq-he association between the use of contact lenses
resseé the lower e (flid when the gaze "Ynd keratoconus is contradictory. Opportunistic
P y 9 Ridence suggests that the use of contact lenses

downward and imparts a V morphology shap%an lead to the creation of keratoconus,

The slit lamp corneal thinning becomes read”éarticularly in the case of long use of hard

aIQI(E\)P;':roecr:)tr'1usInhae?f:zzi?jericr)]fdeloonsgits aersetaobtllssgr(\a/ %PtaCt lenses. Such patients tend to appear
i P atoconus later in life and have corneal

to be deposited by the tears around the basec?:rvature flatter than typical patients with

mgm%?gﬁeln;?lomgr ?i?]'é?ﬁhum tﬁgdsli?cl’;vr;nar;sﬁeratoconus. Additionally, contact lens-induced
: 9 P S-ones tend to be located more centrally in the

E%?/\r/fnagonv?/hi(r:ﬁpigrsisl’ts O|I1 ttr?s Clrgue(;?r?ragf tho ornea of the most characteristic keratoconus,
' 9 hich is eccentrically localized

cornea (\_/ander and Gaglt, 1999). A seriou ownwardly (Kymes et al, 2008).
complication that occurs in advanced forms o
keratoconus is acute hydrops. Ruptures im the contact lens warpage syndrome, the wear
Deskemeteio membrane allow the aqueous @ contact lens causes uneven staining without
enter the corneal stroma, resulting in a markdtie typical signs of keratoconus in the slit
thickening and clouding of the cornea that i$amp. The interruption of the use of lenses for
usually limited to the cone. The layer suffers naveeks or months eliminates astigmatism and
pronounced thickening with large cracks fillecallows the cornea to recover its normal shape,
liqguid, supernatant epithelial edema anavhile in the induced by contact lenses
blistering. Rarely a syringiodis diode can béeratoconus, the changes are permanent and they
formed, which causes leakage of aqueous hum@® not resolve when the use of contact lenses is
through the full layer of fluid and epithelium ondiscontinued.

the corneal surface. Some contact lens fitters find that the lenses can

The corneal swelling gradually resolves ovebe used to flatten the cornea, and to reverse or at
weeks or months, as the adjacent to the ruptuesast  delay, further progression of
of the membrane Deskemeteio endothelial celkeratoconus. However, the flattening of the
grow and migrate across the lesion, creating nevornea induced by contact lens to patients with
Deskemeteio membrane. In healing, the scarrifkgratoconus are temporary and the cornea returns
tends to flatten the cornea, thereby facilitatingp its original shape, which it had before the
the possibility of contact lenses use. Somapplication of the contact lens, when the use of
corneas with acid hydrops tend to develofhe lens is stopped.

stromgl n(.eovascularlzat_lon,' WhI'Ch increases ﬂ@onventional
potential risk of graft rejection, in the case of
corneal transplant. Acute hydrops is mo
common in patients with Down syndrome an
vernal keratoconjunctivitis, possibly associate

with the recurring injury from eye rubbing Nyast majority of patients with keratoconus are

these patients. Most cases o.f'aC|d hydr.OQ?eated with  rigid gas-permeable contact
automatically are resolved, requiring SUPPOItIVE, - s The application of such lenses in an
care with local hyperosmolar agents such as

soft contact lenses can be
uccessfully used in mild cases of keratoconus
ith little overt astigmatism. Local soft lenses

an also be used in some patients without
xcessive amounts of irregular astigmatism. The
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irregular cornea extensional is difficult. Large
lens designs are available for application to
patients with keratoconus, including varying
diameters of the spherical lenses, spherical
lenses, local lenses and lenses with multiple
curvatures of the rear surface, such as conical
lens Soper. The Soper cone lenses have more
convex central curvature to align with the more
normal peripheral cornea. The computer
topography is used by some contact lens fitters to
assist implementation in these difficult patients
(Caporossi et al, 2010).

Treating keratoconus

Surgical intervention is reserved for patients with
keratoconus in which the contact lens is
unsuccessful or for those who fail to obtain
satisfactory vision with contact lenses. The
atopic patients with keratoconus tend to go for
surgery more often than non-allergic patients
because the allergic disposition tends to interfere
with the tolerance of contact lenses (Snibson,
2010; Kanellopoulos, 2012). The most common
surgical interventions are:

« The transparent
keratoplasty (transplant corneal overall t
hick). It is the most common surgical
technique for patients with
keratoconus. The surgery procedure
requires standard full of cone, often
defined from the dachtylio of Fleisher.
The cone extends near at limbus (usually
downwards) requires large corneal graft.
Usually the graft is centered over the
pupil, but when the cone is eccentric,
eccentric graft is used to surround the
entire cone, while attention must be paid
in allowing the optical zone free of
stitches. Increased graft size that
adjacents to the blood vessels of limbus
reduces " immune privilege " of the
normally avascular cornea, increasing
thereby the risk of immunologic reaction

« The surface (partial thickness)
keratoplasty may be applied to patients
with keratoconus, although the process is
technically difficult and in the hands of

endothelial rejection. Most cases of
partial thickness keratoplasty performed
as tectonic processes for large cones
where the thinning extends to the limbus.
If no satisfactory visual effect is
achieved, a smaller central corneal
transplantation total thickness can be
performed afterwards, within the range
of partial thickness graft, avoiding in this
way an increased risk of immune
rejection is a large total thickness keratic
explants.

Epikeratofakia is a type of partial
thickness keratoplasty, using a frozen
and dried donor cornea, stapled over the
cornea apepithiliopoiimeno receiver. The
purpose of this process is to flatten the
cornea with the hope of improved -
aidedr with glasses - visual acuity and /
or better implement contact lerisAfter

the initial enthusiasm in the late 80s, the
procedure was abandoned by most
surgeons because of complications and
poor visual effects. However, in selected
cases, in which a full thickness corneal
transplantation is contraindicated the
partial thickness procedures, such as
horseshoe-shaped grafts or epikeratofakia
worth considering. Cases like these are
patients with Down syndrome who are
aggressively rubbing their eyes and
generate a full-thickness wound, or in
patients at risk for immune rejection (ie.
failed transplants the other eye).
Thermoplastic is a technique in which
the cornea is heated at 19-22C to
provoke shrinkage of the fiber of the
collagen corneal, which leads to eveling
of the cornea. This procedure has been
abandoned by most clinicians because of
the unexpected results of scarring
generation and the probability of
appearance of erosions of corneal due to
damage at the basic membrane of the
epithelium.

most surgeons achieves a slightly pooreome patients with keratoconus develop over
visual effect than the total thicknessstimulated epoepithiliaki scar on the top of the
procedure. However, a partial thicknes§one as a result of chronic irritation of the peak
graft has the advantage of extraoculddy the use of contact lens€sush of the corneal

procedure that avoids the risk ofpithelium can occur above the scar, thereby
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interfering with the use of contact lensésese is suitable for clinical uséefore use, it is
scars can be removed by hand with a blade or hgcessary to regulate it by using a radiation UVA
laser excimer, which permits the use of contacheter (Wollensak et al, 2007).

Izeonos7e.s\7vr(1)(fz nsak?a??ln 2007)(Mazzotta et aI'Riboflavin or vitam_in B photosensitiser, shows

’ : ' an absorption maximum at 365nm and plays an
Latest approaches to treatment important role in  maintaining  human
of keratoconus health.Riboflavin is difficult to dissolve and thus

the therapy is used CXL riboflavin phosphate,

The corneal collagen linkage using riboflavin, . .
and ultraviolet - A (UVA) constitutes the mosrt.wh'c.h IS more expensive b.Ut more sqluble f.o m
of riboflavin.When CXL is used, riboflavin

recent method of treatment of keratoconus. Theermeate the cormneal laver and meets the anterior
interconnect technique is a common tissug Y

stabilization proces$.Corneal Collagen Cross- a'nd poster lor Chambef of the eye and the
linking (CXL) using riboflavin and ultraviolet A wtreou_s.'_l'_hls IS k_)est achieved when preceded by
(UVA) is a new therapeutic method, which stop poepithiliopoiisi of t_he cornea, which enables
or slows the progressive thinning of the stratu N 'macromolecule ”b‘?f'?“"” to penetrate more
corneum, as well as increasing industrial stabilit§aSIIy (Kelly et al, 20115nibson,2010).

of tissue (Mazzotta et al, 200ANollensak et al, Riboflavin under the effect of UVA sensitized,
2007). i.e. absorbed protons and it indudesmediately

r1’:1fter irradiation, growth in industrial rigidity of
with a wavelength between that of visible Iighfhe cornea is observed by about 300% along with

and X-rays. The range of UV radiation is dividedgrOWth of .the' _rgsigtance to the act'ion of
into UVA (315-380nm), UVB (280-315nm) andenzymes]’hls rigidity is due to the_creatlon of
UVC (<280nm) Cross linking of the collagen of additional bonds between the fibrils of type |
the cornea (CXL) is achieved with the help UVAcoIIagen, that is the collagen which confers tissue

of 365nm wavelength.UVA is produced by a dr;%tgg%k'l((Ke"ty IetZOiIi 2011; Wollensak et
specific device, which al, ;Gkika et al, ).

Ultraviolet radiation is electromagnetic radiatio

Table 1. Types of keratoconus

Type of keratoconus Size Characteristics
Sharp curvature.

Coneslikenipple <5mm
The top of the central region of the cone
usually located in the center or off-center
and are displaced downward and nasally.
Ellipsoidal

oval cones 5- 6mm
Displaced downwardly temporally.
Concern more than 75% of cornea

Coneslikeabullet > 6mm

Nursing inter ventions and the visual process and the ocular structure

?re assessed. Questions about diabetes,
ypertensive disease and systemic medical
problems that could affect the vision are asked
grnd lifestyle, type of work and family history are
évaluatedThe review checks the head tilt and

The nurse collects information from the patie
to determine if the problems of the eyes or visio
impact on everyday lifelhe patient gives an
accurate history that includes any visual disord
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actions  suggest compensatory  positionReferences
_evaluated to achieve pure vision. The Symmew(‘faporossi A, Mazzotta C, Baiocchi S& Caporossi
in the appearance of the eyes, the placement 011 5010) Long-term results of riboflavin

the eyes in the orbit and the symmetry of their ytraviolet a corneal collagen cross-linking for
movements are also assessed (Ignatavicius andkeratoconus in ltaly: the Siena eye cross
Workmann, 2008). study. Am J Ophthalmol 149 (4:585-593.
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there is support ( Wang and TiaR015; Stevens, : .
pport ( 9 AR Gore DM, Shortt AJ & Allan BD.(2013) New clinical

1994). pathways for keratoconus. Eye (Lond) 27(3):329-
When the conservative treatment is chosen, t 39.

nurse enhances the patient's ability to use riaddad W, Fadlallah A, Dirani A, Rami EI H, Fahd
remaining sight. When administered medication, D: Khanafer D& Fahed S. (2012) Comparison of 2
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and hand disinfection. Ignatavicius D& Workmann L.(2008) Medical—
Preoperatively, the nurse informs the patient of Surgical Nursing, (Greek edition). Athens:

the process of surgery and discusses hli<Q 4(3):17(19-17?6'2012 L X ks of
expectations and he/she examines the eyes Kanellopoulos J.(2012) Long term results of a
prospective randomized bilateral eye comparison

sIgns of Infecfthn. POStOper.at.IV? care mainly trial of higher fluence, shorter duration ultraol
involves administering  antibiotic  treatment, A radiation, and riboflavin collagen cross linking
change of eye patches, measurements to preventor progressive keratoconus. Clin - Ophthalmol
the increase of intraocular pressure, evaluation of 6:97-101.

pain and administration of mild analgesics aganski J.(2004) Clinical Ophthalmology. (Greek
well as promoting patient comfort and space Edition). 4" ed., Athens: 22-27, 154-161.
orientation  (Ignatavicius ~ Workmann andKelly TL, Williams KA Coster DJ & Australian
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N th tic d | ts for the treat Koo TS, Finkelstein E, Tan D & Mehta JS.(2011)
ew therapeulic aevelopments for the trealmein oo mental cost-utility analysis of deep anterior
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learning curve since, in contrast to other‘-e:ctmar?E M, (Eathe'_r 8; He”k'”g Pé.l987) .Magualk
treatments, is technically simpler and less ' Eye Examination and Diagnosis.(Gree

. ive. The int i [ literat h thee edition), Athens: 84-92.
Invasive. € international literature shows “Mazzotta C, Balestrazzi A, Traversi C, Baiocchi

to some extent there is a regression in 50% or g Caporossi T, Tommasi C &Caporossi A. (2007)
patients in the years to follow. This regression is Treatment of progressive keratoconus by

of 2-3 D, and could be attributed to the post- riboflavin-UVA-induced cross-linking of corneal
operative wound healing process. The health collagen: ultrastructural analysis by Heidelberg
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therapeutic solution, he will be able to provide

the best health care in the patient.
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