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Questions

1.What does it mean to have a phakic eye or an aphakic eye? 
2. What are the layers of the lens and what is removed in cataract surgery? 
3. When you accommodate (look at near objects) do the zonules relax or tighten? 
4. What are the two functions of the ciliary body? 
5. By what mechanism can a diabetic patient have a temporary refractive error? 
6. Why do yellow sunglasses make images seem sharper? 
7. How soon should a child with a cataract go to surgery?
8. How can a cataract cause glaucoma? 
9. What measurements must you have to calculate a lens implant power? 
10. How much of the lens is removed in typical cataract surgery? 
11. What’s the difference between and PCO and a PSC cataract?
12. What does it mean to place a lens “in the sulcus?” 
13. What drops are given after a cataract surgery? 
14. How are PCO cataracts removed?
15. What eyedrop medication is associated with cataract formation?

16. What holds the lens in place?

17. What is a NSC and who gets them?

18. What is a PCO and who gets them?

19. What is a PSC and who gets them?

20. What is more visually significant, an anterior or posterior located cataract?

21. What is PHACO?

22. What layer of the lens is left behind with cataract surgery?
23. How are chemical injuries to the eye treated?

24. How are metal foreign bodies removed from the cornea?

25. How do you diagnose a corneal abrasion?

26. How do you diagnose a corneal perforation?

27. How do you evaluate a patient with suspected open-globe?

28. How might an inflammed conjunctiva be a good prognostic sign in cases of chemical eye injury?

29. What chemical is worse to get in the eye, an acid or base?

30. What exam findings should you document with an orbital wall fracture?

31. What is a layer of blood inside the anterior chamber called?

32. What is the surgical approach when sewing up lid-margin lacerations?

33. What is traumatic iritis, and how do you treat it?

34. What kind of orbital wall fracture needs to be repaired?

35. What medication should you avoid in a sickle-cell patient with a hyphema?

36. What might make you suspicious for a foreign body inside the eye?

37. What’s the most problematic location for a lid laceration?

38. Which orbital bone is most likely to fracture with blunt orbital trauma?

39. Which type of sickle cell patient has more eye problems: type SC or SS?

40. Why do we dilate eyes with internal inflammation?

LENS AND CATARACT DISEASES 

Introduction

The crystalline lens is a biconvex, avascular, transparent structure enclosed by a capsule, a basement membrane secreted by the lens epithelium. The capsule, responsible for moulding the lens substance during accommodation, is thickest in the equatorial zone and thinnest at the posterior pole of the lens. A ring of zonular fibres, which insert in the equatorial region, suspends the lens from the ciliary body. A monolayer  of epithelium lines only the anterior and eguatorial lens capsule. Cells in the equatorial region exhibit mitonic activity. Newly formed epithelial cells elongate to form fibres, which lose their organelles, thus optimizing lens transparency. Lens substance may be conceptualized as consisting of the nucleus, the central compacted core, which is surrounded by the cortex. New lens fibres are continuously laid down subcapsularly throughout life, resulting in the older layers acquiring progressively deeper localizations within the lens substance. The lens thus grows, in both anteroposterior and equatorial dimensions, throughout life. The normal lens is  transparent; any congenital or acquired opacity in the lens capsule or substance, irrespective of the effect on vision, is a cataract.

ACQUIRED CATARACT

Age-related cataract.  

I. Morphological classification:
1. Subcapsular cataract:  A) anterior subcapsular  cataract lies directly under the lens capsule and is associated with fibrous metaplasia of the lens epithelium. B) posterior subcapsular cataract lies just in front of the posterior capsule and manifests a vacuolated, granular or plaque-like appearance. Due to its location al the nodal point of the eye, a posterior subcapsular opacity has a more profound effect on vision than a comparable nuclear or cortical cataract. Patients arc particularly troubled under conditions of miosis, such as produced by headlights of oncoming cars and bright sunlight. JSiear vision is also frequently impaired more than distance vision.
2. Nuclear cataract starts as an exaggeration of the normal ageing changes involving the lens nucleus. It is often associated with myopia due to an increase in the refraclive index of the lens nucleus and also with increased spherical aberration. Some elderly patients may consequently be able to read again without spectacles (’second sight of the aged’). Nuclear sclerosis is charac​terized in its early stages by a yellowish hue due to the deposition of urochrome pigment. When advanced the nucleus appears brown (a brunescent cataract). Such cataracts are of hard consistency, which is surgically relevant.
3. Cortical cataract may involve the anterior, posterior or equatorial cortex. The opacities start as clefts and vacuoles between lens fibres due to hydration of the cortex. Subsequent opacification results in typical cuneiform (wedge-shaped) or radial spoke-like opacities, often initially in the inferonasal quadrant. Both
cortical and subcapsular cataracts are white on oblique illumination and appear black, silhouetted against the red reflex, on retroillumination. 

4. Christmas tree cataract, which is uncommon, is characterized by striking, polychromatic, needle-like deposits in the deep cortex and nucleus which may be solitary or associated with other opacities.

II. Classification according to maturity: 

1. An immature cataract is one in which the lens is partially opaque. 

2. A mature cataract is one in which the lens is completely opaque. 

3. A hypermature cataract  has a shrunken and wrinkled anterior capsule due to leakage of water out of the lens. 

4. A morgagnian cataract is a hypermature cataract in which total liquefaction of the cortex has allowed the nucleus to sink inferiorly.

Presenile cataract
Cataract may develop early in the following conditions:
I. Diabetes mellitus, in addition to caus​ing cataract, can affect the refractive index of the lens and also its amplitude of accommodation: A.) Classical diabetic cataract is rare. Hyperglycaemia is reflected in a high level of glucose in the aqueous humour, which diffuses into the lens. Here glucose is metabolized by aldose reductase into sorbitol, which then accumulates within the lens, resulting in secondary osmotic overhydration of the lens substance. In mild degree, this may affect the refractive index of the lens with consequent fluctuation of refraction  pari passu  with the plasma glucose level (hyperglycaemia resulting in myopia). Cortical fluid vacuoles develop and later evolve into frank opacities. Classical diabetic cataract consists of snowflake cortical opacities occurring in the young diabetic. Such a cataract may resolve spontaneously or mature within a few days. B) Age-related cataract occurs earlier in diabetes mellitus. Nuclear opacities are common and- tend to progress rapidly. C) Premature presbyopia may be seen due to reduced pliability of the lens.

II. Myotonic dystrophy. About 90% of patients develop visually innocuous, fine cortical iridescent opacities in the third decade, which evolve into

visually disabting stellate posterior subcapsular cataract by the fifth decade. Occasionally cataract may antedate myotonia. 

III. Atopic dermatitis. About 10% of pa​tients with severe atopic dermatitis develop cataracts in the second to fourth decades. The opacities are often bilateral and may mature quickly.  A) Shield-like dense anterior subcapsular plaque which wrinkles the anterior capsule is characteristic. B)Posterior subcapsular opacities resembling a complicated cataract may also occur. 

IV. Neurofibromatosis type 2 is associated with posterior subcapsular or posterior cortical opacities.

Traumatic cataract
Trauma is the most common cause of unilateral cataract in young individuals. The following may be responsible: 

I. Direct penetrating injury to the lens. 

II. Concussion may cause an ‘imprinting’ of iris pigment on the anterior lens capsule (Vossius ring) as well as striking flower-shaped cortical opacities (rosette cataract). 

III. Electric shock and lightning are rare causes. 

IV. Ionizing radiation to ocular tumours. 

V. Infrared radiation, if intense as in glassblowers may rarely cause true exfoliation or lamellar delamination of the anterior lens capsule in which the superficial portion of a thickened capsule splits from the deeper layer and extends into the anterior chamber. This condition is distinet from pseudoexfoliation in which fibrillary material is deposited on the anterior lens surface and other ocular structures.
Drug-induced cataract 

I. Steroids, both systemic and topical, are cataractogenic. The lens opacities are initially posterior subcapsular; later the anterior subcapsular region becomes affected. The relationship between weekly systemic dose, duration of administration, total dose and cataract formation is unclear. It is thought that patients on less than 10 mg prednisolone (or equivalent), or treated for less than 4 years, may be immune. Although it is believed that children may be more susceptible to the cataractogenic effects of systemic steroids, individual (genetic) susceptibility may also be of relevance. It has therefore been suggested that the concept of a safe dose be abandoned. Patients who develop lens changes should have their dosage reduced to a minimum consistent with control of the underlying disease, and if possible be considered for alternate-day therapy. Early opacities may regress if therapy is dis​continued; alternatively progression may occur despite withdrawal and warrant surgical intervention. 

II. Chlorpromazine may cause the deposition of innocuous, fine, stellate, yellowish-brown granules on the anterior lens capsule within the pupillary area. Diffuse, granular deposits on the corneal endothelium and in the deep stroma may also occur. Both lenticular and corneal deposits arc dose-related and usually irreversible. In very high doses (>2400 mg daily) this drug may cause retinotoxicity. 

III. Busulphan (Myleran), used in the treatment of chronic myeloid leukaemia, may occasionally cause lens opacities. 

IV. Amiodarone, used in the treatment of cardiac arrhy​thmias, causes visually inconsequential anterior sub​capsular lens deposits in about 50% of patients on moderate to high doses. Vortex keratopathy may also occur. 

V. Gold, used in the treatment of rheumatoid arthritis, causes innocuous anterior capsular deposits in about 50% of patients on treatment for longer than 3 years. 

VI. Allopurinol, used in the treatment of hyperuricaemia and chronic gout, increases the risk of cataract formation in elderly patients, if the cumulative dose exceeds 400 g or duration of administration exceeds 3 years.

Secondary cataract

A secondary (complicated) cataract develops as a result of some other pri-

mary ocular disease. 

I. Chronic anterior uveitis is the most common cause of secondary cataract. The earliest finding is a polychromatic lustre at the posterior pole of the lens which may not progress if the uveitis is arrested. If the inflammation persists, posterior and anterior opacities develop and may progress to maturity. Lens opacities appear to progress more rapidly in the presence of posterior synechiae. 

II. Acute congestive angle-closure glaucoma may cause small, grey-white, anterior, subcapsular or capsular opacities within the pupillary area. They represent focal infarcts of the lens epithelium and are pathognomonic of past acute angle-closure glaucoma. 

III. High (pathological) myopia is associated with posterior subcapsular lens opacities and early-onset nuclear sclerosis, which may ironically increase the myopia refractive error. Simple myopia, however, is not associated with such cataract formation. 

IV. Hereditary fundus dystrophies such as retinitis pigmentosa, Leber congenital amaurosis, gyrate atrofia and Stickler syndrome may be associated with posterior subcapsular lens opacities. Cataract surgery may occasionally improve visual acuity even in the presence of severe retinal changes.

MANAGEMENT OF AGE-RELATED CATARACT

Indications for surgery. 1. Visual improvement is by far the most соmmon indication for cataract surgery, although requirement vary from person to person. Surgery is indicated only if and when cataract develops to a degree sufficient to саuse difficulty in performing daily essential activities. If the patient desires lo drive or continue a specific occupation, visual function below legally prescribed levels may necessitate cataract surgery. 2. Medical indications are those in which a cataract is adversely affecting the health of the eye, for example, phacolytic glaucoma or phacomorphic glaucoma. Cataract surgery to improve the clarity of the ocular media may also be required in the context of fundal pathology (e.g. diabetic retinopathy) requiring monitoring or treatment with laser photocoagulation. 3. Cosmetic indications are rare, such as when a mature cataract in an otherwise blind eye is removed to restore a black pupil.

Preoperative evaluation. Apart from a general medical examination, a patient due to undergo cataract surgery requires a detailed and pertinent ophthalmic examination, with special regard lo the following: 1) Cover test. A heterotropia may indicate amblyopia, which carries a guarded visual prognosis, or the possibility of diplopia if the vision is improved. 2) Pupillary responses. Because a cataract never produces an afferent pupillary defect, its presence implies additional pathology, which may influence the final visual outcome. 3) 
Ocular adnexa. Dacryocystitis, blepharitis, chronic conjunctivitis, lagophthalmos, ectropion, entropion and tear film abnormalities may predispose lo endophthalmitis and require effective preoperative treatment. 4) Cornea. A wide arcus senilis or stromal opacities may prejudice a good surgical view. Guttata indicate endothelial dysfunction and consequent vulnerability to decompensation secondary to operative trauma. 5) Anterior segment. A shallow anterior chamber can render cataract surgery difficult. Pseudoexfoliation indicates a weak zonule, with the possibility of problems during surgery. A poorly dilating pupil can make cataract surgery difficult. Recognition of this allows intensive preoperative mydriatic drops or planned stretching of the pupil prior to capsulorhexis. A poor red reflex compromises the performance of a good capsulorhexis. This can be overcome by staining the capsule with a dye such as trypan blue. 6) Lens. The type of cataract is relevant. Nuclear cataracts lend to be hard and require more phaco power, while cortical and subcortical cataracts tend to be softer. 7) Intraocular pressure. Any glaucoma or ocular hypertension must be noted. 8) Fundus. Recognition of fundal pathology such as age-related macular degeneration, which may affect the visual outcome. 

Biometry. Surgical removal of the crystalline lens subtracts approximately 20 D from the refracting system of the eye. The aphakic eye is grossly hypermetropic; modern cataract surgery therefore involves the implantation of an intraocular lens (IOL), ideally in the same location as the surgically removed crystalline lens. Biometry affords calculation of the lens power likely to result in emmetropia or, alternatively, a desired postoperative refractive error. In its simplest form, biometry involves two ocular parameters: (a) keratometry— the curvature of the anterior corneal surface (steepest and flattest meridians), expressed in dioptres or millimetres of radius of curvature and (b) axial length—the anteroposterior dimension of the eye in millimetres, measured on A-scan ultrasonography. 

SRK formula. Perhaps the most commonly used mathematical formula to calculate IOL power is that developed by Sanders, Retzlaff and Kraff which states that 

P = A- 2.5L - 0.9K

P is the lens power required to generate postoperative emmetropia. 
A is the A constant, which varies (between 114 and 119) with different IOLs. 
L is the axial length in millimetres. К is the average keratometry reading in dioptres. Numerous other formulae, incorporating additional parameters such as anterior chamber depth and individualized surgeon factors have been developed to optimize the accuracy of preoperative prediction. 

Postoperative refraction. Emmetropia is perhaps the ideal postoperative refraction, with spectacles needed only for close work (since an IOL cannot accommodate). In practice, most surgeons aim for a small degree of myopia (about 0.25 D) to offset possible error in biometry. This is because a slight degree of myopia is acceptable in most patients, and may even be advantageous, while postoperative hypermetropia, which necessitates spectacles for clear vision at all distances, is poorly tolerated. The planning of postoperative refraction also needs to take account of the other eye. If the other eye has clear vision with a significant refractive error and is unlikely to require surgery, then postoperative refraction should be targeted at within 2 D of the other eye, to avoid problems with binocular coordination. 

Anaesthesia. Evidence for the benefit of local anaesthesia (LA) over general anaesthesia (GA) for most intraocular procedures is sparse. The choice is generally determined by patient preference and the clinical judgement of the surgical team. Day-case cataract surgery under LA is safe and generally preferred by patients and staff alike. It affords significant economic benefits and is the option of choice. 

1. Retrobulbar block is given into the muscle cone behind the globe close to the ciliary ganglion with a 1.5 inch (38 mm) needle. It also provides akinesia so that ocular movements are greatly decreased or eliminated altogether. Retrobulbar injection requires considerable skill and experience and is occasionally associated with serious complications such as orbital haemorrhage, penetration of the globe, intravascular injection, damage to the optic nerve and brain stem anaesthesia. Temporary problems include ptosis and diplopia. Retrobulbar anaesthesia often requires a separate facial block to paralyse the orbicularis oculi. 

2.Peribulbar block is given through the skin or conjunctiva with a 1 inch (25 mm) needle. More than one injection and a greater volume of anaesthetic agent is required compared with retrobulbar block. Because the needle is shorter the risk of brain stem anaesthesia is reduced although haemorrhage and ocular penetration may occur. 

3. Parabulbar (sub-Tenon) block involves passing a blunttipped cannula through an incision in the conjunctiva and Tenon capsule 5 mm from the Iimbus, and along the sub-Tenon space. The anaesthetic is injected beyond the equator of the globe. Although anaesthesia is good and complications minimal, akinesia is variable. 

4. Topical-intracameral anaesthesia involves initial surface anaesthesia with drops or gel (proxymetacaine 0.5%, lignocaine 4%) and inlracameral injection or infusion of diluted preservative-free anaesthetic.

Intraocular lenses

1. Positioning. An IOL consists of the optic (the central refracting clement) and the haptics, which sit in contact with the ocular structures (capsular bag, ciliary sulcus or anterior chamber angle), thus affording optimal and stable position (centralion) оf the optic. Modern cataract surgery, with preservation of the capsular ‘bag’, affords positioning of the IOL in the ideal location—‘in the bag’. Complicated surgery, with rupture of the posterior capsule, may, however, necessitate alternative positioning of the IOL, in the posterior chamber (with haptics in the ciliary sulcus) or in the anterior chamber with the haptics supported in the chamber angle. The latter is designated an AC-IOL in contrast lo the former two. which are PC-IOLs. 

2. Designs are numerous and continue to evolve. The lenses may be rigid or flexible. A rigid IOL requires an incision larger than the diameter of the optic, often 5-6.6 mm, for insertion. A flexible IOL, however, may be folded with forceps or loaded into an injector/delivery system and inserted through a much smaller incision, often 2.5-3 mm. Haptics are made from polymethylmethacrylate (PMMA), polypropylene tProline) or polyamide and may be in the form of loops or plates. In a one-piece IOL the haptics and optic are made from the same material and have no joints; a three-piece IOL is characterized by optics and haptics from different materials, which necessarily are joined together. Optics may also be of different sizes and shapes. Conventional IOLs are monofocal: lately multifocal designs that allow clear vision at different distances are being developed.

3.Rigld lOLs are made entirely from PMMA. The position of PMMA varies depending on the manufacturing process. Compression-moulded and lathe-cut IOLs require high-molecular-weight PMMA, while injection-moulded lenses need lower-molecular-weight PMMA. Modern lOLs are one-piece to facilitate maximal stability fixation. 

4.Foldable lOLs are made from the following materials: silicone, acrylic lOLs, hydrogel, collamer.

Cataract surgery 
1.Extracapsular cataract extraction (ECCE) requires relatively large circumferential limbal incision (8-10 mm) through which the lens nucleus is extracted and the cortical matter aspirated, leaving behind an intact posterior capsule. The IOL is then inserted.

2.Phacoemulsification has become the рrefered method of cataract extraction over the last decade. A hollow needle, usually titanium, attached to containing a piezo-electric crystal, vibrates longitudinally at ultrasonic frequencies. The tip is applied to the lens nucleus cavitation occurs at the tip as the nucleus is emulsificate an irrigating/aspiration system removes this emulsified material from the eye. The IOL is then inserted (if folded) or injected through a much smaller incision than in ECCE. The smoller incision renders the operation safer, since decompressioned  the eye is avoided; this reduces the incidence of орerate complications such as suprachoroidal haemorrhage. Shallowing of the anterior chamber and vitreous prolaps in the event of rupture of the posterior capsule, in addition the procedure is associated with little postoperative astigmatism and early stabilization of refraction (usually 3 weeks). The operative wound-related problems such as iris prolapse almost eliminated. 

Operative complications. 1) Rupture of the posterior capsule; 2) Posterior loss of fens fragments; 3) Posterior dislocation of IOL; 4) Suprachoroidal haemorrhage; 5) Acute and Delayed chronic postoperative endophthalmitis; 6) Postoperative capsular opacification; 7) Malposition of IOL; 8)Corneal oedema; 9) Iris prolapse; 10) Retinal detachment.

CONGENITAL CATARACT

 Congenital cataracts occur in about 3:10000 live births: two- thirds of cases are bilateral. The cause of cataract formation can be identified in about half of those with bilateral opacities. The most common cause is genetic mutation, usually AD. Other causes include chromosomal abnormalities such as Down syndrome, metabolic disorders such as galactosaemia and intrauterine insults such as rubella infection. Congenital cataract may also occur as part of a complex developmental disorder of the eye such as aniridia.
Cataract without systemic associations. Isolated hereditary cataracts. These account for about 25% of cases. The mode of inheritance is most frequently AD but may be autosomal recessive (AR) or X-linked (X-L). The morphology of the opacities and also frequently the need for surgery are usually similar in parent and offspring. About 10 loci for AD cataract have been mapped. Isolated inherited congenital cataracts carry a better visual prognosis than those with coexisting ocular and systemic abnormalities. This is because they are frequently partial at birth so that surgery may be delayed until the child is older, when there is a lower incidence of surgical complications and refractive correction is easier. Morphological classification of hereditary cataracts is based on the location of the opacities within the lens as follows: 

1. Zonular cataract in which the opacity occupies a discrete zone in the lens may be: A) Nuclear, in which the opacities are confined to the embryonic or fetal nuclei of the lens. Some patients have dense central opacities while others have fine pulverulent (dust-like) opacities. B) Lamellar, in which the opacity is sandwiched between clear nucleus and cortex. It may be associated with radial extensions known as riders. C) Capsular, in which the opacity is confined to the anterior or posterior capsule. D) Sutural,  in which the opacity follows the anterior or posterior Y suture. It may occur in isolation or in association with other opacities.

2. Polar cataract, in which the opacities occupy the subcapsular cortex at the anterior or posterior pole of the lens. A) Anterior polar cataract may be flat or project as a conical opacity into the anterior chamber (pyramidal cataract). Patients with pyramidal cataracts are likely to develop amblyopia due to either unilateral involvement or bilateral asymmetrical opacities. Occasional associations of anterior polar cataracts include persistent pupillary membrane, anterior lenticonus. Peters anomaly and aniridia. B) Posterior polar cataract may occasionally be associated with persistent hyaloid remnants, posterior lenticonus and persistent hyper​plastic primary vitreous.
Coronary (supranuclear) cataract consists of round opacities in the deep cortex which surround the nucleus like a crown. They are usually sporadic and only occasionally hereditary.

Blue dot opacities (cataracta punctata caerulea) are common and innocuous and may coexist with other types of lens opacities.
Total (mature) cataracts arc frequently bilateral and often begin as lamellar or nuclear.
Membranous cataract is rare and may be associated with Hallermann-Streiff-Francois syndrome. It occurs when lenticular material partially or completely reabsorbs, leaving behind residual chalky-white lens к maiter sandwiched between the anterior and posterior capsules. 

Systemic associations. A great many systemic paediatric conditions may be associated with congenital cataracts. The vast majority are extremely rare and of interest only to paediatric ophthalmo​logists. The general ophthalmologist should, however, be aware of the following conditions: A) Metabolic: galactosaemia,  galactokinase deficiency,  lowe (oculocerebrorenal) syndrome, other disorders include hypoparathyroidism, pseudo​hypoparathyroidism and mannosidosis. B) Prenatal infections: congenital rubella, intrauterine infections that may be associated with neonatal cataract are toxoplasmosis, cytomegalovirus, herpes simplex and varicella. C) Chromosomal abnormalities: Down syndrome (trisomy 21), Patau (trisomy 13) and Edward (trisomy 18) syndromes. D) Skeletal syndromes: Hallermann-StreifF-Francois syndrome, Nance-Horan syndrome. 

Ocular examination
Since a formal estimate of visual acuity cannot be obtained in the neonate, reliance is required on the density and morphology of the opacity, other ocular associated findings and visual behaviour of the child, in order to assess the visa significance of the cataract.
Density and potential impact on visual function are assessed on the basis of appearance of the red reflex and the quality of the fundus view on direct and indirect ophthalmoscopy. However, slit-lamp examination of a neonate has been made easier with the introduction of  high-quality portable slit-lamps. With assistance to restrain head movements, detailed anterior segment assessment should be possible. On ophthalmoscopy cataract density is graded as follows: 1) A very dense cataract occluding the pupil will preclude any view with either instrument and the decision to operate is straightforward. 2) A less dense cataract, which is, however, still visually significant, will allow visualization of the retinal vasculature with the indirect but not with the direct ophthalmoscope. Other features of visually significant cataract are central or posterior opacities over 3 mm ml diameter. 3) A visually insignificant opacity will allow clear visualization of the retinal vasculature with both the indirect and direct ophthalmoscope. Other features of visually insignificant cataract are central opacities less than 3 mm in diameter and peripheral, anterior or punctate opacities with intervening clear zones. 
Timing of surgery
1. Bilateral dense cataracts require early sur​gery (i.e. by 6 weeks of age) to prevent the development of stimulus deprivation amblyopia. If the severity is asym​metrical, the eye with the denser cataract should be addressed first.
2. Bilateral partial cataracts may not require surgery until later, if at all. In cases of doubt it may be prudent to defer surgery, monitor lens opacities and visual function and intervene later if vision deteriorates.

3. Unilateral dense cataracts merit urgent surgery (within days) followed by aggressive anti-amblyopia therapy, despite which the results are often poor. If the cataract is delected after 16 weeks of age then surgery is inadvisable because amblyopia is refractory.

4. Partial unilateral cataracts can usually be observed or treated non-surgically with pupillary dilatation and possibly part-time contralateral occlusion to prevent amblyopia. 

Aphakia correction. 

Although the technical difficulties of performing cataract surgery in infants and young children have mostly been resolved, visual results continue to be disappointing because of severe and irreversible amblyopia. With regard to optical correction for the aphakic child, the two main considerations are age and laterality of aphakia.

Spectacles are useful for older children with bilateral aphakia, but not for unilateral aphakia because of associated anisometropia and aniseikonia. Even in infants with bilateral aphakia they may be inappropriate because of their weight, unpleasant appearance, prismatic distortion and constriction of the visual field.

Contact lenses provide a superior optical solution for both unilateral and bilateral aphakia. Tolerance is usually reasonable until the age of about 2 years, although alter this period problems with compliance may start as the child becomes more active and independent. The contact lens may become dislodged or lost, leading to рeriods of visual deprivation with the risk of amblyopia. In bilateral aphakia, the solution is simply to prescribe spectacles although in unilateral aphakia IOL implantation may have to be considered.

IOL implantation is increasingly being performed in young children and even infants and appears to be effective and safe in selected cases. Awareness of the rate of myopic shift which occurs in the developing eye, combined with accurate biometry, allows the calculation of an IOL power targeted at initial hypermetropia (correctable with spectacles) which will ideally decay towards emmetropia later in life. However, final refraction is variable and emmetropia in adulthood cannot be guaranteed.

Occlusion to treat or prevent amblyopia is vital.

ANOMALIES OF LENS SHAPE

1. A lens coloboma is characlerized by  notching (segmental agenesis) at the inferior equator. There is also a corresponding absence of zonular  fibres. It is not a true coloboma as there is no focal absence of a tissue layer due to failure of closure of the optic fissure.

2. Posterior lenticonus is a very rare condition characterized by a round or conicat bulge of the posterior axial zone of the lens into the vitreous, associated with local thinning or absence of the capsule. It may be associated with opacification of the posterior сарsule and hyaloid remnants. With age, the bulge progressively  increases in size and the lens cortex may opacify. Progression of cataract is variable, but many cases present with an acutely opacified white lens in infancy or early childhood. Most cases are unilateral, sporadic and not associated with systemic abnormalities. Rarely it may be I bilateral and familial.

3. Anterior lenticonus is a bilateral axial рrojection of the anterior surface of  the lens into the anterior chamber. About 90% of patients have Alport syndrome, which may also be associated with cataract, retinal flecks and posterior polymorphous dystrophy.

4. Lentiglobus is a very rare, usually unilateral, generalized hemispherical deformity of the lens which may be associated with posterior polar lens opacity.

5. Microphakia is a lens with a smaller than normal diameter. It may be associated with Lowe syndrome, in which the lens is not only small but also disc-like. 

6. Microspherophakia is a lens with a small diameter and spherical shape.

ECTOPIA LENTIS

Ectopia lentis refers to a displacement of the lens from its normal position. The lens may be completely dislocated, rendering the pupil aphakic (luxated), or partially displaced, still remaining in the pupillary area (subluxated). Ectopia lentis may be hereditary or acquired. Acquired causes include trauma, a large eye (i.e. high myopia, buphthalmos). anterior uveal tumours and hypermature cataract. Only hereditary causes are discussed below.

Without systemic associations. 1) Familial ectopia lentis is characterised by bilateral symmetrical superotemporal lenticular displacement. Inherited in an AD fashion, it may manifest congenitally or later in life. 2) Ectopia lentis et pupillae  is a rare, congenital, bilateral, AR disorder characterised by displacement of the pupil and the lens in opposite directions. The pupils are small, slit-like and dilate poorly. Other findings include iris transillumination, enlarged corneal diameter, glaucoma, cataract and microspherophakia. 3) Aniridia may occasionally be associated with ectopia lentis.

With systemic associations. 1) Marfan syndrome is a widespread, autosomal dominant, disorder of connective tissue charac​terized by the following ocular features: ectopia lentis, angle anomaly, retinal detachment, hypoplasia of dilator pupillae, peripheral iris illumination, strabismus, fiat cornea and blue sclera. 2) Weili-Marchesani syndrome is a rare systemic connective tissue disease, conceptually the converse of  Marfan syndrome, characterized by short stature, brachydactyly with stiff joints and mental handicap. Inheritance may be AD or AR, ectopia lentis, secondary angle-closure glaucoma, asymmetrical axial lengths anil presenile vitreous liquefaction. 3) Homocystinuria is an AR inborn error of metabolism in which decreased hepatic activity of cystathionin β-synthetase results in systemic accumulation of  homocysteine and methionine. Systemic features include skeletal anomalies with a Marfanoid  habitus, fair hair and a tendency to thrombotic episodes. Etctopia lentis, typically inferonasal usually occurs by the age of 10 years. Secondary angle-closure glaucoma may occur as a result of pupil block. 4) Hyperlysinaemia is a very rare, AR, inborn error of metabolism caused by a deficiency in lysine alphakeloglutarate reductase. Systemic features include lax ligaments, hypotonic muscles, seizures and mental handicap. It is occasionally associated with ectopia lentis. 5) Sulphite oxidase deficiency is a very rare, AR disorder of sulphur metabolism characterized by progressive muscular rigidity, decerebrate posture, mental handicap and demise usually betorc the age of 5 years. Ectopia lentis is universal. 6) Stickler syndrome is occasionally associated with ectopia lentis, retinal detachment being the most common problem.7) Ehlers-Danlos syndrome is occa​sionally associated with ectopia lentis.


Treatment. 1) Spectacle correction may correct astigmatism induced by lens tilt or edge effect in eyes with mild subluxalion. Aphakic correction may also afford good visual results if a significant portion of the visual axis is aphakic in the undilated state. 2) Surgical removal of the lens, using closed intraocular microsurgical techniques, is indicated for cataract, lens- induced glaucoma, uveitis or endothelial touch.

T R A U M A

EYELID TRAUMA

A haematoma (black eye) is the most common result of blunt injury to the eyelid or forehead and is generally innocuous. It is, however, very important to exclude the following more serious conditions: 1) trauma to the globe or orbit. It is easier to examine the integrity of the globe before the lids become oedematous. 2) Orbital roof fracture, if the black eye is associated with a subconjunctival haemorrhage without a visible posterior limit. 3) Basal skull fracture, which may give rise to charac​teristic bilateral ring hacmatomas ('panda eyes’).   

Laceration. The presence of a lid laceration, however insignificant, mandates careful exploration of the wound and examination of the globe. Any lid defect should be repaired by direct horizontal closure whenever possible, even if under tension, since this affords the best functional and cosmetic results. 1) Superficial lacerations parallel to the lid margin without gaping can be sutured with 6-0 black silk. The sutures are removed after 5 days. 2) Lid margin lacerations invariably gape and must therefore be very carefully sutured with perfect alignment lo prevent notching. 3) Lacerations with tissue loss just sufficient to prevent direct primary closure can usually be managed by performing a lateral cantholysis in order to increase lateral eyelid mobility. 4) Lacerations with extensive tissue loss may require major reconstructive procedures such as used following lid resection for malignant tumours. 5) Canalicular lacerations should be repaired within 24 hours. The laceration is bridged by silicone tubing, which is threaded down the lacrimal system and tied in the nose The laceration is sutured. The tubing is left in situ for 3-6 months.

ORBITAL FRACTURES
Blow-out orbital floor fracture. A‘pure’ blow-out fracture of the orbit does not involve the orbital rim whereas an ‘impure’ fracture involves the orbital pm and adjacent facial bones. A blow-out fracture of the orbital floor is typically caused by a sudden increase in the orbital pressure by a striking object which is greater than 5 cm in diameter, such as a fist or tennis ball. Since the bones of the lateral wall and the roof are usually able to withstand such trauma, the fracture most frequently involves the floor of the orbit along the thin bone covering the infraorbital canal. Occasionally, the medial orbital wall may also be fractured. Clinical features vary with the severity of trauma and the time interval between injury and examination.
Signs: 

Periocular signs include variable ecchymosis, oedema and subcutaneous emphysema. Infraorbital nerve anaesthesia involving the lower lid, cheek, side of nose, upper lip, upper teelh and gums is very common because a blow-out fracture frequently involves the infraorbital canal. 

Diplopia may be caused by one of the following mechan​isms: - haemorrhage and oedema of the orbit may cause the septa, which connect the inferior rectus and inferior oblique muscles to the periorbita, to become taut and thus restrict movements of the globe. Ocular motility usually improves as haemorrhage and oedema resolve; - mechanical entrapment within lhe fracture of the inferior rectus or inferior oblique muscle, or adjacent connective tissue and fat. Diplopia typically occurs in both upgaze (Fig. 19.13b) and downgaze (double diplopia). In these cases the forced duction test and the differential intraocular pressure tests are positive. Diplopia may subsequently improve if mainly due to entrapment of connective tissue and fat, but usually persists if there is significant involvement of the muscles themselves; - direct injury to an extraocular muscle is associated with a negative forced duction test. The muscle fibres usually regenerate and normal function returns within about 2 months.
Enophthalmos may be present if the fracture is severe, although it tends to manifest after a few days, as the initial oedema resolves. In the absence of surgical intervention, enophthalmos may continue to increase for about 6 months as post-traumatic orbital degeneration and fibros'ts develop.
Ocular damage (e.g. hyphaema, angle recession, retinal dialysis), although uncommon, should be excluded by careful slit-lamp and fundus examination.

Investigotions: CT with coronal sections is particularly useful in evaluating the extent of the fracture, as well as determining the nature of maxillaiy antral soft-tissud densities which may represent prolapsed orbital fat, extra- ocular muscles, haematoma or unrelated antral polyps. Hess test. Is useful in assessing and moni​toring the progression of diplopia. Field of binocular vision can be assessed on the Lister or Goldmann perimeter.

Treatment: Initial treatment is conservative wilh antibiotics if the fracture involves the maxillary sinus. The patient should also be instructed not to blow the nose. Subsequent treatment is aimed at prevention of per​manent vertical diplopia and/or cosmetically unaccept able enophthalmos. The three factors that determine the risk of these late complications are fracture size, hernia​tion of orbital contents into the maxillary sinus and muscle entrapment. Although there may be some overlap, most fractures fall into one of the following categories: - small cracks unassociated with herniation do not require treatment as the risk of permanent com​plications is small. - Fractures involving less than half the orbital floor, with little or no herniation, and improving diplopia also do not require treatment unless more than 2 mm of enophthalmos develops. - Fractures involving half or more of the orbital floor with entrapment of orbital contents and persistent diplopia In the primary position should be repaired within 2 weeks. If surgery is delayed, the results are less satisfactory because secondary fibrotic changes develop In the orbit.

Blow-out medial wall fracture. Most medial wall orbital fractures are associated with floor fractures. Isolated fractures are less common. 
Signs: Periorbital subcutaneous emphysema, which typically develops when

the patient blows the nose because of the possibility of forcing infected sinus contents into the orbit blowing of the nose should be discouraged. Defective ocular motility involving adduction and abduction if the medial rectus muscle is entrapped in the fracture.

Treatment involves release of the entrapped tissue and repair of the bony defect.

Roof fracture. Roof fractures are rarely encountered by ophthalmologists.Isolated fractures, caused by minor trauma such as falling on a sharp object or a blow to the brow or forehead, are most common in young children. Complicated fractures, caused by major trauma with associated displacement of the orbital rim or significant disturbance of other craniofacial bones, most commonly affect adults.
Presentation is with a haematoma of the upper eyelid and periocular ecchymosis which develop after a few hours and may later spread to the opposite side.

Signs: inferior or axial displacement of the globe. Large fractures may be associated with pulsation of the globe unassociated with a bruit, due to transmission of CSF pulsation, best detected on applanation tonometry, if possible. 

Treatment. Small fractures may not require treatment but it is important to observe the patient for the possibility of a CSF leak which may lead to meningitis. Sizeable bony defects with downwardly displaced fragments usually require reconstructive surgery.

Lateral wall fracture. Acute lateral wall fractures are rarely encoun​tered by ophthalmologists. Because the lateral wall of the orbit is more solid than the other walls, a fracture is usually associated with extensive facial damage.
TRAUMA TO THE GLOBE

Definitions
1. Closed injury is commonly due to blunt trauma. The corneoscleral wall of the

globe is intact; however, intraocular damage may be present.
2. Open injury involves a full-thickness wound of the corneoscleral wall.

3. A contusion is a closed injury resulting from blunt trauma. Damage may occur at the site of impact or at a distant site.

4. A rupture is a full-thickness wound, caused by blunt trauma. The globe gives way at its weakest point, which may not be at the site of impact.

5. A laceration is a full-thickness wound caused by a sharp object at the site of impact.

6. A lamellar laceration is a partial-thickness wound caused by a sharp object.

7. Penetration is a single full-thickness wound, usually caused by a sharp object, without an exit wound. Such a wound may be associated with intraocular retention of a foreign body.

8. Perforation consists of two full-thickness wounds, one entry and one exit, usually caused by a missile.

General principles of management
1. Initial assessment should be performed in the following order: determina

tion of the nature and extent of any life- threatening problems. History of the injury, including the circumstances, timing and likely object. Thorough examination of both eyes and orbits.

2. Special investigations: plain radiographs may be taken when a foreign body is suspected. CT is superior to plain radiography in the detection and localization of intraocular foreign bodies. It is also of value in determining the integrity of intracranial, facial and intraocular structures.
NB: MRI should never be performed if a metallic foreign body is suspected.
Ultrasonography may be useful in the detection of intraocular foreign bodice, globe rupture, suprachoroidal haemorrhage and retinal detachment. It is also helpful in planning surgical repair, for example regarding placement of infusion ports during vitrectomy and whether drainage of suprachoroidal haemorrhage is required. Electrophysiological tests may be useful in assessing the integrity of the optic nerve and retina, particularly if some time has passed since the original injury and there is suspicion of a retained intraocular foreign body.

I. Blunt trauma.
The most common causes of  blunt trauma are squash balls, elastic luggage straps and champagne corks. Severe blunt trauma results in anteroposterior compression with simultaneous expansion in the equatorial plane associated with a transient but severe increase in intraocular pressure. Although the impact is primarily absorbed by the lens-iris diaphragm and the vitreous base, damage can also occur at a distant site such as the posterior pole. The extent of ocular damage depends on the severity of trauma and for unknown reasons, is largely concentrated to either anterior or posterior segment. Apart from obvious ocular damage, blunt trauma commonly results in long-term effects: the prognosis is therefore necessarily guarded.
Anterior segment complications
A corneal abrasion involves a breach of the epithelium, which stains with fluorescein. If over the pupillary area, vision may be grossly impaired. This exquisitely painful condition is commonly treated with topical cycloplegia to promote comfort and antibiotic ointment. Although patching has been standard treatment in the past it has become apparent that the cornea heals faster with less pain when not patched.

Acute corneal oedema may develop, secondary to focal or diffuse dysfunction of the corneal endothelium. It is commonly associated with folds in Descemet
membrane and stromal thickening, which clear spontaneously.
Hyphaema (haemorrhage into the anterior chamber) is a common complication. The sonrce of the bleeding is the iris or ciliary body. Characteristically, the red blood cells sediment inferiorly with a resultant ‘fluid’ level, the height of which should be measured and documented. Most traumatic hyphaemas are innocuous and transient and merely require daily observation until they resolve spontaneously. The immediate risk is that of secondary haemorrhage, often larger than the original hyphaema, which may occur at any time up to a week after the original injury (most commonly within the first 24 hours). The main aims of treatment are therefore prevention of secondary haemorrhage, control of any elevation of intraocular pressure and management of associated complications. Oral tranexamic acid 25 mg/kg t.i.d., an antifibrolytic agent, is useful for the former. Opinions vary, but it would appear sensible to immobilize the pupil in the dilated state, with atropine to prevent further haemorrhage. Hospital admission for a few days may be advisable so that intraocular pressure may be monitored and, if elevated treated appropriately so as to prevent secondary corneal blood-staining. Traumatic uveitis is treated with topical steroids and mydriatics.

The anterior uvea may manifest structural and/or functional damage. Pupil. Severe contusion is often accompanied by transient miosis evidenced by the pattern of pigment imprinting on the anterior leas capsule (Vossius ring), which corresponds to the size of the miosed pupil. Alternatively, damage to the iris sphincter may result in traumatic mydriasis, which is often permanent: the pupil reacts sluggishly or not at all to both lighl and accommodation. Radial tears in the pupillary margin are common. Iridodialysis is a dehiscence of the iris from the ciliary body at its root. The pupil is typically ‘D’ shaped and the dialysis is seen as a dark biconvex area near the limbus. An iridodialysis may be asymptomatic if covered by the upper lid; if exposed in the palpebral aperture, uniocular diplopia and glare may ensue, sometimes necessitating surgical repair of the dehis​cence. Traumatic aniridia (360° iridodialysis) may rarely occur.
The ciliary body may react to severe blunt trauma by temporary cessation of aqueous secretinn (ciliary shock) resulting in ocular hypotony. Tears extending into the face of the ciliary body (angle recession) are associated with a risk of late glaucoma.
Lens. Cataract formation is a common sequel to blunt trauma. Subluxation 

of the lens may occur, secondary to tearing of the suspensory ligament. Dislocation due to 360c rupture of the zonule is rare and may be into the vitreous, or less commonly into the anterior chamber.
Rupture of the globe may result from very severe blunt trauma. The rupture is usually anterior, in the vicinity of Schlemm canal, with prolapse of intraocular structures such as lens, iris, ciliary body and vitreous. Occasionally, the rupture is posterior (occult) with little visible damage to the anterior segment. Clinically, occult rupture should be suspected if there is asymmetry of anterior chamber depth and intraocular pressure in the affected eye is low. The principles of repairing scleral ruptures are described later.
Posterior segment complications
Posterior vitreous detachment, which may be associated with vitreous haemorrhage, may be seen. Pigment cells similar to tobacco dust may be seen floating in the anterior vitreous.
Commotio retinae indicates concussion of the sensory retina resulting in cloudy swelling which gives the involved a area a grey appearance. Commotio most frequently involves the temporal fundus and occasionally the macula, when a 'cherry red spot' may be seen at the fovea. The prognosis in mild cases is good with spontaneous resolution without sequelae within 6 weeks. Severe involvement of the macula may be associated with intraretinal haemorrhage. Subsequent post-traumatic macular changes include progressive pigmentary degeneration and

macular hole formation.

Choroidal rupture involves the choroid, Bruch membrane and RPF; it may be direct or indirect. Direct ruptures are located anteriorly at the site of impact and run parallel with the ora serrata. Indirect ruptures occur opposite the site of impact. A fresh rupture may be partially obscured by subretinal haemorrhage, which may break through the internal limiting membrane with resultant subhyaloid or vitreous haemorrhage. Weeks to months later, on absorption of the blood, a white crescent-shaped, vertical streak of exposed underlying sclera, frequently involving the macula, concentric with the optic disc becomes visible. The visual prognosis is poor if the fovea is involved. An uncommon late complication is secondary choroidal neovascularization which may result in haemorrhage, scarring and further visual deterioration.

Retinal breaks, which may lead to retinal detachment, are of three main types: retinal dialyses are caused by traction by the relatively inelastic vitreous gel along the posterior. Equatorial tears are less frequent and due to direct retinal disruption at the point of scleral impact. They may occasionally extend for more than one quadrant (giant tears). Macular holes may occur either at the time of injury or later following the resolution of commotio retinae.
Optic nerve. Optic neuropathy is an uncommon but often devas​tating cause of permanent visual loss following con- tusive injuries to the head, particularly the forehead. Optic nerve avulsion is rare and typically occurs when an object intrudes between the globe and the orbital wall, displacing the eye. 

II. Non-accidental injury
Non-accidental injury (shaken baby syndrome) indicates physical abuse in children usually under the age of 2 years, and should be suspected whenever characteristic ophthalmic features are identified in the absence of a convincing alternative explanation. The diagnosis should be considered with the help of a specialist paediatrician: most hospitals dealing with children will have a child abuse team. The injury may be caused by violent shaking alone. However, careful examination also frequently reveals signs of impact injuries. Brain damage is thought to be the result of hypoxia and ischaemia resulting from apnoea, rather than shearing or impact. Ocular features are many and varied. The most impor​tant are as follows: retinal haemorrhages, unilateral or bilateral, are the most common feature. The haemorrhages typically involve different layers of the retina and are most obvious in the posterior pole (Fig. 19.40). although they often extend to the periphery. Periocular bruising and subconjunctival haemorrhages. Poor visual responses and afferent pupillary defects. Visual loss occurs in about 20% of cases largely as a result of cerebral damage.

III. Penetrating trauma
Causes. Penetrating injuries are three times more common in males than females, and in the younger age group. The most frequent causes are assault, domestic accidents and sport. The extent of the injury is determined by the size of the object, its speed at the time of impact and its composition. Sharp objects such as knives cause well-defined lacerations of the globe. However, the extent of damage caused by flying foreign bodies is determined by their kinetic energy. For example, an airgun pellet is large and, although relatively slow moving, has a high kinetic energy and can thus cause considerable ocular damage. In contrast, a fast-moving fragment of shrapnel has a low mass and therefore will cause a well-defined laccration with relatively less intraocular damage than an airgun pellet.
Tractional retinal detachment. Tractional retinal detachment may occur secondary to vitreous incarceration in the wound and intragel vitreous haemorrhage, which stimulates fibroblastic proliferation along the planes of incarcerated vitreous. Subsequent contraction of such membranes leads to shortening and a rolling effect on the peripheral retina in the region of the vitreous base and eventually to fractional retinal detachment.

Principles of primary repair. Small shelving corneal lacerations with formed anterior chamber may not require suturing as they often heal spontaneously or with the aid of a soft bandage contact lens. Medium-sized corneal lacerations usually require suturing, especially if the anterior chamber is shallow or flat. Corneal lacerations with iris involvement. Management depends on the duration and extent of incarceration: a small peak of recently incarcerated iris may be reposited and the pupil constricted with intracameral acetylcholine. Large incarcerations of iris should be abscised, especially if of more than a few days duration or the iris appears non-viable. due to the risk of endophthalmitis. Corneal laceration with lenticular damage is treated by suturing the laceration and removing the lens by phacoemulsification or with a vitreous cutter. Anterior scleral lacerations limited to the insertions of the recti have a better prognosis than more posterior wounds. An anterior sderal wound may, nevertheless, be associated with serious complications such as iridociliary prolapse and vitreous incarceration. Every attempt should be made to reposit exposed viable uveal tissue and cut prolapsed vitreous flush with the wound. Posterior scleral lacerations are frequently associated with retinal breaks unless very superficial. The scleral wound is exposed and sutured starting anteriorly and working posteriorly. It may also be necessary to treat retinal breaks prophylactically.

Aims of secondary repair. Secondary repair of posterior segment trauma, if appro​priate, is usually carried out 10-14 days after primary repair. This allows time not only for healing of wounds but also for the development of posterior vitreous separation which facilitates good vitrectomy. The main aims of secondary repair are: to clear opacities ol the media such as cataract and vitreous haemorrhage in order to improve vision; to stabilize abnormal vitreorctinal interactions and thereby prevent long-term sequelae such as tractional retinal detachment. 

IV. Extraocular foreign bodies
Small foreign bodies such as particles of steel, coal or sand often impact on the corneal or conjunctival surfacc. Sub​sequent to such impact, such foreign bodies may: be washed along the tear film into the lacrimal drainage system. Adhere to the superior palpebral conjunctiva in the subtarsal sulcus and abrade the cornea with every blink. A pathognomonic pattern of linear corneal abrasions may be seen. A subtarsal foreign body is easily missed unless the upper lid is everted. Ascend and lodge in the superior conjunctival fornix and produce chronic conjunctivitis. Such a foreign body is easily missed, unless the lid is double-everted and the fornix is examined. Impact in the bulbar conjunctiva. Impact in the corneal epithelium or stroma to a depth proportional to the velocity of the foreign body. A very high-velocity foreign body may penetrate the cornea or sclera and lodge intraocularly.

V. Corneal foreign bodies
Clinical features. Corneal foreign bodies are extremely common and cause considerable irritation. Leukocytic infiltration may also develop around any foreign body of some duration. Tf a foreign body is allowed to remain, there is a risk of secondary infection and corneal ulceration. Mild secondary uveitis is common with irritative miosis and photophobia. Ferrous foreign bodies of even a few days duration often result in rust staining of the bed of the abrasion.

Management. Careful slit-lamp examination is essential to locate the exact position and depth of the foreign body. The foreign body is removed under slit-lamp visualization using a sterile needle. Magnetic removal may be useful for a deeply embedded metallic foreign body. A residual 'rust ring", is easiest to remove with a sterile ‘burr’. Antibiotic ointment is instilled together with a cycloplegic and/or ketorolac to promote comfort.

NB: Any discharge, infiltrate or significant uveitis should | ^ raise suspicion of secondary bacterial infection; subsequent management should be as for a corneal ulcer. Metallic foreign bodies are often sterile due to acute rise in temperature during transit through the air; organic and stone foreign bodies however, carry a higher risk of infection. 

VI. Intraocular foreign bodies
An intraocular foreign body may traumatize the eye mechanically, introduce infection or exert other toxic effects on the intraocular structures. Once in the eye, the foreign body may lodge in any of the structures it encounters: thus it may be located anywhere from the anterior chamber lo the retina and choroid. Notable mechanical effects inciudc cataract formation secondary to capsular injury, vitreous liquefaction, and retinal haemorrhages and tears. Stone and organic foreign bodies are particularly prone to result in infection. Many substances including glass, many plastics, gold and silver are inert. However, iron and copper may undergo dissociation and result in siderosis and chalcosis respectively.
Siderosis
Perhaps the commonest foreign body is a piece of steel. An intraocular ferrous foreign body undergoes dissociation resulting in the deposition of iron in the intraocular epithelial structures, notably the lens epithelium and the retina, where it exerts a toxic effect on cellular enzyme systems, with resultant cell death. Features of siderosis include anterior capsular cataract, consisting of radial iron deposits on the anterior lens capsule, reddish-brown staining of the iris, secondary glaucoma due to trabecular damage and pigmentary retinopathy, the last of which has the most profound effects on vision. Electroretinography manifests progressive attenuation of the b-wave over time.
Chalcosis
The ocular reaction to an intraocular foreign body with a high copper content involves a violent endophthalmitis-like picture, often with progression to phthisis bulbi. On the other hand, an alloy such as brass or bronze, with a relatively low copper content, results in chalcosis. Electrolytically dis​sociated copper becomes deposited intraocularly, resulting in a picture similar to that seen in Wilson disease. Thus a Kayser-FIeischer ring develops, as does an anterior ‘sunflower' cataract. Retinal deposition results in golden plaques visible ophthalmoscopically. Since copper is less retinotoxic than iron, degenerative retinopathy does not develop and visual function may be preserved.
Initial management. Accurate history is vital to determine the origin of the foreign body; it may be helpful for the patient lo bring any causative objects such as a chisel. Ophthalmic examination is performed, paying special attention to any possible sites of entry or exit. Topical fluorescein may be helpful to identify an entry wound. Alignment and projection of identified wounds may allow logical deduction of the probable location of a foreign body. Gonioscopy and funduscopy must be performed. Associated signs such as lid laceration and damage to anterior segment structures must be noted. CT with axial mid coronal cuts is used to detect and localize metallic intraocular foreign bodies, providing cross-sectional images with a sen​sitivity and specificity that are superior to plain radio​graphy and ultrasonography.

Technique of removal. Magnet removal and forceps removal (may be used for non-magnetic foreign bodies and magnetic foreign bodies that cannot be safety removed with a magnet). Primary enucleation should be performed only for very severe injuries, with no prospect of retention of vision when it is impossible to repair the sclera. Secondary enucleation may be considered following primary repair if the eye is severely and irreversibly damaged, particularly if it is also unsightly and uncomfortable. 

VII. Sympathetic ophthalmitis
Sympathetic ophthalmitis is a very rare, bilateral, granulo​matous panuveitis which occurs after penetrating ocular trauma usually associated with uveal prolapse or, less frequently, following intraocular surgery. The traumatized eye is referred to as the exciting eye and the fellow eye, which also develops uveitis, is called the sympathizing eye.
Presentation in 65% of cases is between 2 weeks and 3 months after initial injury; 90% of all cases occur within the first year.

Signs. The exciting eye shows evidence of the initial trauma and is frequently very red and irritable. The sympathizing eye becomes photophobic and irritable. Both eyes then develop a chronic granulomatous anterior uveitis with iris nodules and mutton fat keratic precipitates. Optic disc swelling and multifocal choroiditis involve the entire fundus.

Course. Rarely the uveitis runs a relatively mild and self- limiting course. Usually, however, the intraocular inflam​mation becomes chronic and, unless appropriately treated, may lead to cataract, glaucoma and phthisis bulbi.

Treatment  with systemic steroids is usually effective and the long-term visual prognosis good. A variety of steroid- sparing immunosuppressive agents are also beneficial.

CHEMICAL INJURIES
Causes. Chemical injuries range in severity from trivial to potentially blinding. The majority are accidental and a few the result of assault. Two-thirds of accidental burns occur at work and the remainder at home. Alkali burns are twice as common as acid burns since alkalis are more widely used at home and in industry. The most common involved alkalis are ammonia, sodium hydroxide and lime. The commonest acids implicated are sulphuric, sulphurous, hydrofluoric, acetic, chromic and hydrochloric. The severity of a chemical injury is related to the properties of the chemical, the area of affected ocular surface, duration of exposure (retention of particulate chemical on the surface of the globe) and related effects such as thermal damage. Alkalis tend to penetrate deeper than do acids, which coagulate surface proteins, resulting in a pro​tective barrier. Ammonia and sodium hydroxide may produce severe damage because of rapid penetration. Hydrofluoric aid used in glass etching and cleaning also tends to rapidly penetrate the eye, while sulphuric acid may be complicated by thermal effects and high-velocity impact after car battery explosions.
Pathophysiology. 

1. Ocular damage by severe chemical injuries occurs in the following order: 

- necrosis of the conjunctival and corneal epithelium with disruption and occlusion of the limbal vasculature. Loss of limbal stem cells may subsequently result in conjunctivalization and vascularization of the corneal surface or persistent corneal epithelial defects with sterile corneal ulceration and perforation. Other long-term effects include ocular surface wetting disorders, symblepharon formation and cicatricial entropion;

- deeper penetration causes breakdown and precipita​tion of glycosaminoglycans and stromal corneal opacifi​cation;

- anterior chamber penetration results in iris and lens damage;

- ciliary epithelial damage impairs secretion of ascorbate, which is required for collagen production and corneal repair; 

- hypotony and phthisis bulbi may ensue. 

2. Healing of the corneal epithelium and stroma is as follows: 

- the epithelium heals by migration of epithelial cells which originate from limbal stem cells;

- damaged stromal collagen is phagocytosed by keratocytes and new collagen is synthesized.

Emergency treatment. A chemical burn is the only eye injury that requires immediate treatment without first taking a history and performing a careful examination. Immediate treatment is as follows: 

1. Copious irrigation is crucial to minimize duration of contact with the chemical and normalize the pH in the conjunctival sac as soon as possible. Normal saline (or equivalent) should be used to irrigate the eye for 15-30 minutes or until pH is normalized. 

2. Double-eversion of the eyelids should be performed so that any retained particulate matter trapped in the fornices, such as lime or cement, may be removed. 

3. Debridement of necrotic areas of corneal epithelium should be performed to allow for proper re-epithelialization.

Grading of severity. Acute chemical injuries are then graded to plan appropriate subsequent treatment and afford an indication of likely ultimate prognosis. Grading is performed on the basis of corneal clarity and severity of limbal ischaemia. The latter is assessed by observing the patency of the deep and superficial vessels at the limbus. 

Grade I: clear cornea and no limbal ischaemia (excellent prognosis).  

Grade II: hazy cornea but with visible iris details and less than one-third (120°) of limbal ischaemia (good prognosis). 

Grade III: total loss of corneal epithelium, stromal haze obscuring iris details and between one-third and half (120° to 180°) of limbal ischaemia (guarded prognosis). Grade IV: opaque cornea and more than half (>180°) of limbal ischaemia (very poor prognosis).

Other features to note at initial assessment are the extent of corneal and conjunctival epithelial loss, iris changes, status of the lens and intraocular pressure.
Medical treatment. Mild (grades I and II) injuries are treated with a short course of topical steroids, cycloplegics and prophylactic antibiotics for about 7 days. The main aims of treatment of more severe burns are  to reduce inflammation, promote epithelial regeneration and prevent corneal ulceration. 

1) Steroids reduce inflammation and neutrophil infiltration. However, they also impair stromal healing by reducing collagen synthesis and inhibiting fibroblast migration. For this reason topical steroids may be used initially but must be tailed off after 7—10 days when sterile corneal ulceration is most likely to occur. They may be replaced by topical NSAIDs, which do not affect keratocyte function. 

2) Ascorbic acid reverses a localized tissue scorbutic state and improves wound healing by promoting the synthesis of mature collagen by corneal fibroblasts. Topical sodium ascorbate 10% is given 2-hourly in addition to a systemic dose of 2 g q.i.d. 

3) Citric acid is a powerful inhibitor of neutrophil activity and reduces the intensity of the inflammatory response. Chelation of extracellular calcium by citrate also appears to inhibit collagenase. Topical sodium citrate 10% is given 2- hourly for about 10 days. The aim is to eliminate the second wave of phagocytes, which normally occurs 7 days after the injury. 

4) Tetracyclines are collagenase inhibitors and also inhibit neutrophil activity and reduce ulceration. They are administered both topically and systemically (e.g. doxycycline 100 mg b.d.).

Surgery. 

1) Early surgery may be necessary to revascularize the lim​bus, restore the limbal cell population and re-establish the fornices. One or more of the following procedures may be used: 

- advancement of  Tenon capsule and suturing to the lim​bus is aimed at re-establishing limbal vascularity, thus preventing the development of comeal ulceration; 

- limbal stem cell transplantation from the patient's other eye (autograft) or from a donor (allograft) is aimed at restoring normal corneal epithelium; 

- amniotic membrane grafting to promote epithelialization and suppression of fibrosis. 

2) Late surgery may involve the following procedures:

- division of conjunctival bands and symblepharon;

- conjunctival or mucous membrane grafts;
- correction of eyelid deformities;
- keratoplasty should be delayed for at least 6 months and preferably longer to allow maximal resolution of inflammation;
- keratoprostheses may be required in very severely damaged eyes because the results of conventional grafting are poor.

Question – answer

1. What does it mean to have a phakic eye or an aphakic eye? 
Phakic means that the patient has their original lens. Pseudophakic means that they have a intraocular lens implant. Aphakic means that their lens was removed, but no replacement lens was placed. 

2. What are the layers of the lens and what is removed in cataract surgery? 
There are three layers to the lens. The outer capsule, the inner nucleus, and a middle cortex … in a configuration like a peanut M&M candy. 

3. When you accommodate (look at near objects) do the zonules relax or tighten? 
The zonules relax. With accommodation, the spincter-like ciliary body contracts, the zonules relax, and the lens relaxes and becomes rounder (thus more powerful). You’re going to have to think that one out a few times and look at the drawing in this chapter. 

4. What are the two functions of the ciliary body? 
The ciliary body changes lens shape, allowing fine focusing and accommodation. It also produces aqueous fluid that inflates the anterior chamber and nourishes the avascular lens and cornea. 

5. By what mechanism can a diabetic patient have a temporary refractive error? 
Too much glucose will switch the lens metabolism from anaerobic glycolosis to a sorbitol pathway. Sorbitol buildup in the lens creates an osmotic swelling that changes the lens power (the round, swollen lens makes images focus in front of the retina, thus the patient is temporarily near-sighted). 

6. Why do yellow sunglasses make images seem sharper? 
All lens systems have chromatic abberation because the different colors of light bend differently. This means that images don’t focus perfectly on the retina – the blue component focuses slightly in front of the retina, while the red component slightly behind. Tinted glasses limit the spectrum of color that hits the retina, and makes images appear sharper. 

7. How soon should a child with a cataract go to surgery?
Soon, as cataracts create a visual deprivation that quickly leads to amblyopia. Some practitioners recommend surgery prior to two months. 

8. How can a cataract cause glaucoma? 
Many cataracts are large, and this can push the iris forward and predispose to angle closure glaucoma. Also, end-stage cataracts can leak proteins into the aqueous and the resulting inflammatory cells (macrophages) can clog the trabecular meshwork. 

9. What measurements must you have to calculate a lens implant power? 
You need to know the cornea curvature (because the cornea performs the majority of the eye’s refractive power) and the length of the eye. 

10. How much of the lens is removed in typical cataract surgery? 
With eye surgery, we create a hole in the anterior capsule and suck out the inner nucleus and cortex.

11. What’s the difference between and PCO and a PSC cataract?
PCO: posterior capsular opacification. This is an “after cataract” that forms on the back surface of the posterior capsule after successful cataract surgery. This opacity can be cleared with a YAG laser.
PSC: posterior subcapsular cataract. This is a cataract that forms on the back subcapsular portion of the lens. These tend to occur more often in diabetics and those on steroids, and tend to be visually significant because of their posterior positition. 

12. What does it mean to place a lens “in the sulcus?” 
The sulcus is the space between the lens capsule and the back of the iris. If the posterior capsule is torn and can’t support the lens, you can often place a lens on TOP of the entire capsule in this potential space. 

13. What drops are given after a cataract surgery? 
Usually an antibiotic, such as ciprofloxacin or vigamox. Also, a steroid is given to decrease inflammation. 
14. You have a contact lens wearer with a small corneal abrasion. He is in excruciating pain and requests that you pressure-patch his eye for comfort. Will this speed up healing? 
Patching may speed healing by keeping the eye immobile and lubricated - but you should never patch an abrasion that might fester an infection. Thus, you don’t patch contact lens wearers as you don’t want a pseudomonas infection brewing under that patch! If you decide to patch a patient, you should really follow them daily to make sure they don’t develop an ulcer. 

15. What’s the easiest way to see a corneal abrasion? How often do you need to follow simple, non-infected abrasions? 
Abrasions are easiest seen with fluorescein under the slit-lamp microscope, though large abrasions can be detected with only a handlight as the edges of the abrasion creates a circular shadow on the iris underneath. You’ll want to measure the epithelial defect and see them often (perhaps daily) until it heals to make sure they don’t become infected. 

16. What is the Seidel test? 
This is a method to see if a laceration has penetrated completely through the cornea. Basically, you’re using fluorescein to look for leaking aqueous fluid. 

17. What findings would prompt you to take a patient with an orbital floor fracture to surgery? 
If the patient has muscle entrapment or significant enophthalmos. Most patients have some degree of EOM restriction from soft-tissue swelling. Entrapment causing reflexive bradycardia would also push you toward surgery. 

18. What portion of the eyelid do you worry about with lid lacerations? 
If the laceration is medial (near the nose) it could involve the tear drainage pathway. These canalicular tears are more complicated to repair. 

19. A patient accidentially splashes a large amount of bleach-based cleaner in her eye. What should she do? 
Wash it out immediately - the faster, the better! If an ambulance picks her up, have the EMTs irrigate in route, and alert the ER to irrigate her eyes as soon as she hits the door. 
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