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THE REQUIRED MINIMUM OF BASIS SKILLS, WHICH ARE TO BE MASTERED BY FORAIGN STUDENTS STUDDING THE COURSE OF OPHTHALMOLOGY

1. To know how to perform a slit lamp examination of the cornea.
2. To know how to perform a dye examination of the cornea.
3. To know how to determine corneal sensitivity.
4. To understand the results of corneal topography.
5. To understand the results of corneal pachymetry.
6. To understand the results of confocal corneal microscopy.
7. To know how to measure the diameter of the cornea.
8. To make differential diagnosis of the developmental anomalies of the cornea.
9. To make differential diagnosis of the infectious keratitis.
10. To make differential diagnosis of the noninfectious keratitis and keratopathy.
11. To know the problems with contact lenses, their treatment and prevention.
12. To know the principle, indications, advantage and disadvantage of the corneal surgery.
13. To know how to examine the sclera.
14. To know the classification of forms of scleral inflammation.
15. To know the clinical signs and treatment of scleral inflammatory diseases.
CONTROL QUASTIONS

1. Applied anatomy of the cornea.

2. Keratoconus. Definition, etiology, symptoms, diagnostic considerations, treatment and prognosis.

3. Pathogenesis of the corneal infections.

4. Bacterial keratitis. Definition, etiology, symptoms, diagnostic considerations, treatment and prognosis.

5. Herpes simplex keratitis. Epidemiology and pathogenesis, symptoms, forms and diagnosis of herpes simplex keratitis, treatment.

6. Mycotic keratitis Epidemiology and pathogenesis, etiology, symptoms, diagnostic considerations, identification of the pathogen. 

7. Acanthamoeba keratitis. Epidemiology, etiology, symptoms, diagnostic considerations, treatment.

8. Causes of noninfectious keratitis and keratopathy. 

9. Superficial punctate keratitis. Epidemiology, etiology, symptoms, diagnostic considerations, treatment.

10. Exposure keratitis. Epidemiology, etiology, symptoms, diagnostic considerations, treatment.

11. Neuroparalytic keratitis. Epidemiology, etiology, symptoms, diagnostic considerations, treatment.

12. Problems with contact lenses. Etiology, symptoms, diagnostic considerations, treatment. 

13. Bullous keratopathy epidemiology. Etiology, symptoms, diagnostic considerations, treatment. 

14. Corneal deposits: arcus senilis, corneal verticillata, argyrosis and chrysiasis, iron lines, Kayser–Fleischer ring.

15. Corneal degeneration: calcific band keratopathy, peripheral furrow keratitis.

16. Corneal dystrophies definition. Epidemiology, etiology, classification, symptoms and diagnostic considerations of macular dystrophy, epithelial and stromal corneal dystrophies, Fuchs endothelial dystrophy. Treatment. 

17. Curative corneal procedures. Penetrating keratoplasty and lamellar keratoplasty. Principle, indications, allograft rejection (complications). 

18. Phototherapeutic keratectomy. Principle, indications, advantage and disadvantage.

19. Refractive corneal procedures: astigmatic keratotomy, radial keratotomy, conductive keratoplasty, intrastromal corneal ring segments and rod segments photorefractive keratectomy, excimer laser epithelial keratomileusis, excimer laser in situ keratomileusis, wavefront correction (aberrometry), implanted contact lens, bioptic clear lens extraction. Principle, indications, advantage and disadvantage.

20. Sclera. Basic knowledge. 

21. Classification of the forms of scleral inflammation.

22. Episcleritis. Definition, epidemiology, etiology, symptoms, findings, differential diagnosis, treatment and prognosis. 

23. Scleritis. Definition, epidemiology, etiology, symptoms, findings, differential diagnosis, treatment and prognosis. 

CORNEA

1. APPLIED ANATOMY 

Fundamental importance of the cornea for the eye. The cornea is the eye’s optical window that makes it possible for humans to see. The ophthalmologist is only able to discern structures in the interior of the eye because the cornea is transparent. At 43 diopters, the cornea is the most important refractive medium in the eye. 

Shape and location. The cornea’s curvature is greater than the sclera’s curvature. It fits into the sclera like a watch-glass with a shallow sulcus (the limbus of the cornea) marking the junction of the two structures.

Embryology. The corneal tissue consists of five layers. The cornea and the sclera are formed during the second month of embryonic development. The epithelium develops from ectoderm, and the deeper corneal layers develop from mesenchyme. 

Morphology and healing. The surface of the cornea is formed by stratified nonkeratinized squamous epithelium that regenerates quickly when injured. Because of its excellent ability to regenerate, the epithelium does not scar. Within 1 hour, epithelial defects are closed by cell migration and rapid cell division. However, this assumes that the limbus stem cells in the limbus of the cornea are undamaged. Regular corneal regeneration will no longer be possible when these cells are compromised. Limbus stem cells also act as a junctional barrier, preventing conjunctival tissue from growing onto the cornea. Dysfunction or deficiency of limbal stem cells may result in chronic epithelial defects, overgrowth of conjunctival epithelium onto the corneal surface and vascularization. Some of these problems may be prevented by limbal cell transplantation. An intact epithelium protects against infection; a defect in the epithelium makes it easy for pathogens to enter the eye. 
The epithelium comprises:
1) A single layer of basal columnar cells attached by hemi- desmosomes to the underlying basement membrane.

2) Two to three rows of wing cells.

3) Two layers of squamous surface cells.

The surface area of the outermost cells is increased by microplicae and microvilli which facilitate the attachment of mucin. After a lifespan of a few days the superficial cells are shed into the tear film. 
A thin basement membrane anchors the basal cells of the stratified squamous epithelium to Bowman’s layer. This layer is highly resistant but cannot regenerate. Bowman layer is the acellular superficial layer of the stroma which scars when damaged.
Beneath Bowman’s layer, many lamellae of collagen fibrils form the corneal stroma. The stroma makes up 90% of corneal thickness. It is principally composed of regularly orientated layers of collagen fibrils whose spacing is maintained by proteoglycan ground substance (chondroitin sulphate and keratan sulphate) with interspersed modified fibroblasts (keratocytes). The stroma is a highly bradytrophic tissue. As avascular tissue, it only regenerates slowly. However, its avascularity makes it an immunologically privileged site for grafting. Routine corneal transplants can be performed without prior tissue typing. An increased risk of rejection need only be feared where the recipient’s cornea is highly vascularized, as may be the case following chemical injury or inflammation. Such cases require either a tissue-typed donor graft or immunosuppressive therapy with cyclosporin.

Descemet’s membrane and the corneal endothelium lie on the posterior surface of the corneal stroma adjacent to the anterior chamber. Descemet’s membrane is a relatively strong membrane. It will continue to define the shape of the anterior chamber even where the corneal stroma has completely melted (descemetocele). Because it is a genuine basement membrane, lost tissue is regenerated by functional endothelial cells. The corneal endothelium is responsible for the transparency of the cornea. A high density of epithelial cells is necessary to achieve this. The corneal endothelium does not regenerate; defects in the endothelium are closed by cell enlargement and cell migration.

Diameter. The average corneal diameter is 11.5 mm (vertical) and 12 mm (horizontal). A congenitally small cornea (microcornea, diameter less than 10.0mm) or a congenitally large cornea (megalocornea, diameter from 13 to 15mm) is always an abnormal finding.

Nourishment. The five layers of the cornea have few cells and are unstructured and avascular. Like the lens, sclera, and vitreous body, the cornea is a brady-trophic tissue structure. Its metabolism is slow, which means that healing is slow. The cornea is nourished with nutritive metabolites (amino acids and glucose) from three sources:

· Diffusion from the capillaries at its edge.

· Diffusion from the aqueous humor.

· Diffusion from the tear film.

Significance of the tear film for the cornea. The three-layer precorneal tear film ensures that the surface of the cornea remains smooth and helps to nourish the cornea (see above). Without a tear film, the surface of the epithelium would be rough, and the patient would see a blurred image. The enzyme lysozyme contained in the tear film also protects the eye against infection.

Transparency. This is due to two factors.

· The uniform arrangement of the lamellae of collagen fibrils in the corneal stroma and the smooth endothelial and epithelial surface produced by the intraocular pressure.

· The water content of the corneal stroma remains constant at 70%. The combined action of the epithelium and endothelium maintains a constant water content; the epithelium seals the stroma off from the outside, while the endothelium acts as an ion pump to remove water from the stroma. This requires a sufficiently high density of endothelial cells. Endothelial cell density is age-dependent; normally it is approximately 2500 cells/mm². At cell densities below 300 endothelial cells/mm², the endothelium is no longer able to pump water out of the cornea, resulting in edema of the corneal stroma and epithelium. The epithelial as well as endothelial layer act as barriers and regulate the exchange between cornea, tear film and aqueous humor by selective diffusion.

Protection and nerve supply. The cornea is a vital structure of the eye and as a result extremely sensitive. It receives its ample sensory supply from the ophthalmic division of the trigeminal nerve. The slightest tactile sensation causes an eye closing reflex. Any injury to the cornea (erosion, foreign-body penetration, or ultraviolet keratoconjunctivitis) exposes sensory nerve endings and causes intense pain with reflexive tearing and involuntary eye closing. The triad of involuntary eye closing (blepharospasm), reflexive tearing (epiphora), and pain always suggests a possible corneal injury.

2.  EXAMINATION METHODS

Nonophthalmologists can evaluate the transparency of the cornea (opacities of the stroma and epithelium suggest scarring or infiltration of the epithelium), its surface luster (lack of luster suggests an epithelial defect), and possible superficial corneal injuries. A simple ruler can be used to measure the size of the cornea, and sensitivity can be tested with a cotton swab. The ophthalmologist uses instruments to evaluate corneal morphology and function in greater detail.

Slit Lamp Examination

The slit lamp is the primary instrument used in evaluating the cornea. The ophthalmologist chooses between eight and up to 40 power magnification for examining all levels of the cornea with a narrow beam of collimated light.

Direct illumination. The slit beam is moved over the entire cornea, thus thickness and depth of corneal findings can be estimated.

Indirect illumination. The light of the slit lamp is directed at the corneal limbus from the side. So we have a total reflection by the otherwise completely transparent cornea. Subtle opacities or discrete corneal edema show up with this technique by not totally reflecting the slit lamp light.

Retrograde illumination. The cornea is illuminated by light reflected from the iris by a slit lamp beam directed straight into the eye. Subtle epithelial and endothelial findings or small blood vessels become visible.

Dye Examination of the Cornea

Defects in the surface of the cornea can be visualized with fluorescein or rosebengal solution (in either case, administer one drop of 1% solution). Since these dyes are not usually absorbed by the epithelium, they can be used to visualize loss of epithelium over a wide area (such as corneal erosion) and extremely fine defects (as in superficial punctate keratitis). Illumination with a cobalt blue filter enhances the fluorescent effect.

These dye methods can reveal corneal epithelial defects (corneal erosion) even without the use of a slit lamp, which is helpful in examining infants.

Corneal Topography

The keratoscope (Placido’s disc) permits gross evaluation of the uniformity of the surface of the cornea. This instrument consists of a round disc marked with concentric black and white rings around a central aperture. The examiner holds the disc in his or her hand and looks through the aperture. The mirror images of the rings on the patient’s cornea indicate the presence of astigmatism (in which case they appear distorted). However, this inexact evaluation method lacks the precision required for modern applications such as refractive surgery. Therefore, the surface of the cornea is now normally evaluated by computerized corneal topography (videokeratoscopy). In this examination, the contours of the cornea are measured by a computer in the same manner as the keratoscope. The refractive values of specific corneal regions are then represented in a color-coded dioptric map. Bright red, for example, represents a steep curvature with a high refractive power. This technique provides a contour map of the distribution of the refractive values over the entire cornea.

Determining Corneal Sensitivity

Nonophthalmologists may perform a simple preliminary examination of corneal sensitivity with a distended cotton swab. This examination also helps the ophthalmologist confirm the diagnosis in the presence of a suspected viral infection of the cornea or trigeminal or facial neuropathy as these disorders are associated with reduced corneal sensitivity. Ophthalmologists may use an automatic Dräger esthesiometer for precise testing of corneal sensitivity and for follow-up examinations. This instrument can incrementally raise the sensitivity stimulus. This makes it possible to determine if and how rapidly corneal sensitivity increases following a corneal transplant.

Measuring the Density of the Corneal Epithelium

A sufficiently high density of endothelial cells is very important for the transparency of the cornea. Gross estimation of the endothelial cell density is possible for a circumscribed area of the cornea using a slit lamp and indirect illumination. Both the viewing axis and illumination axis are off-set from the visual axis. Precise quantification and morphologic evaluation of endothelial cells over large areas is only possible by means of specular microscopy, a technique designed especially for this purpose. Exact analysis is necessary when the number of cells appears extremely low under slit lamp examination and the patient is a candidate for cataract surgery. If exact analysis then verifies that the number of cells is extremely low (below 300–400 cells/mm²), cataract surgery is combined with a corneal transplant. This is done to ensure that the patient will be able to see even after cataract surgery, which sacrifices additional endothelial cells.

Measuring the Diameter of the Cornea

An abnormally large or small cornea (megalocornea or microcornea) will be apparent from simple visual inspection. A suspected size anomaly can be easily verified by measuring the cornea with a ruler. The corneal diameter can be determined more accurately with calipers (usually done under general anesthesia) or with the Wessely keratometer. This is a type of tube with a condensing lens with millimeter graduations at one end. The examiner places this end on the patient’s eye and looks through the other end. Megalocornea in an infant always requires further diagnostic investigation to determine whether buphthalmos is present. Microcornea may be a sign of congenital defects in other ocular tissues that could result in impaired function (microphthalmos).

Corneal Pachymetry

The thickness of the cornea (about 520 µm centrally) is important for precise measurement the intraocular pressure. The thicker the cornea, the higher the intraocular pressure, the thinner the cornea the lower the intraocular pressure. Precise measurement of the thickness of the cornea is also crucial in refractive surgery. Improving refraction often requires making incisions through 90% of the thickness of the cornea while meticulously avoiding full penetration of the cornea. There are two pachymetry techniques for measuring corneal thickness with the high degree of precision that this surgery requires:

· Optical pachymetry with a slit lamp and measuring attachment can be carried out with the patient in a seated position.

· Ultrasonic pachymetry; this has the advantage of greater precision and can also be performed with the patient supine.

Recent developments now permit pachymetry by means of specular microscopy.

Confocal Corneal Microscopy

Confocal corneal microscopy is a recently developed examination technique that makes it possible to scan the cornea over a wide area from the outer layer to the inner layer. It differs in this regard from slit lamp examination, which tends to be a focal examination along a shaft of light perpendicular to the eye. Confocal corneal microscopy visualizes cell structures at maximum magnification that cannot be observed in detail with a slit lamp. These include corneal nerves, amebas, and hyphae. Although not yet routinely used in clinical practice, confocal corneal microscopy appears to be a promising examination method for the future.

3.  DEVELOPMENTAL ANOMALIES

Protrusion Anomalies

Keratoconus

Definition: Conical, usually bilateral central deformation of the cornea with parenchymal opacification and thinning of the cornea.

Epidemiology. Keratoconus is the most frequently encountered deformation of the cornea. Occurrence is familial, although women are more likely to be affected than men.

Etiology. Keratoconus is probably a genetic disorder. It can occur in families with varying paths of hereditary transmission. Occasionally keratoconus is associated with trisomy 21 syndrome (Down syndrome) as well as with atopic dermatitis and other connective-tissue disorders such as Marfan syndrome.

Symptoms. The clinical course of the disorder is episodic; the increasing protrusion of the cornea usually produces bilateral irregular myopic astigmatism. Left untreated, in rare cases keratoconus can cause tears of Descemet’s membrane due to the continuous stretching. The entire cornea can then bulge out at this site. This is referred to as acute keratoconus. Symptoms of acute keratoconus include sudden loss of visual acuity accompanied by intense pain, photophobia, and increased tearing.

Diagnostic considerations. The diagnosis is usually made with a keratoscope or ophthalmometer (reflex images will be irregular). The examiner can also detect keratoconus without diagnostic aids by standing behind the patient and pulling the patient’s upper eyelids downward. The conical protrusion of the surface of the cornea will then be readily apparent due to the deformation of the margin of the eyelid (Munson’s sign).

Treatment. Degeneration of visual acuity can usually be corrected initially with eyeglasses; hard contact lenses will be required as the disorder progresses. However, after a certain point, the patient repeatedly will lose the contact lenses. Then the only possible treatment is penetrating keratoplasty (transplantation of a corneal graft from a donor into the patient’s cornea).

Prognosis. The prognosis for penetrating keratoplasty in treating keratoconus is good because the cornea is avascular in keratoconus.

Keratoglobus and Cornea Plana

Very rare disorders include keratoglobus, a congenital deformation resulting in hemispherical protrusion that tends to produce myopia, and flattening of the cornea (cornea plana) that tends to produce hyperopia.

Corneal Size Anomalies (Microcornea and Megalocornea)

Corneal size anomalies are usually congenital and on the whole are rare. An abnormally small cornea (microcornea) has a diameter less than 10.0mm. It usually causes severe hyperopia that in advanced age often predisposes the patient to angle closure glaucoma. An abnormally large cornea (megalocornea) may be as large as 13–15mm. Corneal enlargement in the newborn and infants may be acquired due to increased intraocular pressure (buphthalmos). Combinations of microcornea and megalocornea together with other ocular deformities may also occur.

4. INFECTIOUS KERATITIS

Protective Mechanisms of the Cornea

As discussed above, the cornea has certain defensive mechanisms that are required because of its constant exposure to microbes and environmental influences. The mechanisms include:

· Reflexive eye closing.

· Flushing effect of tear fluid (lysozyme).

· The hydrophobic epithelium forms a diffusion barrier.

· Epithelium can regenerate quickly and completely.

Corneal Infections: Predisposing Factors, Pathogens, and Pathogenesis

When certain pathogens succeed in breaching the corneal defenses through superficial injuries or minor epithelial defects, the bradytrophic corneal tissue will respond to the specific pathogen with characteristic keratitis.

Predisposing factors that promote inflammation are:

· Blepharitis.

· Infection of the ocular appendages (for example, dacryostenosis accompanied by bacterial infestation of the lacrimal sac).

· Changes in the corneal epithelial barrier (bullous keratopathy or dry eyes).

· Contact lenses.

· Lagophthalmos.

· Neuroparalytic disorders.

· Trauma.

· Topical and systemic immunosuppressive agents.

Pathogens causing corneal infections may include:

· Viruses

· Bacteria

· Acanthamoeba

· Fungi

Pathogenesis. Once these pathogens have invaded the bradytrophic tissue through a superficial corneal lesion, a typical chain of events will ensue:

· Corneal lesion.

· Pathogens invade and colonize the corneal stroma (red eye).

· Antibodies will infiltrate the site.

· As a result, the cornea will opacify and the point of entry will open further, revealing the corneal infiltrate.

· Irritation of the anterior chamber with hypopyon (typically pus will accumulate on the floor of the anterior chamber).

· The pathogens will infest the entire cornea.

· As a result the stroma will melt down to Descemet’s membrane, which is relatively strong. This is known as a descemetocele; only Descemet’s membrane is still intact. Descemet’s membrane will be seen to protrude anteriorly when examined under a slit lamp.

· As the disorder progresses, perforation of Descemet’s membrane occurs and the aqueous humor will be seen to leak. This is referred to as a perforated corneal ulcer and is an indication for immediate surgical intervention (emergency keratoplasty). The patient will notice progressive loss of vision and the eye will be soft.

· Prolapse of the iris (the iris will prolapse into the newly created defect) closing the corneal perforation posteriorly. Adhesion of the iris will produce a white corneal scar.

This sequence of events can vary in speed and severity. Depending on the voracity of the pathogens and the state of the patient’s immune system, an infiltrate can form within a few hours or days and quickly progress to a corneal ulcer, melting of the stroma, and even a descemetocele. This rapidly progressing form of infectious corneal ulcer (usually bacterial) is referred to as a serpiginous corneal ulcer. It penetrates the cornea particularly rapidly and soon leads to intraocular involvement (the pathogens will be active beyond the visible rim of the ulcer). A serpiginous corneal ulcer is one of the most dangerous clinical syndromes as it can rapidly lead to loss of the eye.

General Notes on Diagnosing Infectious Forms of Keratitis

Prompt diagnosis and treatment of corneal infections are crucial in avoiding permanent impairment of vision. The diagnosis of any type of infectious keratitis essentially includes the following steps:

· Identifying the pathogen and testing its resistance. This is done by taking a smear from the base of the ulcer to obtain sample material and inoculating culture media for bacteria and fungi. Wearers of contact lenses should also have cultures taken from the lenses, and the contact lens container in particular, to ensure that they are not the source of the bacteria or fungus.

· Slides of smears, unstained and treated with Gram and Giemsa stains, are examined to detect bacteria.

· Where a viral infection is suspected, testing corneal sensitivity is indicated as this will be diminished in viral keratitis.

Bacterial Keratitis

Epidemiology. Over 90% of corneal inflammations are caused by bacteria.

Etiology. The pathogens listed in Table 1 are among the most frequent causes of bacterial keratitis in the urban population in temperate climates. Most bacteria are unable to penetrate the cornea as long as the epithelium remains intact. Only gonococci and diphtheria bacteria can penetrate an intact corneal epithelium.

Symptoms. Patients report moderate to severe pain (except in Moraxella infections), photophobia, impaired vision, tearing, and purulent discharge. Purulent discharge is typical of bacterial forms of keratitis; viral forms produce a watery discharge.

Diagnostic considerations. Positive identification of the pathogens is crucial Serpiginous corneal ulcers are frequently associated with severe reaction of the anterior chamber including accumulation of cells and pus in the inferior anterior chamber (hypopyon) and posterior adhesions of the iris and lens (posterior synechiae).

Tab. 1 The most common bacterial pathogens that cause keratitis

	Bacterium
	Typical characteristics of infection

	Staphylococcus aureus
	Infection progresses slowly with little pain

	Staphylococcus epidermidis
	As in Staphylococcus aureus infection

	Streptococcus pneumoniae
	Typical serpiginous corneal ulcer: the cornea is rapidly perforated with early intraocular involvement; very painful

	Pseudomonas aeruginosa
	Bluish-green mucoid exudate, occasionally with a ring-shaped corneal abscess. Progression is rapid with a tendency toward melting of the cornea over a wide area; painful

	Moraxella
	Painless oval ulcer in the inferior cornea that progresses slowly with slight irritation of the anterior chamber


Differential diagnosis. Fungi (positive identification of the pathogen is required to exclude a fungus infection).

Treatment

Because of the risk of perforation, any type of corneal ulcer is an emergency requiring treatment by an ophthalmologist.

Conservative therapy. Treatment is initiated with topical antibiotics (such as ofloxacin, norfloxacin, and polymyxin) with a very broad spectrum of activity against most Gram-positive and Gram-negative organisms until the results of pathogen and resistance testing are known. Immobilization of the ciliary body and iris by therapeutic mydriasis is indicated in the presence of intraocular irritation (manifested by hypopyon). Bacterial keratitis can be treated initially on an outpatient basis with eye drops and ointments.

An advanced ulcer—i.e., a protracted clinical course—suggests indolence and poor compliance on the part of the patient. Hospitalization is indicated in these cases. Subconjunctival application of antibiotics may be required to increase the effectiveness of the treatment.

Surgical treatment. Indications are based on the following situations:

· Broad areas of superficial necrosis or insufficient healing may require a membrane (flap preparation from placenta tissue) to accelerate healing under the protecting flap. Corneal scarring may be observed after closure of the defect.

· Emergency keratoplasty is indicated to treat a descemetocele or a perforated corneal ulcer.

Note: stenosis or blockage of the lower lacrimal system should be surgically corrected after healing of the ulcer, to rule out the source of further infections.

As soon as the results of bacteriologic and resistance testing are available, the physician should verify that the pathogens will respond to current therapy.

Failure of keratitis to respond to treatmentmay be due to one of the following causes, particularly if the pathogen has not been positively identified.

1. The patient is not applying the antibiotic (poor compliance).

2. The pathogen is resistant to the antibiotic.

3. The keratitis is not caused by bacteria but by one of the following pathogens:

Herpes simplex virus.

· Fungi.

· Acanthamoeba.

· Rare specific pathogens such as Nocardia or mycobacteria (as these are very rare, they are not discussed in further detail in this chapter).

Viral Keratitis

Viral keratitis is frequently caused by:

· Herpes simplex virus

· Varicella-zoster virus

· Adenovirus

Other rare causes include cytomegalovirus, measles virus, or rubella virus.

Herpes Simplex Keratitis

Epidemiology and pathogenesis. Herpes simplex keratitis is among the more common causes of corneal ulcer. About 90% of the population are carriers of the herpes simplex virus. A typical feature of the ubiquitous herpes simplex virus is an unnoticed primary infection that often heals spontaneously. Many people then remain carriers of the neurotropic virus, which can lead to recurrent infection at any time proceeding from the trigeminal ganglion. A corneal infection is always a recurrence. A primary herpes simplex infection of the eye will present as blepharitis or conjunctivitis. Recurrences may be triggered by external influences (such as exposure to ultraviolet light), stress, menstruation, generalized immunologic deficiency, or febrile infections.

Symptoms. Herpes simplex keratitis is usually very painful and associated with photophobia, lacrimation, and swelling of the eyelids. Vision may be impaired depending on the location of findings, for example in the presence of central epitheliitis.

Forms and diagnosis of herpes simplex keratitis. The following forms of herpes simplex keratitis are differentiated according to the specific layer of the cornea in which the lesion is located. Recurrences are more frequent in the stroma and endothelium.

Dendritic keratitis. This is characterized by branching epithelial lesions (necrotic and vesicular swollen epithelial cells). These findings will be visible with the unaided eye after application of fluorescein dye and are characteristic of dendritic keratitis. Corneal sensitivity is usually reduced. Dendritic keratitis may progress to stromal keratitis.

Stromal keratitis. Purely stromal involvement without prior dendritic keratitis is characterized by an intact epithelium that will not show any defects after application of fluorescein dye. Slit lamp examination will reveal central disciform corneal infiltrates (disciform keratitis) with or without a whitish stromal infiltrate. Depending on the frequency of recurrence, superficial or deep vascularization may be present. Reaction of the anterior chamber will usually be accompanied by endothelial plaques (protein deposits on the posterior surface of the cornea that include phagocytized giant cells).

Endotheliitis. Endotheliitis or endothelial keratitis is caused by the presence of herpes viruses in the aqueous humor. This causes swelling of the endothelial cells and opacification of the adjacent corneal stroma. Involvement of the endothelial cells in the angle of the anterior chamber causes a secondary increase in intraocular pressure (secondary glaucoma). Other findings include inflamed cells and pigment cells in the anterior chamber, and endothelial plaques; involvement of the iris with segmental loss of pigmented epithelium is detectable by slit lamp examination.

Acute retinal necrosis syndrome. Involvement of the posterior eyeball for all practical purposes is seen only in immunocompromised patients (e.g., recipients of bone marrow transplants and AIDS patients).

Treatment. Infections involving the epithelium are treated with trifluridine (3–5qd) as a superficial virostatic agent. Stromal and intraocular herpes simplex infections can be treated with acyclovir, which is available for topical use (in ointment form 3–5qd) and systemic use. Corticosteroids are contraindicated in epithelial herpes simplex infections but can be used to treat stromal keratitis where the epithelium is intact.

Herpes Zoster Keratitis

Definition: Keratitis due to endogenous recurrence of chickenpox (caused by the varicella-zoster virus; see herpes zoster ophthalmicus).

Etiology. Proceeding from the trigeminal ganglion, the virus reinfects the region supplied by the trigeminal nerve. The eye is only affected where the ophthalmic division of the trigeminal nerve is involved. In this case, the nasociliary nerve supplying the interior of the eye will also be affected. Hutchinson’s sign, vesicular lesions on the tip of the nose, will be present.

Diagnostic considerations. Herpes zoster ophthalmicus also occurs in superficial and deep forms, which in part are similar to herpes simplex infection of the cornea (red eye with dendritic keratitis, stromal keratitis, and keratouveitis). Corneal sensitivity is usually decreased or absent.

Treatment. The eye is treated with acyclovir ointment in consultation with a dermatologist, who will usually treat skin changes with systemic acyclovir (in the form of infusions or tablets). If the corneal epitheliumis intact, the irritation of the anterior chamber can be carefully treatedwith steroids and immobilization of the pupil and ciliary body by therapeutic mydriasis.

Mycotic Keratitis

Epidemiology. Mycotic keratitis was once very rare, occurring almost exclusively in farm laborers. However, this clinical syndrome has become far more prevalent today as a result of the increased and often unwarranted use of antibiotics and steroids.

Etiology. The most frequently encountered pathogens are Aspergillus and Candida albicans. The most frequent causative mechanism is an injury with fungus-infested organic materials such as a tree branch.

Symptoms. Patients usually have only slight symptoms.

Diagnostic considerations. The red eye is apparent upon inspection (normally the disorder is unilateral), as is a corneal ulcer with an undermined margin.

Identification of the pathogen. Microbiological identification of fungi is difficult and can be time consuming. It is important to obtain samples from beyond the visible margin of the ulcer. Fungal cultures should always be obtained where bacterial cultures are negative.

Treatment. Conservative treatment. Hospitalization is recommended when beginning treatment as the disorder requires protracted therapy. Systemic therapy is only indicated in the case of an intraocular involvement. Other cases will respond well to topical treatment with antimycotic agents such as natamycin, nystatin, and amphotericin B. In general, the topical antimycotic agents will have to be specially prepared by the pharmacist.

Surgical treatment. Emergency keratoplasty is indicated when the disorder fails to respond or responds too slowly to conservative treatment and findings worsen under treatment.

Acanthamoeba Keratitis

Epidemiology. This is a rare type of keratitis and one which may have been diagnosed too rarely in the past.

Etiology. Acanthamoeba is a saprophytic protozoon. Infections usually occur in wearers of contact lenses, particularly in conjunction with trauma and moist environments such as saunas.

Symptoms. Patients complain of intense pain, photophobia, and lacrimation.

Diagnostic considerations. The patient will often have a history of several weeks or months of unsuccessful antibiotic treatment.

Inspection will reveal a unilateral reddening of the eye. Usually there will be no discharge. The infection can present as a subepithelial infiltrate, as an intrastromal disciform opacification of the cornea, or as a ring-shaped corneal abscess. The disorder is difficult to diagnose, and even immunofluorescence studies in specialized laboratories often fail to provide diagnostic information. Amebic cysts can be readily demonstrated only by histologic and pathologic studies of excised corneal tissue. Recently it has become possible to demonstrate amebic cystswith the aid of confocal corneal microscopy. Patients who wear contact lenses should have themsent in for laboratory examination.

Treatment. Conservative treatment. Topical agents currently include propamidine (only available through international pharmacies as Prolene) and pentamidine, which must be prepared by a pharmacist. Usually broad-spectrum antibiotic eyedrops are also administered. Cycloplegia (immobilization of the pupil and ciliary body) is usually required as well.

Surgical treatment. Emergency keratoplasty is indicated when conservative treatment fails.

5. NONINFECTIOUS KERATITIS AND KERATOPATHY

This category encompasses a wide variety of corneal disorders, some of which, such as keratoconjunctivitis sicca, occur very frequently. Causes include:

a. Inflammations (blepharitis and conjunctivitis).

b. Injuries (rubbing the eyes, foreign bodies beneath the upper eyelid, contact lens incompatibility, exposure to intense ultraviolet irradiation).

c. Age-related changes (senile ectropion with trichiasis; spastic entropion;

d. keratoconjunctivitis sicca).

e. Surgery (cataract or glaucoma).

f. Endogenous factors (facial neuropathy).

g. Exogenous factors (medications or preservatives).

Superficial Punctate Keratitis

Definition: Superficial punctate corneal lesions due to lacrimal system dysfunction from a number causes.

Epidemiology and etiology. Superficial punctate keratoconjunctivitis is a very frequent finding as it can be caused by a wide variety of exogenous factors such as foreign bodies beneath the upper eyelid, contact lenses, smog, etc. It may also appear as a secondary symptom of many other forms of keratitis. It can also occur in association with an endogenous disorder such as Thygeson disease.

Symptoms. Depending on the cause and severity of the superficial corneal lesions, symptoms range from a nearly asymptomatic clinical course (such as in neuroparalytic keratitis, in which the cornea loses its sensitivity) to an intense foreign-body sensation in which the patient has a sensation of sand in the eye with typical signs of epiphora, severe pain, burning, and blepharospasm. Visual acuity is usually only minimally compromised.

Diagnostic considerations and differential diagnosis. Fluorescein dye is applied and the eye is examined under a slit lamp. This visualizes fine epithelial defects. The specific dye patterns that emerge give the ophthalmologist information about the etiology of the punctate keratitis.

Treatment and prognosis. Depending on the cause, the superficial corneal changes will respond rapidly or less so to treatment with artificial tears, whereby every effort should be made to eliminate the causative agents. Depending on the severity of findings, artificial tears of varying viscosity ranging from eye drops to high-viscosity gels) are prescribed and applied with varying frequency. In exposure keratitis, a high-viscosity gel or ointment is used because of its long retention time; superficial punctate keratitis is treated with eye drops.

Keratoconjunctivitis Sicca

This is one of the most frequent causes of superficial keratitis. The syndrome itself is attributable to dry eyes due to lack of tear fluid.

Exposure Keratitis

Definition: Keratitis resulting from drying of the cornea in the case of lagophthalmos.

Epidemiology. Exposure keratitis is a relatively frequent clinical syndrome. For example, it may occur in association with facial paralysis following a stroke.

Etiology. Due to facial nerve palsy, there is insufficient closure of the eyelids over the eyeball (lagophthalmos), and the inferior one-third to one-half of the cornea remains exposed and unprotected (exposure keratitis). Superficial punctate keratitis initially develops in this region and can progress to corneal erosion or ulcer.

Other causes for exposure keratitis without facial nerve palsy include:

· Uncompensated exophthalmos in Graves disease.

· Insufficient eyelid closure following eyelid surgery to correct ptosis.

· Insufficient eye care in patients receiving artificial respiration on the intensive care ward.

Symptoms. Similar to superficial punctate keratitis (although usually more severe) but unilateral.

Diagnostic considerations. Application of fluorescein dye will reveal a typical pattern of epithelial lesions.

Treatment. Application of artificial tears is usually not sufficient where eyelid motor function is impaired. In such cases, high-viscosity gels, ointment packings (for antibiotic protection), and a watch glass bandage are required. The watch glass bandage must be applied so as to create a moist airtight chamber that prevents further desiccation of the eye. In the presence of persistent facial nerve palsy that shows no signs of remission, lateral tarsorrhaphy is the treatment of choice. The same applies to treatment of exposure keratitis due to insufficient eyelid closure from other causes. Poor corneal care in exposure keratitis can lead to superficial punctate keratitis, erosion, bacterial superinfection with corneal ulcer, and finally to corneal perforation.

Neuroparalytic Keratitis

Definition: Keratitis associated with palsy of the ophthalmic division of the trigeminal nerve.

Epidemiology. Palsy of the ophthalmic division of the trigeminal nerve is less frequent than facial nerve palsy.

Etiology. The trigeminal nerve is responsible for the cornea’s sensitivity to exogenous influences. A conduction disturbance in the trigeminal nerve is usually a sequel a of damage to the trigeminal ganglion from trauma, radiation therapy of an acoustic neurinoma, or surgery. It will lead to loss of corneal sensitivity. As a result of this loss of sensitivity, the patient will not feel any sensation of drying in the eye, and the blinking frequency drops below the level required to ensure that the cornea remains moist. As in exposure keratitis, superficial punctate lesions will form initially, followed by larger epithelial defects that can progress to a corneal ulcer if bacterial superinfection occurs.

Symptoms. Because patients with loss of trigeminal function are free of pain, they will experience only slight symptoms such as a foreign-body sensation or an eyelid swelling.

Diagnostic considerations. Corneal damage, usually central or slightly below the center of the cornea, may range from superficial punctate keratitis (visible after application of fluorescein dye) to a deep corneal ulcer with perforation. The eye will be red and in extreme cases may be leaking aqueous humor.

Differential diagnosis. Corneal ulcer due to herpes virus infection.

Treatment. This is essentially identical to treatment of exposure keratitis. It includes moistening the cornea, antibiotic protection as prophylaxis against infection, and, if conservative methods are unsuccessful, tarsorrhaphy.

Problems with Contact Lenses

Etiology. These problems occur either with poorly seated rigid contact lenses that rub on the surface of the cornea or from overwearing soft contact lenses. If contact lenses are worn for extended periods of time despite symptoms, severe inflammation, corneal ulceration, and vascularization of the corneal periphery may result.

Symptoms. Patients find the contact lenses increasingly uncomfortable and notice worsening of their vision. These symptoms are especially pronounced after removing the contact lenses as the lenses mask the defect in the corneal epithelium.

Diagnostic considerations. The ophthalmologist will detect typical corneal changes after applying fluorescein dye. Keratoconjunctivitis on the superior limbus with formation of giant papillae, wart-like protrusions of connective tissue frequently observed on the superior tarsus, are signs of contact lens or preservative incompatibility.

Treatment. The patient should temporarily discontinue wearing the contact lenses, and inflammatory changes should be controlled with steroids until the irritation of the eye has abated. Protracted therapy with topical steroids should bemonitored regularly by an ophthalmologist as superficial epithelial defects heal poorly under steroid therapy. Protracted high-dosage steroid therapy causes a secondary increase in intraocular pressure and cataract in one-third of all patients. The specific ophthalmologic findings will determine whether the patient should be advised to permanently discontinue wearing contact lenses or whether changing contact lenses and cleaning agents will be sufficient.

Bullous Keratopathy

Definition: Opacification of the cornea with epithelial bullae due to loss of function of the endothelial cells.

Epidemiology. Bullous keratopathy is among the most frequent indications for corneal transplants.

Etiology. The transparency of the cornea largely depends on a functioning endothelium with a high density of endothelial cells. Where the endothelium has been severely damaged by inflammation, trauma, or major surgery in the anterior eye, the few remaining endothelial cells will be unable to prevent aqueous humor from entering the cornea. This results in hydration of the cornea with stromal edema and epithelial bullae. Loss of endothelial cells may also have genetic causes.

Symptoms. The gradual loss of endothelial cells causes slow deterioration of vision. The patient typically will have poorer vision in the morning than in the evening, as corneal swelling is greater during the night with the eyelids closed.

Diagnostic considerations. Slit lamp examination will reveal thickening of the cornea, epithelial edema, and epithelial bullae.

Differential diagnosis. Bullous keratopathy can also occur with glaucoma. However, in these cases the intraocular pressure is typically increased.

Treatment. Where the damage to the endothelial cells is not too far advanced and only occasional periods of opacification occur (such as in the morning), hyperosmolar solutions such as 5% Adsorbonac can improve the patient’s eye-sight by removing water. However, this is generally only a temporary solution. Beyond a certain stage a corneal transplant (Penetrating Keratoplasty) is indicated.

6.CORNEAL DEPOSITS, DEGENERATION, AND DYSTROPHIES

As bradytrophic avascular tissue, the cornea is particularly susceptible to deposits of foreign material and degeneration.

Corneal Deposits

Arcus Senilis

This is a grayish-white ring-shaped fatty deposit near the limbus that can occur at any age but usually appears in advanced age. Arcus senilis is usually bilateral and is a frequently encountered phenomenon. It occurs as a result of lipid deposits from the vessels of the limbus along the entire periphery of the cornea, which normally increase with advanced age. A lipid-free clear zone along the limbus will be discernible. Patients under the age of 50 who develop arcus senilis should be examined to exclude hypercholesteremia as a cause. Arcus senilis requires no treatment as it does not cause any visual impairments. The deposits and pigmentations discussed in the following section do not generally impair vision.

Corneal Verticillata

Bilateral gray or brownish epithelial deposits that extend in a swirling pattern from a point inferior to the pupil. This corneal change typically occurs with the use of certain medications, most frequently with chloroquine and amiodarone. Fabry disease (glycolipid lipidosis) can also exhibit these kinds of corneal changes, which can help to confirm the diagnosis.

Argyrosis and Chrysiasis

Topical medications containing silver and habitual exposure to silver in electroplating occupations lead to silver deposits in the conjunctiva and the deep layers of the cornea (argyrosis). Systemic gold therapy (more than 1–2 g) will lead to gold coloration of the peripheral corneal stroma (chrysiasis).

Iron Lines

Any irregularity in the surface of the cornea causes the eyelid to distribute the tear film irregularly over the surface of the cornea; a small puddle of tear fluid will be present at the site of the irregularity. Iron deposits form in a characteristic manner at this site in the corneal epithelium. The most frequently observed iron lines are the physiologic iron deposits at the site where the eyelids close (the Hudson–Stähli line), Stocker’s line with pterygium, Ferry’s line with a filtering bleb after glaucoma surgery, and Fleischer’s ring with keratoconus. Iron lines have also been described following surgery (radial keratotomy; photorefractive keratectomy; keratoplasty) and in the presence of corneal scars.

Kayser–Fleischer Ring

This golden-brown to yellowish-green corneal ring is caused by copper deposits at the level of Descemet’s membrane in Wilson’s disease (liver and lens degeneration with decreased serum levels of ceruloplasmin). This ring is so characteristic that the ophthalmologist often is the first to diagnose this rare clinical syndrome. In the early stages, a Kayser–Fleischer ring is best detected using gonioscopy.

Corneal Degeneration

Calcific Band Keratopathy

After many years of chronic inflammation of the anterior chamber (chronic uveitis and keratitis)with shrinkage of the eyeball or in patients with juvenile polyarthritis, calcific deposits occur in Bowman’s layer, causing a transverse zone of opacification in the region of the palpebral fissure. The limbus region will remain clear. This change significantly impairs vision. The opacification can be completely removed and vision restored by chelating the calcifications with a sodium EDTA solution.

Peripheral Furrow Keratitis

This includes a heterogeneous group of disorders in terms of morphology and etiology. All are noninfectious and lead to thinning and melting of the peripheral cornea that may progress to perforation. Etiologic factors include:

· Autoimmune processes (collagenosis, marginal keratitis, and sclerokeratitis).

· Trophic dysfunctions (pitting due to lack of tear film).

· Unknown degenerative processes (Terrien’s marginal degeneration or Mooren’s ulcer).

These corneal changes are most frequently observed in patients with rheumatoid arthritis. Treating the underlying disorder is essential in these cases. Otherwise the changes are rare. Keratomalacia is a special form of the disorder in which vitamin A deficiency causes xerosis of the conjunctiva combined with night blindness. This disorder remains one of the most frequent causes of blindness in the developing countries in which malnutrition is prevalent.

Corneal Dystrophies

Definition: This term refers to a group of hereditary corneal metabolic dysfunctions that always lead to bilateral opacification of the various layers of the cornea.

Epidemiology. Corneal dystrophy tends to be rare. The most frequent form is Fuchs endothelial dystrophy, followed by epithelial corneal dystrophy.

Etiology. The various corneal dystrophies are genetic disorders. They usually manifest themselves in the first or second decade of life except for Fuchs endothelial dystrophy, which only becomes symptomatic between the ages of 40 and 50.

Classification. The following forms of dystrophy are differentiated according to the individual layers of the cornea in which they occur:

1.) Epithelial corneal dystrophy.

2.) Stromal corneal dystrophy. The most prevalent forms include:

– Granular dystrophy (hyaline deposits).

– Lattice dystrophy (amyloid deposits).

– Macular dystrophy (deposits of acidic mucopolysaccharides).

3) Endothelial dystrophy, such as Fuchs endothelial dystrophy (the most frequently encountered form of corneal dystrophy).

The morphological classification is based on the phenotype assessed with slit lamp examination. In the last decade molecular genetic results led to a genotype classification of corneal dystrophies that regrouped lattice and granular dystrophy as epithelial dystrophies.

Symptoms and diagnostic considerations. All patients suffer from a steadily increasing loss of visual acuity due to the generally gradual opacification of the cornea. This loss of visual acuity may progress to the point where a corneal transplant becomes necessary.

Macular dystrophy is the most rapidly debilitating form of the stromal dystrophies, resulting in a severe loss of visual acuity in the second decade of life.

Epithelial and stromal corneal dystrophies are also often accompanied by painful and recurrent corneal erosion. 

Fuchs endothelial dystrophy involves a gradual loss of endothelial cells that in time leads to bullous keratopathy (hydration of the cornea with stromal edema and epithelial bullae). The patient typically will have poorer vision in the morning than in the evening as corneal swelling is greater during the night with the eyelids closed.

Treatment. Depending on the severity of the loss of visual acuity, a corneal transplant (Penetrating Keratoplasty) may be indicated. Because the cornea remains avascular in these disorders, the prognosis is good.

In Fuchs’ endothelial dystrophy, a corneal transplant is the treatment of choice. Where the symptoms are not too far advanced, frequent application of hyperosmolar solutions can remove water from the cornea. However, this is generally only a temporary solution. The corneal transplant is performed in combination with a cataract extraction; patients with Fuchs’ endothelial dystrophy that affects their vision are usually older and also have a cataract. The two procedures are combined because corneal decompensation often results from Fuchs’ endothelial dystrophy following the surgical trauma of cataract extraction.

7. CORNEAL SURGERY

Corneal surgery includes curative or therapeutic procedures and refractive procedures.

· Curative corneal procedures are intended to improve vision by eliminating corneal opacification.

· Refractive corneal procedures change the refractive power of a clear cornea.

Curative Corneal Procedures

Penetrating Keratoplasty (PKP).

Principle. This involves replacement of diseased corneal tissue with a full-thickness donor graft of corneal tissue of varying diameter. A clear, regularly refracting button of donor cornea is placed in an opacified or irregularly refracting cornea. The corneal button is sutured with a continuous single or double suture or with interrupted sutures. (For special considerations in corneal transplants, see also Morphology and healing.)

Penetrating keratoplasty can be performed as an elective procedure to improve visual acuity or as an emergency procedure (emergency keratoplasty). Emergency keratoplasty is indicated to treat a perforated or nonhealing corneal ulcer to remove the perforation site and save the eye (tectonic keratoplasty).

Indications. Corneal diseases that affect the full thickness of the corneal stroma (corneal scars, dystrophy, or degeneration) or protrusion anomalies such as keratoconus or keratoglobus with or without central corneal opacification.

Allograft rejection (complications). The body’s immune system can respond with a chronic focal allograft rejection or a diffuse allograft rejection. The graft will be become opacified.

Lamellar Keratoplasty (LKP)

Principle. This involves replacement of a particular corneal layer with a partial-thickness donor graft.

The following surgical procedures are possible:

· Anterior lamellar keratoplasty (ALK): replacement of only the superficial stromal opacification with a partial-thickness donor graft of clear corneal tissue.

· Deep anterior lamellar keratoplasty (DALK): the corneal stroma is completely excised and replaced by a clear graft. The donor corneal button is sutured in place with a continuous or interrupted suture.

· Posterior lamellar keratoplasty (POLK): only the internal corneal aspect (endothelial layer, Descemet’s membrane and the adjacent stroma) is replaced by a graft. The superficial corneal stroma and epithelial layer stay in place.

Indications. The ALK is a suitable procedure for opacities and scarring of the superficial corneal stroma (posttraumatic, degenerative, dystrophic and postinflammatory).

For ALK an intact Descemetmembrane and a healthy endothelial layer are necessary, as well as for DALK. DALK is a feasible procedure for deep stromal opacities and scarring.

POLK is used for the treatment of diseases of the corneal endothelial layer (Fuchs corneal dystrophy, pseudophakic bulbous keratopathy). This fascinating, relatively new procedure leaves most of the outer corneal aspects intact.

Allograft rejection (complications). Allograft rejection is less frequent than in the case of penetrating keratoplasty. There is also less danger of infection as lamellar keratoplasty does not involve opening the globe.

Phototherapeutic Keratectomy.

Principle. Superficial corneal scars can be ablated with an excimer laser (wavelength of 193 nm). The lesion is excised parallel to the surface of the cornea to avoid refractive effects. The edges of the ablated area are merged smoothly with the rest of the corneal surface, eliminating any irregularities.

Indications. Indications are identical to those for lamellar keratoplasty. However, this method is only suitable for ablation of relatively superficial corneal opacifications—i.e., in the upper 20% of the corneal stroma.

Disadvantage. Despite attempting ablation parallel to the surface of the cornea, phototherapeutic keratectomy often creates a hyperopic effect.

Refractive Corneal Procedures

Refractive corneal surgery—i.e., the surgical treatment of refractive errors— has developed into a separate field in recent years. Refractive errors are common in the population. In Germany, about 60% over the age of 16 wear spectacles, and another 3% have contact lenses. The percentage of refractive errors increases with age; in those between 20 and 30 years of age about one-third have refractive errors, in those between 30 and 44 the figure is 40%, in those between 45 and 59 it is 76%, and in those over the age of 60 it is 94%. Refractive errors occurring in patients over the age of 45 is classified as presbyopia.

Different surgical procedures cover the whole field of correction of refractive errors.

Astigmatic Keratotomy (AK)

Principle. Limbus-parallel incisions of the cornea in the steep meridian make the cornea flatter and reduce the dioptric power in this meridian. The longer the incision and the closer to the center of the cornea, the greater the flattening effect. Every corneal incision is a relaxing incision.

Indications. Higher degree, regular astigmatism, e.g., status post penetrating keratoplasty. A maximum of 5 diopters can be corrected.

Advantage. Well-established procedure with incisions outside the optical axis.

Disadvantage. An effect is only observable in very deep incisions (90–95% of corneal depth). In general, the refractive outcome of the procedure is hard to calculate.

Radial Keratotomy (RK)

Radial keratotomy was the first refractive operation that was developed, and it opened up the field of refractive surgery. Due to numerous disadvantages, RK is a procedure of limited importance today.

Principle. Correction of myopia by flattening the central dome of the cornea with four to 16 radial incisions extending through as much as 90% of the thickness of the cornea. This increases the steepness of the corneal periphery and lowers the center of the cornea, reducing its refractive power. This method does not influence the optical center of the cornea.

Indications. Moderate myopia (less than 6 diopters).

Advantage. Incisions are outside the optical axis.

Disadvantage. The outcome of the operation is influenced by the initial refraction, intraocular pressure, corneal thickness and patient’s age and sex. Refractive fluctuations of up to 1.5 diopters during the course of a day can also have a negative influence on surgical results. In one-fifth of all cases refraction becomes unstable within a year.

Conductive Keratoplasty (Holmium Laser Coagulation, High-Frequency Coagulation)

Principle. The holmium laser or the high-frequency device is focused on the corneal stroma to create shrinkage effects by heat development. Placing the areas symmetrically steepens the central cornea, which can correct hyperopia to some degree.

Indications. Hyperopia correction up to 3.0 diopters.

Advantage. Established procedure with surgical effects outside the optical axis.

Disadvantage. Remaining stromal scars can lead to glare.

INTACS—Intrastromal Corneal Ring Segments (ICRS) and Rod Segments

Principle. Via two small corneal incisions, semicircular intrastromal tunnels are created and two clear polymethylmethacrylate (PMMA) ring segments are implanted. Between these ring segments the central cornea flattens and myopia is corrected. To correct hyperopia over peripheral incisions six straight rod segments are placed in the corneal stroma producing a steeper corneal center. The refractive power depends on the thickness of the implanted ring or rod segment.

Indications. Myopia correction up to – 4.0 diopters, hyperopia correction up to + 2.0 diopters.

Advantage. The center of the corneal (optical axis) remains untouched. INTACS can be removed easily, if necessary.

Disadvantage. Occasional glare problems can occur due to accumulation of fat around the segments. In addition, vascularization of the cornea adjacent to the segments or erosion of the corneal stroma over the segments is reported.

Photorefractive Keratectomy (PRK)

Principle. Tissue is ablated to change the corneal curvature and to achieve a refractive correction. Flattening the corneal curvature corrects myopia, whereas steepening the curvature corrects hyperopia. The amount of tissuere moved at different sites can be varied with layer by layer excimer laser ablation and the use of apertures. This makes it possible to correct form yopia, by removing more tissue from the centre of the cornea, or for hyperopia, by removing more tissue from the periphery.

Indications. Correction of myopia up to – 6.0 diopters, hyperopia correction up o + 3.0 diopters, astigmatism up to 3.0 diopters.

Advantage. Established procedure, with a 95% success rate and good long term results.

Disadvantage. Occasionally painful during the phase in which the previously removed corneal epithelium rows back over the ablation area. Vision may be unstable in the immediate postoperative period. A persistent sensitivity to glare due to central corneal opacification (haze) is possible.

Excimer Laser Epithelial Keratomileusis (LASEK)

Principle. The superficial corneal layer (epithelium) is loosened with alcohol and set aside, or removed with a special designed microtome. Then the refractive procedure is performed with the excimer laser (PRK). Finally the epithelial layer is brought back to recover the cornea again and held in place with a soft contact lens.

Indications. Myopia correction up to – 6.0 diopters, occasionally up to – 8.0 diopters. Hyperopia up to + 3.0 diopters, astigmatism up to 3.0 diopters.

Advantage. Procedure is suitable even in thinner corneas, and for larger ablation areas. Less glare problems than in PRK.

Disadvantage. Occasionally pain due to an incomplete epithelial layer. Myopic corrections of 6.0–8.0 diopters are the limit of this surgical procedure.

Excimer Laser In Situ Keratomileusis (LASIK)

Principle. Myopia is corrected with preservation of Bowman’s layer. A superficial corneal flap (approximately 160 µm) is created with a microkeratome. The keratome is withdrawn, the flap is reflected, and the exposed underlying corneal stroma is ablated with an excimer laser to correct the myopia. Then the flap is repositioned on the corneal bed and fixed in place by force of its own adhesion.

Indications. Myopia correction up to – 8.0 diopters, occasionally – 10.0 diopters. Hyperopia correction up to + 3.0 diopters, astigmatism up to + 3.0 diopters.

Advantage. Fast visual recovery, stable results, no pain. A secondary enhancement can be achieved by relifting of the flap and additional laser treatment.

Disadvantage. Postoperative dry eye syndrome (80% of corneal nerves are cut by the microkeratome). Glare problems occur occasionally. Flap complications are rare but severe (free cap, lost flap, “buttonhole” folds). Biomechanical properties of the cornea need to be respected. If too much stromal tissue is ablated, corneal ectasia may result.

Wavefront Correction (Aberrometry)

In addition to spherical and cylindrical refractive errors, there are so-called higher-order aberrations. These deficiencies of the optical system can be corrected with special excimer laser programs (wavefront guided ablation) during PRK, LASIK or LASEK procedures.

Implanted Contact Lens (ICL)

Principle. Over a 3mm limbal tunnel incision, a foldable intraocular lens is implanted and positioned in the posterior chamber between iris and crystalline lens.

Indications. Myopic corrections from– 10.0 to – 20.0 diopters. Hyperopic corrections from + 3.0 to + 8.0 diopters, astigmatism up to 2.0 diopters.

Advantage. Cornea remains intact. The ICL can be removed or exchanged.

Bioptic (Intraocular Lens Implantation and LASIK)

Principle. This is a two step procedure. The first step is the flap preparation of the LASIK. The flap is replaced. Then a phakic intraocular lens (phakic IOL) is placed in the anterior or posterior chamber or iris-fixated.

After about 8–12weeks the “fine tuning” of the procedure can be performed by relifting the flap, targeting the desired refractive result by excimer laser ablation.

Indications. Myopic corrections from – 10.0 diopters up to – 28.0 diopters. Hyperopic corrections up to + 7.0 diopters, astigmatism up to 3.0 diopters.

Advantage. Combination of two established procedures. The precise refractive goal can be achieved by the second step enhancement. The phakic intraocular lens (IOL) can be explanted.

Disadvantage. Intraocular procedure, glare, development of glaucoma and cataract, dry eye syndrome.

Clear Lens Extraction (CLE)

Principle. CLE is the removal of a clear crystalline lens, using the same procedure performed for regular cataract extraction (phacoemulsification over a 3mm tunnel incision). The implantation of an IOL with the patient’s target refraction completes the procedure.

Indications. Myopic corrections up to – 28.0 diopters, hyperopia corrections up to + 8.0 diopters, astigmatism up to 3.0 diopters.

Advantage. Established procedure of IOL implantation. Implantation ofmultifocal IOLs possible as pseudoaccommodative procedure.

Disadvantage: Intraocular procedure. In high myopic patients, a higher risk of postoperative retinal detachment is encountered.

SCLERA

1. BASIC KNOWLEDGE

Function. The sclera and the cornea form the rigid outer covering of the eye. All six ocular muscles insert into the sclera.

Morphology. The sclera is fibrous, whitish-opaque, and consists of nearly acellular connective tissue with a higher water content than the cornea. The sclera is thickest (1mm) anteriorly at the limbus of the cornea, where it joins the corneal stroma, and at its posterior pole. It is thinnest (0.3mm) at the equator and beneath the insertions of the rectus muscles. The site where the fibers of the optic nerve enter the sclera is known as the lamina cribrosa. In the angle of the anterior chamber, the sclera forms the trabecular network and the canal of Schlemm. The aqueous humor drains from there into the intrascleral and episcleral venous plexus through about 20 canaliculi.

Neurovascular supply. Vortex veins and the short anterior and posterior ciliary arteries penetrate the sclera. The ciliary nerves pass through the sclera from posterior to anterior.

2. EXAMINATION METHOD

The anterior portion of the sclera about as far back as the equator can be examined directly with a slit lamp. Evaluation of the sclera posterior to the equator requires indirect methods such as ultrasound.

Transillumination can provide evidence of possible abnormal changes in the posterior sclera. However, this method is not as precise as an ultrasound study.

3. COLOR CHANGES

The sclera is normally a dull white, like porcelain. Altered color suggests one of the following changes:

· Conjunctival and/or ciliary injection and inflammation will give the sclera a red appearance.

· A sclera that is very thin will appear blue because of the underlying choroid (this occurs in the newborn, in osteogenesis imperfecta, and following inflammation).

· In jaundice, the sclera turns yellow.

· In ochronosis (alkaptonuria), the sclera will take on brownish color. This hould be distinguished from pigmented changes in the conjunctiva.

4. STAPHYLOMA AND ECTASIA

Staphyloma refers to a bulging of the sclera in which the underlying uveal tissue in the bulge is also thinned or degenerated. By far the most common form is posterior staphyloma in severe myopia, a bulging of the entire posterior pole of the eyeball. Staphyloma can also occur secondary to scleritis. Ectasia is a thinning and bulging of the sclera without uveal involvement, as can occur secondary to inflammation. Both staphyloma and ectasia are secondary or incidental findings. No treatment is available.

5. TRAUMA

The sclera is frequently involved in penetrating trauma. Deep injuries that extend far posteriorly usually also involve the choroid and retina. Surgery to treat larger injuries extending 8mmpast the limbus should also include a retinal repair (retinal cryopexy or retinal tamponade).

6. INFLAMMATIONS

Inflammations are the most clinically significant scleral changes encountered in ophthalmologic practice. They more often involve the anterior sclera (episcleritis and anterior scleritis) than the posterior sclera (posterior scleritis).

Classification. Forms of scleral inflammation are differentiated as follows:

1.) Location. Anterior or posterior—i.e., anterior or posterior to the equator of the globe.

2.) Depth
– Superficial (episcleritis)

– Deep (scleritis)

3.) Nature
– Diffuse (usually scleritis)

– Circumscribed or segmental (episcleritis)

– Nodular, with formation of small mobile nodules (scleritis and episcleritis)

– Necrotizing (scleritis only)

– Nonnecrotizing (scleritis only)

Episcleritis

Definition: Circumscribed, usually segmental, and generally nodular inflammation of the episclera (connective tissue between sclera and conjunctiva).

Epidemiology. Episcleritis is the most common form of scleral inflammation.

Etiology. Episcleritis is rarely attributable to one of the systemic underlying disorders listed in Table 2, and is only occasionally due to bacterial or viral inflammation. Often episcleritis will have no readily discernible cause.

Symptoms. Episcleritis can be unilateral or bilateral. It is usually associated with segmental reddening and slight tenderness to palpation.

Findings. The episcleral vessels lie within the fascial sheath of the eyeball (Tenon’s capsule) and are arranged radially. In episcleritis, these vessels and the conjunctival vessels above them become hyperemic. Tenon’s capsule and the episclera are infiltrated with inflammatory cells, but the sclera itself is not swollen. The presence of small mobile nodules is typical of nodular episcleritis.

Differential diagnosis. The disorder should be distinguished from conjunctivitis (see next paragraph) and scleritis. The conjunctival blood vessels are the most superficial; the episcleral vessels lie within Tenon’s capsule and are arranged radially. When vasoconstrictive eyedrops are applied, the conjunctival injection will disappear but not the episcleral injection. This makes it possible to distinguish conjunctivitis from episcleritis.

Treatment and prognosis. Episcleritis usually resolves spontaneously within 1–2weeks, although the nodular form can persist for extended periods of time. Severe symptoms are treated with topical steroids (eyedrops) or with a nonsteroidal anti-inflammatory agent.

Scleritis

Definition: Diffuse or localized inflammation of the sclera. Scleritis is classified according to location:

· Anterior (inflammation anterior to the equator of the globe).

· Posterior (inflammation posterior to the equator of the globe).

Anterior scleritis is further classified according to its nature:

· Nonnecrotizing anterior scleritis (nodular or diffuse).

· Necrotizing anterior scleritis (with or without inflammation).

Tab. 2. Systemic diseases that can cause scleritis

	Frequent causes
	Rare causes



	Rheumatoid arthritis
	Tuberculosis

	Polymyositis
	Lues

	Dermatomyositis
	Borreliosis

	Ankylosing spondylitis
	Reiter syndrome

	Spondylarthritis
	

	Vasculitis
	

	Wegener’s granulomatosis
	

	Herpes zoster ophthalmicus
	

	Syphilis
	

	Gout
	


Epidemiology. Scleritis is far less frequent than episcleritis. Patients are generally older, and women are affected more often than men.

Etiology. Approximately 50% of scleritis cases (which tend to have severe clinical courses) are attributable to systemic autoimmune or rheumatic disease, or are the result of immunologic processes associated with infection. This applies especially to anterior scleritis. Posterior scleritis is not usually associated with any specific disorder. As with episcleritis, scleritis is only occasionally due to bacterial or viral inflammation.

Symptoms and findings. All forms except for scleromalacia perforans are associated with severe pain and general reddening of the eye.

Anterior nonnecrotizing scleritis (nodular form). The nodules consist of edematous swollen sclera and are not mobile (in contrast to episcleritis).

Anterior necrotizing scleritis (diffuse form). The inflammation is more severe than in the nodular form. It can be limited to a certain segment or may include the entire anterior sclera.

Anterior necrotizing scleritis with inflammation. Circumscribed reddening of the eyes is a typical sign. There may be deviation or injection of the blood vessels of the affected region, accompanied by avascular patches in the episcleral tissue. As the disorder progresses, the sclera thins as the scleral lamellae of collagen fibrils melt, so that the underlying choroid shows through. The inflammation gradually spreads from its primary focus. Usually it is associated with uveitis.

Anterior necrotizing scleritis without inflammation (scleromalacia perforans). This form of scleritis typically occurs in female patients with a long history of seropositive rheumatoid arthritis. The clinical course of the disorder is usually asymptomatic and begins with a yellow necrotic patch on the sclera. As the disorder progresses, the sclera also thins so that the underlying choroid shows through. This is the only form of scleritis that may be painless.
Posterior scleritis. Sometimes there will be no abnormal findings in the anterior eye, and pain will be the only symptom. Associated inflammation of the orbit may result in proptosis (exophthalmos) and impaired ocular motility due to myositis of the ocular muscles. Intraocular findings may include exudative retinal detachment and/or choroidal detachment. Macular and optic disc edema are frequently present. The reddening in scleritis is due to injection of the deeper vascular plexus on the sclera and to injection of the episclera. Inspecting the eye in daylight will best reveal the layer of maximum injection.

Differential diagnosis. Conjunctivitis and episcleritis.

Treatment. Anterior nonnecrotizing scleritis. Topical or systemic nonsteroidal anti-inflammatory therapy.

Anterior necrotizing scleritis with inflammation. Systemic steroid therapy is usually required to control pain. If corticosteroids do not help or are not tolerated, immunosuppressive agents may be used.

Anterior necrotizing scleritis without inflammation (scleromalacia perforans). As no effective treatment is available, grafts of preserved sclera or lyophilized dura may be required to preserve the globe if the course of the disorder is fulminant.

Posterior scleritis. Treatment is the same as for anterior necrotizing scleritis with inflammation.







48
2

