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 P R EPREFACE FACE Fourth edition of the book has been thoroughly revised, updated, and published in an attractive colour format. This endeavour has enhanced the lucidity of the figures and overall aesthetics of the book. The fast-developing advances in the field of medical sciences and technology has beset the presentday medical students with voluminous university curriculae. Keeping in view the need of the students for a ready-made material for their practical examinations and various postgraduate entrance tests, the book has been expanded into two sections and is accompanied with ‘Review of Ophthalmology’ as a pocket companion, and converted into a comprehensive book. Section 1: Anatomy, Physiology and Diseases of the Eye. This part of the book includes 20 chapters, 1 each on Anatomy and Physiology of Eye and rest 18 on diseases of the different structures of the eye. Section II: Practical Ophthalmology. This section includes chapter on ‘Clinical Methods in Ophthalmology’ and different other aspects essential to the practical examinations viz. Clinical Ophthalmic Cases, Darkroom Procedures, and Ophthalmic Instruments. Review of Ophthalmology: Quick Text Review and Multiple-Choice Questions. This pocket companion provides an indepth revision of the subject at a glance and an opportunity of self-assessment, and thus makes it the book of choice for preparing for the various postgraduate entrance examinations. Salient Features of the Book 
 
 Each chapter begins with a brief overview highlighting the topics covered followed by relevant applied anatomy and physiology. The text is then organized in such a way that the students can easily understand, retain and reproduce it. Various levels of headings, subheadings, bold face and italics given in the text will be helpful in a quick revision of the subject.
 
 
 
 Text is complete and up-to-date with recent advances such as refractive surgery, manual small incision cataract surgery (SICS), phacoemulsification, newer diagnostic techniques as well as newer therapeutics.
 
 
 
 To be true, some part of the text is in more detail than the requirement of undergraduate students. But this very feature of the book makes it a useful handbook for the postgraduate students.
 
 
 
 The text is illustrated with plenty of diagrams. The illustrations mostly include clinical photographs and clear-line diagrams providing vivid and lucid details.
 
 
 
 Operative steps of the important surgical techniques have been given in the relevant chapters.
 
 
 
 Wherever possible important information has been given in the form of tables and flowcharts.
 
 
 
 An attraction of this edition of the book is a very useful addition of the ‘Practical Ophthalmology’ section to help the students to prepare for the practical examinations.
 
 (viii)
 
 It would have not been possible for this book to be in its present form without the generous help of many well wishers and stalwarts in their fields. Surely, I owe sincere thanks to them all. Those who need special mention are Prof. Inderbir Singh, Ex-HOD, Anatomy, PGIMS, Rohtak, Prof. R.C. Nagpal, HIMS, Dehradun, Prof. S. Soodan from Jammu, Prof. B. Ghosh, Chief GNEC, New Delhi, Prof. P.S. Sandhu, GGS Medical College, Faridkot, Prof. S.S. Shergil, GMC, Amritsar, Prof. R.K. Grewal and Prof. G.S. Bajwa, DMC Ludhiana, Prof. R.N. Bhatnagar, GMC, Patiala, Prof. V.P. Gupta, UCMS, New Delhi, Prof. K.P. Chaudhary, GMC, Shimla, Prof. S. Sood, GMC, Chandigarh, Prof. S. Ghosh, Prof. R.V. Azad and Prof. R.B. Vajpayee from Dr. R.P. Centre for Opthalmic Sciences, New Delhi, and Prof. Anil Chauhan, GMC, Tanda. I am deeply indebted to Prof. S.P. Garg. Prof. Atul Kumar, Prof. J.S. Tityal, Dr. Mahipal S. Sachdev, Dr. Ashish Bansal, Dr. T.P. Dass, Dr. A.K. Mandal, Dr. B. Rajeev and Dr. Neeraj Sanduja for providing the colour photographs. I am grateful to Prof. C.S. Dhull, Chief and all other faculty members of Regional Institute of Opthalmology (RIO), PGIMS, Rohtak namely Prof. S.V. Singh, Dr. J.P. Chugh, Dr. R.S. Chauhan, Dr. Manisha Rathi, Dr. Neebha Anand, Dr. Manisha Nada, Dr. Ashok Rathi, Dr. Urmil Chawla and Dr. Sumit Sachdeva for their kind co-operation and suggestions rendered by them from time to time. The help received from all the resident doctors including Dr. Shikha, Dr. Vivek Sharma and Dr. Nidhi Gupta is duly acknowledged. Dr. Saurabh and Dr. Ashima deserve special thanks for their artistic touch which I feel has considerably enhanced the presentation of the book. My sincere thanks are also due to Prof. S.S. Sangwan, Director, PGIMS, Rohtak for providing a working atmosphere. Of incalculable assistance to me has been my wife Dr. Indu Khurana, Assoc. Prof. in Physiology, PGIMS, Rohtak. The enthusiastic co-operation received from Mr. Saumya Gupta, and Mr. R.K. Gupta, Managing Directors, New Age International Publishers (P) Ltd., New Delhi needs special acknowledgement. Sincere efforts have been made to verify the correctness of the text. However, in spite of best efforts, ventures of this kind are not likely to be free from human errors, some inaccuracies, ambiguities and typographic mistakes. Therefore, all the users are requested to send their feedback and suggestions. The importance of such views in improving the future editions of the book cannot be overemphasized. Feedbacks received shall be highly appreciated and duly acknowledged. Rohtak
 
 A K Khurana
 
 (ix)
 
 CONTENTS CONTENTS Preface ............................................................................................................................................ vii SECTION I: ANATOMY, PHYSIOLOGY AND DISEASES OF THE EYE 1.
 
 Anatomy and Development of the Eye ............................................................................... 3
 
 2.
 
 Physiology of Eye and Vision ............................................................................................ 13
 
 3.
 
 Optics and Refraction ......................................................................................................... 19
 
 4.
 
 Diseases of the Conjunctiva ............................................................................................... 51
 
 5.
 
 Diseases of the Cornea ...................................................................................................... 89
 
 6.
 
 Diseases of the Sclera ...................................................................................................... 127
 
 7.
 
 Diseases of the Uveal Tract ............................................................................................ 133
 
 8.
 
 Diseases of the Lens ........................................................................................................ 167
 
 9.
 
 Glaucoma ........................................................................................................................... 205
 
 10.
 
 Diseases of the Vitreous ................................................................................................... 243
 
 11.
 
 Diseases of the Retina ...................................................................................................... 249
 
 12.
 
 Neuro-ophthalmology ........................................................................................................ 287
 
 13.
 
 Strabismus and Nystagmus .............................................................................................. 313
 
 14.
 
 Diseases of the Eyelids .................................................................................................... 339
 
 15.
 
 Diseases of the Lacrimal Apparatus ................................................................................ 363
 
 16.
 
 Diseases of the Orbit ....................................................................................................... 377
 
 17.
 
 Ocular Injuries .................................................................................................................. 401
 
 18.
 
 Ocular Therapeutics, Lasers and Cryotherapy in Ophthalmology ................................ 417
 
 19.
 
 Systemic Ophthalmology .................................................................................................. 433
 
 20.
 
 Community Ophthalmology .............................................................................................. 443
 
 SECTION II: PRACTICAL OPHTHALMOLOGY 21.
 
 Clinical Methods in Ophthalmology ................................................................................. 461
 
 22.
 
 Clinical Ophthalmic Cases ................................................................................................ 499
 
 23.
 
 Darkroom Procedures ....................................................................................................... 543
 
 24.
 
 Ophthalmic Instruments and Operative Ophthalmology................................................. 571
 
 Index ........................................................................................................................................... 593
 
 This page intentionally left blank
 
 Section-I
 
 ANATOMY, PHYSIOLOGY AND DISEASES OF THE EYE
 
 This page intentionally left blank
 
 1
 
 CHAPTER
 
 1
 
 Anatomy and Development of the Eye
 
 ANATOMY OF THE EYE z The eyeball z Visual pathway z Orbit, extraocular muscles and appendages of the eye
 
 z z z z z
 
 DEVELOPMENT OF THE EYE z Formation of optic vesicle and optic stalk
 
 ANATOMY OF THE EYE This chapter gives only a brief account of the anatomy of eyeball and its related structures. The detailed anatomy of different structures is described in the relevant chapters. THE EYEBALL
 
 Each eyeball (Fig. 1.1) is a cystic structure kept distended by the pressure inside it. Although, generally referred to as a globe, the eyeball is not a sphere but an ablate spheroid. The central point on the maximal convexities of the anterior and posterior curvatures of the eyeball is called the anterior and posterior pole, respectively. The equator of the eyeball lies at the mid plane between the two poles (Fig.1.2).
 
 Coats of the eyeball
 
 The eyeball comprises three coats: outer (fibrous coat), middle (vascular coat) and inner (nervous coat). 1. Fibrous coat. It is a dense strong wall which protects the intraocular contents. Anterior 1/6th of this fibrous coat is transparent and is called cornea. Posterior 5/6th opaque part is called sclera. Cornea is set into sclera like a watch glass. Junction of the cornea and sclera is called limbus. Conjunctiva is firmly attached at the limbus. 2. Vascular coat (uveal tissue). It supplies nutrition to the various structures of the eyeball. It consists of three parts which from anterior to posterior are : iris, ciliary body and choroid. 3. Nervous coat (retina). It is concerned with visual functions. Segments and chambers of the eyeball
 
 Dimensions of an adult eyeball
 
 Anteroposterior diameter Horizontal diameter Vertical diameter Circumference Volume Weight
 
 z
 
 Formation of lens vesicle Formation of optic cup Changes in the associated mesoderm Development of various ocular structures Structures derived from the embryonic layers Important milestones in the development of the eye
 
 24 mm 23.5 mm 23 mm 75 mm 6.5 ml 7 gm
 
 The eyeball can be divided into two segments: anterior and posterior. 1. Anterior segment. It includes crystalline lens (which is suspended from the ciliary body by zonules), and structures anterior to it, viz., iris, cornea and two aqueous humour-filled spaces : anterior and posterior chambers.
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 Fig. 1.1. Gross anatomy of the eyeball. z
 
 Anterior chamber. It is bounded anteriorly by the back of cornea, and posteriorly by the iris and part of ciliary body. The anterior chamber is about 2.5 mm deep in the centre in normal adults. It is shallower in hypermetropes and deeper in myopes, but is almost equal in the two eyes of the same individual. It contains about 0.25 ml of the aqueous humour.
 
 Posterior chamber. It is a triangular space containing 0.06 ml of aqueous humour. It is bounded anteriorly by the posterior surface of iris and part of ciliary body, posteriorly by the crystalline lens and its zonules, and laterally by the ciliary body. 2. Posterior segment. It includes the structures posterior to lens, viz., vitreous humour (a gel like material which fills the space behind the lens), retina, choroid and optic disc. z
 
 VISUAL PATHWAY
 
 Each eyeball acts as a camera; it perceives the images and relays the sensations to the brain (occipital cortex) via visual pathway which comprises optic nerves, optic chiasma, optic tracts, geniculate bodies and optic radiations (Fig. 1.3). ORBIT, EXTRAOCULAR MUSCLES AND APPENDAGES OF THE EYE (FIG. 1.4) Fig. 1.2. Poles and equators of the eyeball.
 
 Each eyeball is suspended by extraocular muscles and fascial sheaths in a quadrilateral pyramid-shaped
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 bony cavity called orbit (Fig. 1.4). Each eyeball is located in the anterior orbit, nearer to the roof and lateral wall than to the floor and medial wall. Each eye is protected anteriorly by two shutters called the eyelids. The anterior part of the sclera and posterior surface of lids are lined by a thin membrane called conjunctiva. For smooth functioning, the cornea and conjunctiva are to be kept moist by tears which are produced by lacrimal gland and drained by the lacrimal passages. These structures (eyelids, eyebrows, conjunctiva and lacrimal apparatus) are collectively called ‘the appendages of the eye’.
 
 Visceral mesoderm of maxillary process. Before going into the development of individual structures, it will be helpful to understand the formation of optic vesicle, lens placode, optic cup and changes in the surrounding mesenchyme, which play a major role in the development of the eye and its related structures. z
 
 DEVELOPMENT OF THE EYE The development of eyeball can be considered to commence around day 22 when the embryo has eight pairs of somites and is around 2 mm in length. The eyeball and its related structures are derived from the following primordia: z Optic vesicle,an outgrowth from prosencephalon (a neuroectodermal structure), z Lens placode, a specialised area of surface ectoderm, and the surrounding surface ectoderm, z Mesenchyme surrounding the optic vesicle, and
 
 Fig. 1.3. Gross anatomy of the visual pathway.
 
 Fig. 1.4. Section of the orbital cavity to demonstrate eyeball and its accessory structures.
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 FORMATION OF OPTIC VESICLE AND OPTIC STALK
 
 The area of neural plate (Fig. 1.5A) which forms the prosencepholon develops a linear thickened area on either side (Fig. 1.5B), which soon becomes depressed to form the optic sulcus (Fig. 1.5C). Meanwhile the neural plate gets converted into prosencephalic vesicle. As the optic sulcus deepens, the walls of the prosencepholon overlying the sulcus bulge out to form the optic vesicle (Figs. 1.5D, E&F). The proximal part of the optic vesicle becomes constricted and elongated to form the optic stalk (Figs. 1.5G&H). FORMATION OF LENS VESICLE
 
 The optic vesicle grows laterally and comes in contact with the surface ectoderm. The surface ectoderm, overlying the optic vesicle becomes thickened to form the lens placode (Fig. 1.6A) which sinks below the surface and is converted into the lens vesicle (Figs. 1.6 B&C). It is soon separated from the surface ectoderm at 33rd day of gestation (Fig. 1.6D). FORMATION OF OPTIC CUP
 
 The optic vesicle is converted into a double-layered optic cup. It appears from Fig. 1.6 that this has happened because the developing lens has invaginated itself into the optic vesicle. In fact conversion of the optic vesicle to the optic cup is due to differential growth of the walls of the vesicle. The margins of optic cup grow over the upper and lateral sides of the lens to enclose it. However, such a growth does not take place over the inferior part of the lens, and therefore, the walls of the cup show deficiency in this part. This deficiency extends to
 
 Fig. 1.5. Formation of the optic vesicle and optic stalk.
 
 Fig. 1.6. Formation of lens vesicle and optic cup.
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 some distance along the inferior surface of the optic stalk and is called the choroidal or fetal fissure (Fig. 1.7).
 
 In the posterior part of optic cup the surrounding fibrous mesenchyme forms sclera and extraocular muscles, while the vascular layer forms the choroid and ciliary body. DEVELOPMENT OF VARIOUS OCULAR STRUCTURES Retina
 
 Retina is developed from the two walls of the optic cup, namely: (a) nervous retina from the inner wall, and (b) pigment epithelium from the outer wall (Fig. 1.10). (a) Nervous retina. The inner wall of the optic cup is a single-layered epithelium. It divides into several layers of cells which differentiate into the following three layers (as also occurs in neural tube):
 
 Fig. 1.7. Optic cup and stalk seen from below to show
 
 CHANGES IN THE ASSOCIATED MESENCHYME
 
 The developing neural tube (from which central nervous system develops) is surrounded by mesenchyme, which subsequently condenses to form meninges. An extension of this mesenchyme also covers the optic vesicle. Later, this mesenchyme differentiates to form a superficial fibrous layer (corresponding to dura) and a deeper vascular layer (corresponding to pia-arachnoid) (Fig. 1.8). With the formation of optic cup, part of the inner vascular layer of mesenchyme is carried into the cup through the choroidal fissure. With the closure of this fissure, the portion of mesenchyme which has made its way into the eye is cut off from the surrounding mesenchyme and gives rise to the hyaloid system of the vessels (Fig. 1.9). The fibrous layer of mesenchyme surrounding the anterior part of optic cup forms the cornea. The corresponding vascular layer of mesenchyme becomes the iridopupillary membrane, which in the peripheral region attaches to the anterior part of the optic cup to form the iris. The central part of this lamina is pupillary membrane which also forms the tunica vasculosa lentis (Fig. 1.9).
 
 Fig. 1.8. Developing optic cup surrounded by mesenchyme.
 
 Fig. 1.9. Derivation of various structures of the eyeball.
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 Crystalline lens
 
 Fig. 1.10. Development of the retina. z
 
 z
 
 z
 
 Matrix cell layer. Cells of this layer form the rods and cones. Mantle layer. Cells of this layer form the bipolar cells, ganglion cells, other neurons of retina and the supporting tissue. Marginal layer. This layer forms the ganglion cells, axons of which form the nerve fibre layer.
 
 (b) Outer pigment epithelial layer. Cells of the outer wall of the optic cup become pigmented. Its posterior part forms the pigmented epithelium of retina and the anterior part continues forward in ciliary body and iris as their anterior pigmented epithelium. Optic nerve
 
 It develops in the framework of optic stalk as below: z Fibres from the nerve fibre layer of retina grow into optic stalk by passing through the choroidal fissure and form the optic nerve fibres. z The neuroectodermal cells forming the walls of optic stalk develop into glial system of the nerve. z The fibrous septa of the optic nerve are developed from the vascular layer of mesenchyme which invades the nerve at 3rd fetal month. z Sheaths of optic nerve are formed from the layers of mesenchyme like meninges of other parts of central nervous system. z Myelination of nerve fibres takes place from brain distally and reaches the lamina cribrosa just before birth and stops there. In some cases, this extends up to around the optic disc and presents as congenital opaque nerve fibres. These develop after birth.
 
 The crystalline lens is developed from the surface ectoderm as below : Lens placode and lens vesicle formation (see page 5, 6 and Fig. 1.6 . Primary lens fibres. The cells of posterior wall of lens vesicle elongate rapidly to form the primary lens fibres which obliterate the cavity of lens vesicle. The primary lens fibres are formed upto 3rd month of gestation and are preserved as the compact core of lens, known as embryonic nucleus (Fig. 1.11). Secondary lens fibres are formed from equatorial cells of anterior epithelium which remain active through out life. Since the secondary lens fibres are laid down concentrically, the lens on section has a laminated appearance. Depending upon the period of development, the secondary lens fibres are named as below : z Fetal nucleus (3rd to 8th month), z Infantile nucleus (last weeks of fetal life to puberty), z Adult nucleus (after puberty), and z Cortex (superficial lens fibres of adult lens) Lens capsule is a true basement membrane produced by the lens epithelium on its external aspect. Cornea (Fig. 1.9)
 
 1. Epithelium is formed from the surface ectoderm. 2. Other layers viz. endothelium, Descemet's membrane, stroma and Bowman's layer are derived from the fibrous layer of mesenchyme lying anterior to the optic cup (Fig. 1.9). Sclera
 
 Sclera is developed from the fibrous layer of mesenchyme surrounding the optic cup (corresponding to dura of CNS) (Fig. 1.9). Choroid
 
 It is derived from the inner vascular layer of mesenchyme that surrounds the optic cup (Fig. 1.9). Ciliary body z
 
 z
 
 The two layers of epithelium of ciliary body develop from the anterior part of the two layers of optic cup (neuroectodermal). Stroma of ciliary body, ciliary muscle and blood vessels are developed from the vascular layer of mesenchyme surrounding the optic cup (Fig. 1.9).
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 Vitreous
 
 1. Primary or primitive vitreous is mesenchymal in origin and is a vascular structure having the hyaloid system of vessels. 2. Secondary or definitive or vitreous proper is secreted by neuroectoderm of optic cup. This is an avascular structure. When this vitreous fills the cavity, primitive vitreous with hyaloid vessels is pushed anteriorly and ultimately disappears. 3. Tertiary vitreous is developed from neuroectoderm in the ciliary region and is represented by the ciliary zonules. Eyelids
 
 Eyelids are formed by reduplication of surface ectoderm above and below the cornea (Fig. 1.12). The folds enlarge and their margins meet and fuse with each other. The lids cut off a space called the conjunctival sac. The folds thus formed contain some mesoderm which would form the muscles of the lid and the tarsal plate. The lids separate after the seventh month of intra-uterine life.
 
 Fig. 1.11. Development of the crystalline lens.
 
 Iris z
 
 z
 
 z
 
 Both layers of epithelium are derived from the marginal region of optic cup (neuroectodermal) (Fig. 1.9). Sphincter and dilator pupillae muscles are derived from the anterior epithelium (neuroectodermal). Stroma and blood vessels of the iris develop from the vascular mesenchyme present anterior to the optic cup.
 
 Fig. 1.12. Development of the eyelids, conjunctiva and lacrimal gland.
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 Tarsal glands are formed by ingrowth of a regular row of solid columns of ectodermal cells from the lid margins. Cilia develop as epithelial buds from lid margins. Conjunctiva
 
 Conjunctiva develops from the ectoderm lining the lids and covering the globe (Fig.1.12). Conjunctival glands develop as growth of the basal cells of upper conjunctival fornix. Fewer glands develop from the lower fornix. The lacrimal apparatus
 
 Lacrimal gland is formed from about 8 cuneiform epithelial buds which grow by the end of 2nd month of fetal life from the superolateral side of the conjunctival sac (Fig. 1.12). Lacrimal sac, nasolacrimal duct and canaliculi. These structures develop from the ectoderm of nasolacrimal furrow. It extends from the medial angle of eye to the region of developing mouth. The ectoderm gets buried to form a solid cord. The cord is later canalised. The upper part forms the lacrimal sac. The nasolacrimal duct is derived from the lower part as it forms a secondary connection with the nasal cavity. Some ectodermal buds arise from the medial margins of eyelids. These buds later canalise to form the canaliculi. Extraocular muscles
 
 All the extraocular muscles develop in a closely associated manner by mesodermally derived mesenchymal condensation. This probably corresponds to preotic myotomes, hence the triple nerve supply (III, IV and VI cranial nerves). STRUCTURES DERIVED FROM THE EMBRYONIC LAYERS
 
 Based on the above description, the various structures derived from the embryonic layers are given below : 1. Surface ectoderm z z z z z
 
 z
 
 The crystalline lens Epithelium of the cornea Epithelium of the conjunctiva Lacrimal gland Epithelium of eyelids and its derivatives viz., cilia, tarsal glands and conjunctival glands. Epithelium lining the lacrimal apparatus.
 
 2. Neural ectoderm z z z z z
 
 z z z
 
 Retina with its pigment epithelium Epithelial layers of ciliary body Epithelial layers of iris Sphincter and dilator pupillae muscles Optic nerve (neuroglia and nervous elements only) Melanocytes Secondary vitreous Ciliary zonules (tertiary vitreous)
 
 3. Associated paraxial mesenchyme z
 
 z z
 
 z z z z z z
 
 z z
 
 Blood vessels of choroid, iris, ciliary vessels, central retinal artery, other vessels. Primary vitreous Substantia propria, Descemet's membrane and endothelium of cornea The sclera Stroma of iris Ciliary muscle Sheaths of optic nerve Extraocular muscles Fat, ligaments and other connective tissue structures of the orbit Upper and medial walls of the orbit Connective tissue of the upper eyelid
 
 4. Visceral mesoderm of maxillary process below the eye z z
 
 Lower and lateral walls of orbit Connective tissue of the lower eyelid
 
 IMPORTANT MILESTONES IN THE DEVELOPMENT OF THE EYE Embryonic and fetal period
 
 Stage of growth
 
 Development
 
 2.6 mm (3 weeks)
 
 Optic pits appear on either side of cephalic end of forebrain. Primary optic vesicleinvaginates. Development of embryonic fissure Retinal layers differentiate, lens vesicle formed. Sclera, cornea and extraocular muscles differen-tiate.
 
 3.5 mm (4 weeks) 5.5 to 6 mm 10 mm (6 weeks) 20 mm (9 weeks)
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 25 mm (10 weeks) 50 mm (3 months)
 
 60 mm (4 months) 230-265 mm (8th month)
 
 265-300mm (9th month)
 
 Lumen of optic nerve obliterated. Optic tracts completed, pars ciliaris retina grows forwards, pars iridica retina grows forward. Hyaloid vessels atrophy, iris sphincter is formed. Fetal nucleus of lens is complete, all layers of retina nearly developed, macula starts differentiation. Except macula, retina is fully developed, infantile nucleus of lens begins to appear, pupillary membr-ane and hyaloid vessels disappear.
 
 z
 
 z z
 
 z
 
 z
 
 z z
 
 z
 
 Postnatal period z
 
 z z
 
 Eye at birth z
 
 Anteroposterior diameter of the eyeball is about 16.5 mm (70% of adult size which is attained by 7-8 years).
 
 Corneal diameter is about 10 mm. Adult size (11.7 mm) is attained by 2 years of age. Anterior chamber is shallow and angle is narrow. Lens is spherical at birth. Infantile nucleus is present. Retina. Apart from macular area the retina is fully differentiated. Macula differentiates 4-6 months after birth. Myelination of optic nerve fibres has reached the lamina cribrosa. Newborn is usually hypermetropic by +2 to +3 D. Orbit is more divergent (50°) as compared to adult (45°). Lacrimal gland is still underdeveloped and tears are not secreted.
 
 z
 
 z
 
 Fixation starts developing in first month and is completed in 6 months. Macula is fully developed by 4-6 months. Fusional reflexes, stereopsis and accommodation is well developed by 4-6 months. Cornea attains normal adult diameter by 2 years of age. Lens grows throughout life.
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 CHAPTER
 
 2
 
 Physiology of Eye and Vision
 
 MAINTENANCE OF CLEAR INTRODUCTION OCULAR MEDIA  Physiology of tears 
 
 Physiology of cornea
 
 
 
 Physiology of crystalline lens
 
 
 
 Physiology of aqueous humour and maintenance of intraocular pressure
 
 INTRODUCTION Sense of vision, the choicest gift from the Almighty to the humans and other animals, is a complex function of the two eyes and their central connections. The physiological activities involved in the normal functioning of the eyes are :  Maintenance of clear ocular media,  Maintenance of normal intraocular pressure,  The image forming mechanism,  Physiology of vision,  Physiology of binocular vision,  Physiology of pupil, and  Physiology of ocular motility.
 
 MAINTENANCE OF CLEAR OCULAR MEDIA The main prerequiste for visual function is the maintenance of clear refractive media of the eye. The major factor responsible for transparency of the ocular media is their avascularity. The structures forming refractive media of the eye from anterior to posterior are :  Tear film,  Cornea,  Aqueous humour,
 
 PHYSIOLOGY OF VISION  Phototransduction  Processing and transmission of visual impulse  Visual perceptions PHYSIOLOGY OF OCULAR MOTILITY AND BINOCULAR VISION  Ocular motility  Binocular single vision
 
  
 
 Crystalline lens, and Vitreous humour
 
 PHYSIOLOGY OF TEARS
 
 Tear film plays a vital role in maintaining the transparency of cornea. The physiological apsects of the tears and tear film are described in the chapter on diseases of the lacrimal apparatus (see page 364). PHYSIOLOGY OF CORNEA
 
 The cornea forms the main refractive medium of the eye. Physiological aspects in relation to cornea include:  Transparency of cornea,  Nutrition and metabolism of cornea,  Permeability of cornea, and  Corneal wound healing. For details see page 90 PHYSIOLOGY OF CRYSTALLINE LENS
 
 The crystalline lens is a transparent structure playing main role in the focussing mechanism for vision. Its physiological aspects include :  Lens transparency  Metabolic activities of the lens  Accommodation. For details see page 39 and 168
 
 14 14
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 PHYSIOLOGY OF AQUEOUS HUMOUR AND MAINTENANCE OF INTRAOCULAR PRESSURE
 
 The aqueous humour is a clear watery fluid filling the anterior chamber (0.25ml) and the posterior chamber (0.06ml) of the eyeball. In addition to its role in maintaining a proper intraocular pressure it also plays an important metabolic role by providing substrates and removing metabolities from the avascular cornea and the crystalline lens. For details see page 207.
 
 PHYSIOLOGY OF VISION Physiology of vision is a complex phenomenon which is still poorly understood. The main mechanisms involved in physiology of vision are :  Initiation of vision (Phototransduction), a function of photoreceptors (rods and cones),  Processing and transmission of visual sensation, a function of image processing cells of retina and visual pathway, and  Visual perception, a function of visual cortex and related areas of cerebral cortex.
 
 stages (Fig. 2.1). The all trans-retinal so formed is soon separated from the opsin. This process of separation is called photodecomposition and the rhodopsin is said to be bleached by the action of light. Rhodopsin regeneration. The 11-cis-retinal is regenerated from the all-trans-retinal separated from the opsin (as described above) and vitamin-A (retinal) supplied from the blood. The 11-cis-retinal then reunits with opsin in the rod outer segment to form the rhodopsin. This whole process is called rhodopsin regeneration (Fig. 2.1). Thus, the bleaching of the rhodopsin occurs under the influence of light, whereas the regeneration process is independent of light, proceeding equally well in light and darkness.
 
 PHOTOTRANSDUCTION
 
 The rods and cones serve as sensory nerve endings for visual sensation. Light falling upon the retina causes photochemical changes which in turn trigger a cascade of biochemical reactions that result in generation of electrical changes. Photochemical changes occuring in the rods and cones are essentially similar but the changes in rod pigment (rhodopsin or visual purple) have been studied in more detail. This whole phenomenon of conversion of light energy into nerve impulse is known as phototransduction. Photochemical changes
 
 The photochemical changes include : Rhodopsin bleaching. Rhodopsin refers to the visual pigment present in the rods – the receptors for night (scotopic) vision. Its maximum absorption spectrum is around 500 nm. Rhodopsin consists of a colourless protein called opsin coupled with a carotenoid called retinine (Vitamin A aldehyde or II-cis-retinal). Light falling on the rods converts 11-cis-retinal component of rhodopsin into all-trans-retinal through various
 
 Fig. 2.1. Light induced changes in rhodopsin.
 
 Visual cycle. In the retina of living animals, under constant light stimulation, a steady state must exist under which the rate at which the photochemicals are bleached is equal to the rate at which they are regenerated. This equilibrium between the photodecomposition and regeneration of visual pigments is referred to as visual cycle (Fig. 2.2).
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 Table 2.1. Differences in the sensitivity of M and P cells to stimulus features Stimulus feature Colour contrast Luminance contrast Spatial frequency Temporal frequency
 
 Fig. 2.2. Visual cycle.
 
 Electrical changes
 
 The activated rhodopsin, following exposure to light, triggers a cascade of complex biochemical reactions which ultimately result in the generation of receptor potential in the photoreceptors. In this way, the light energy is converted into electrical energy which is further processed and transmitted via visual pathway. PROCESSING AND TRANSMISSION OF VISUAL IMPULSE
 
 The receptor potential generated in the photoreceptors is transmitted by electrotonic conduction (i.e., direct flow of electric current, and not as action potential) to other cells of the retina viz. horizontal cells, amacrine cells, and ganglion cells. However, the ganglion cells transmit the visual signals by means of action potential to the neurons of lateral geniculate body and the later to the primary visual cortex. The phenomenon of processing of visual impulse is very complicated. It is now clear that visual image is deciphered and analyzed in both serial and parallel fashion. Serial processing. The successive cells in the visual pathway starting from the photoreceptors to the cells of lateral geniculate body are involved in increasingly complex analysis of image. This is called sequential or serial processing of visual information. Parallel processing. Two kinds of cells can be distinguished in the visual pathway starting from the ganglion cells of retina including neurons of the lateral geniculate body, striate cortex, and extrastriate cortex. These are large cells (magno or M cells) and small cells (parvo or P cells). There are strikinging differences between the sensitivity of M and P cells to stimulus features (Table 2.1).
 
 M cell No Higher Lower Higher
 
 Sensitivity P cell Yes Lower Higher Lower
 
 The visual pathway is now being considered to be made of two lanes: one made of the large cells is called magnocellular pathway and the other of small cells is called parvocellular pathway. These can be compared to two-lanes of a road. The M pathway and P pathway are involved in the parallel processing of the image i.e., analysis of different features of the image. VISUAL PERCEPTION
 
 It is a complex integration of light sense, form sense, sense of contrast and colour sense. The receptive field organization of the retina and cortex are used to encode this information about a visual image. 1. The light sense
 
 It is awareness of the light. The minimum brightness required to evoke a sensation of light is called the light minimum. It should be measured when the eye is dark adapted for at least 20-30 minutes. The human eye in its ordinary use throughout the day is capable of functioning normally over an exceedingly wide range of illumination by a highly complex phenomenon termed as the visual adaptation. The process of visual adaptation primarily involves :  Dark adaptation (adjustment in dim illumination), and  Light adaptation (adjustment to bright illumination). Dark adaptation
 
 It is the ability of the eye to adapt itself to decreasing illumination. When one goes from bright sunshine into a dimly-lit room, one cannot perceive the objects in the room until some time has elapsed. During this period, eye is adapting to low illumination. The time taken to see in dim illumination is called ‘dark adaptation time’. The rods are much more sensitive to low illumination than the cones. Therefore, rods are used
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 more in dim light (scotopic vision) and cones in bright light (photopic vision). Dark adaptation curve (Fig. 2.3) plotted with illumination of test object in vertical axis and duration of dark adaptation along the horizontal axis shows that visual threshold falls progressively in the darkened room for about half an hour until a relative constant value is reached. Further, the dark adaptation curve consists of two parts: the initial small curve represents the adaptation of cones and the remainder of the curve represents the adaptation of rods.
 
 where there are maximum number of cones and decreases very rapidly towards the periphery (Fig. 2.4). Visual acuity recorded by Snellen's test chart is a measure of the form sense.
 
 Fig. 2.4. Visual acuity (form sense) in relation to the regions of the retina: N, nasal retina; B, blind spot; F, foveal region; and T, temporal retina.
 
 Fig. 2.3. Dark adaptation curve plotted with illumination of test object in vertical axis and duration of dark adaptation along the horizontal axis.
 
 When fully dark adapted, the retina is about one lakh times more sensitive to light than when bleached. Delayed dark adaptation occurs in diseases of rods e.g., retinitis pigmentosa and vitamin A deficiency. Light adaptation
 
 When one passes suddenly from a dim to a brightly lighted environment, the light seems intensely and even uncomfortably bright until the eyes adapt to the increased illumination and the visual threshold rises. The process by means of which retina adapts itself to bright light is called light adaptation. Unlike dark adaptation, the process of light adaptation is very quick and occurs over a period of 5 minutes. Strictly speaking, light adaptation is merely the disappearance of dark adaptation. 2. The form sense
 
 It is the ability to discriminate between the shapes of the objects. Cones play a major role in this faculty. Therefore, form sense is most acute at the fovea,
 
 Components of visual acuity. In clinical practice, measurement of the threshold of discrimination of two spatially-separated targets (a function of the fovea centralis) is termed visual acuity. However, in theory, visual acuity is a highly complex function that consists of the following components : Minimum visible. It is the ability to determine whether an object is present or not. Resolution (ordinary visual acuity). Discrimination of two spatially separated targets is termed resolution. The minimum separation between the two points, which can be discriminated as two, is known as minimum resolvable. Measurement of the threshold of discrimination is essentially an assessment of the function of the fovea centralis and is termed ordinary visual acuity. Histologically, the diameter of a cone in the foveal region is 0.004 mm and this, therefore, represents the smallest distance between two cones. It is reported that in order to produce an image of minimum size of 0.004mm (resolving power of the eye) the object must subtend a visual angle of 1 minute at the nodal point of the eye. It is called the minimum angle of resolution (MAR). The clinical tests determining visual acuity measure the form sense or reading ability of the eye. Thus, broadly, resolution refers to the ability to identify the spatial characteristics of a test figure. The test targets
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 in these tests may either consist of letters (Snellen’s chart) or broken circle (Landolt’s ring). More complex targets include gratings and checker board patterns. Recognition. It is that faculty by virtue of which an individual not only discriminates the spatial characteristics of the test pattern but also identifies the patterns with which he has had some experience. Recognition is thus a task involving cognitive components in addition to spatial resolution. For recognition, the individual should be familiar with the set of test figures employed in addition to being able to resolve them. The most common example of recognition phenomenon is identification of faces. The average adult can recognize thousands of faces. Thus, the form sense is not purely a retinal function, as, the perception of its composite form (e.g., letters) is largely psychological. Minimum discriminable refers to spatial distinction by an observer when the threshold is much lower than the ordinary acuity. The best example of minimum discriminable is vernier acuity, which refers to the ability to determine whether or not two parallel and straight lines are aligned in the frontal plane. 3. Sense of contrast
 
 It is the ability of the eye to perceive slight changes in the luminance between regions which are not separated by definite borders. Loss of contrast sensitivity results in mild fogginess of the vision. Contrast sensitivity is affected by various factors like age, refractive errors, glaucoma, amblyopia, diabetes, optic nerve diseases and lenticular changes. Further, contrast sensitivity may be impaired even in the presence of normal visual acuity.
 
 1. Trichromatic theory. The trichromacy of colour vision was originally suggested by Young and subsequently modified by Helmholtz. Hence it is called Young-Helmholtz theory. It postulates the existence of three kinds of cones, each containing a different photopigment which is maximally sensitive to one of the three primary colours viz. red, green and blue. The sensation of any given colour is determined by the relative frequency of the impulse from each of the three cone systems. In other words, a given colour consists of admixture of the three primary colours in different proportion. The correctness of the YoungHelmholtz’s trichromacy theory of colour vision has now been demonstrated by the identification and chemical characterization of each of the three pigments by recombinant DNA technique, each having different absorption spectrum as below (Fig. 2.5):  Red sensitive cone pigment, also known as erythrolabe or long wave length sensitive (LWS) cone pigment, absorbs maximally in a yellow portion with a peak at 565 mm. But its spectrum extends far enough into the long wavelength to sense red.  Green sensitive cone pigment, also known as chlorolabe or medium wavelength sensitive (MWS) cone pigment, absorbs maximally in the green portion with a peak at 535 nm.  Blue sensitive cone pigment, also known as cyanolabe or short wavelength sensitive (SWS) cone pigment, absorbs maximally in the blue-violet portion of the spectrum with a peak at 440 nm.
 
 4. Colour sense
 
 It is the ability of the eye to discriminate between different colours excited by light of different wavelengths. Colour vision is a function of the cones and thus better appreciated in photopic vision. In dim light (scotopic vision), all colours are seen grey and this phenomenon is called Purkinje shift. Theories of colour vision
 
 The process of colour analysis begins in the retina and is not entirely a function of brain. Many theories have been put forward to explain the colour perception, but two have been particularly influential:
 
 Fig. 2.5. Absorption spectrum of three cone pigments.
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 Thus, the Young-Helmholtz theory concludes that blue, green and red are primary colours, but the cones with their maximal sensitivity in the yellow portion of the spectrum are light at a lower threshold than green. It has been studied that the gene for human rhodopsin is located on chromosome 3, and the gene for the blue-sensitive cone is located on chromosome 7. The genes for the red and green sensitive cones are arranged in tandem array on the q arm of the X chromosomes. 2. Opponent colour theory of Hering. The opponent colour theory of Hering points out that some colours appear to be ‘mutually exclusive’. There is no such colour as ‘reddish-green’, and such phenomenon can be difficult to explain on the basis of trichromatic theory alone. In fact, it seems that both theories are useful in that:  The colour vision is trichromatic at the level of photoreceptors, and
 
 Colour apponency occurs at ganglion cell onward. According to apponent colour theory, there are two main types of colour opponent ganglion cells:  Red-green opponent colour cells use signals from red and green cones to detect red/green contrast within their receptive field.  Blue-yellow opponent colour cells obtain a yellow signal from the summed output of red and green cones, which is contrasted with the output from blue cones within the receptive field. 
 
 PHYSIOLOGY OF OCULAR MOTILITY AND BINOCULAR VISION PHYSIOLOGY OF OCULAL MOTILITY
 
 See page 313. PHYSIOLOGY OF BINOCULAR SINGLE VISION
 
 See page 318.
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 in phakic eye; and those between 600 nm and 295 nm in aphakic eyes.
 
 LIGHT
 
 GEOMETRICAL OPTICS
 
 Light is the visible portion of the electromagnetic radiation spectrum. It lies between ultraviolet and infrared portions, from 400 nm at the violet end of the spectrum to 700 nm at the red end. The white light consists of seven colours denoted by VIBGYOR (violet, indigo, blue, green, yellow, orange and red). Light ray is the term used to describe the radius of the concentric wave forms. A group of parallel rays of light is called a beam of light. Important facts to remember about light rays are :  The media of the eye are uniformally permeable to the visible rays between 600 nm and 390 nm.  Cornea absorbs rays shorter than 295 nm. Therefore, rays between 600 nm and 295 nm only can reach the lens.  Lens absorbs rays shorter than 350 nm. Therefore, rays between 600 and 350 nm can reach the retina
 
 The behaviour of light rays is determined by rayoptics. A ray of light is the straight line path followed by light in going from one point to another. The rayoptics, therefore, uses the geometry of straight lines to account for the macroscopic phenomena like rectilinear propagation, reflection and refraction. That is why the ray-optics is also called geometrical optics. The knowledge of geometrical optics is essential to understand the optics of eye, errors of refraction and their correction. Therefore, some of its important aspects are described in the following text. Reflection of light
 
 Reflection of light is a phenomenon of change in the path of light rays without any change in the medium (Fig. 3.1). The light rays falling on a reflecting surface are called incident rays and those reflected by it are
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 reflected rays. A line drawn at right angle to the surface is called the normal. Laws of reflection are (Fig. 3.1): 1. The incident ray, the reflected ray and the normal at the point of incident, all lie in the same plane. 2. The angle of incidence is equal to the angle of reflection.
 
 2. Spherical mirror. A spherical mirror (Fig. 3.3) is a part of a hollow sphere whose one side is silvered and the other side is polished. The two types of spherical mirrors are : concave mirror (whose reflecting surface is towards the centre of the sphere) and convex mirror (whose reflecting surface is away from the centre of the sphere. Cardinal data of a mirror (Fig. 3.3)  The centre of curvature (C) and radius of curvature (R) of a spherical mirror are the centre and radius, respectively, of the sphere of which the mirror forms a part.  Normal to the spherical mirror at any point is the line joining that point to the centre of curvature (C) of the mirror.  Pole of the mirror (P) is the centre of the reflecting surface.  Principal axis of the mirror is the straight line joining the pole and centre of curvature of spherical mirror and extended on both sides.
 
 Fig. 3.1. Laws of reflection.
 
 Mirrors
 
 A smooth and well-polished surface which reflects regularly most of the light falling on it is called a mirror. Types of mirrors Mirrors can be plane or spherical. 1. Plane mirror. The features of an image formed by a plane mirror (Fig. 3.2) are: (i) it is of the same size as the object; (ii) it lies at the same distance behind the mirror as the object is in front; (iii) it is laterally inverted; and (iv) virtual in nature.
 
 Fig. 3.2. Image formation with a plane mirror.
 
 Fig. 3.3. Cardinal points of a concave mirror.
 
 Principal focus (F) of a spherical mirror is a point on the principal axis of the mirror at which, ray incident on the mirror in a direction parallel to the principal axis actually meet (in concave mirror) or appear to diverge (as in convex mirror) after reflection from the mirror.  Focal length (f) of the mirror is the distance of principal focus from the pole of the spherical mirror. Images formed by a concave mirror As a summary, Table 3.1 gives the position, size and nature of images formed by a concave mirror for different positions of the object. Figures 3.4 a, b, c, d, e and f illustrate various situations. 
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 Table 3.1. Images formed by a concave mirror for different positions of object No. 1. 2. 3. 4. 5. 6.
 
 Position of the object
 
 Position of the image
 
 Nature and size of the image
 
 Ray diagram
 
 At infinity Beyond the centre of curvature (C) At C
 
 At the principal focus (F) Between F & C
 
 Fig. 3.4 (a) Fig. 3.4 (b)
 
 Between F & C At F Between pole of the mirror (P) and focus (F)
 
 Beyond C At infinity Behind the mirror
 
 Real, very small and inverted Real, diminished in size, and inverted Real, same size as object and inverted Real, enlarged and inverted Real, very large and inverted Virtual, enlarged and erect
 
 At C
 
 Fig. 3.4 (c) Fig. 3.4 (d) Fig. 3.4 (e) Fig. 3.4 (f)
 
 Fig. 3.4. Images formed by a concave mirror for different positions of the object : (a) at infinity; (b) between infinity and C; (c) at C; (d) between C and F; (e) at F; (f) between F and P.
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 Refraction of light
 
 Refraction of light is the phenomenon of change in the path of light, when it goes from one medium to another. The basic cause of refraction is change in the velocity of light in going from one medium to the other. Laws of refraction are (Fig. 3.5): 1. The incident and refracted rays are on opposite sides of the normal and all the three are in the same plane. 2. The ratio of sine of angle of incidence to the sine of angle of refraction is constant for the part of media in contact. This constant is denoted by the letter n and is called ‘refractive index’ of the medium 2 in which the refracted ray lies with respect to medium 1 (in which the incident ray sin i lies), i.e., sin r = 1n2. When the medium 1 is air (or vaccum), then n is called the refractive index of the medium 2. This law is also called Snell’s law of refraction.
 
 Critical angle refers to the angle of incidence in the denser medium, corresponding to which angle of refraction in the rare medium is 90°. It is represented by C and its value depends on the nature of media in contact. The principle of total internal reflection is utilized in many optical equipments; such as fibroptic lights, applanation tonometer, and gonioscope.
 
 Fig. 3.6. Refraction of light (1-1'); path of refracted ray at critical angle, c (2-2'); and total internal reflection (3-3').
 
 Prism
 
 A prism is a refracting medium, having two plane surfaces, inclined at an angle. The greater the angle formed by two surfaces at the apex, the stronger the prismatic effect. The prism produces displacement of the objects seen through it towards apex (away from the base) (Fig. 3.7). The power of a prism is measured in prism dioptres. One prism dioptre (∆) produces displacement of an object by one cm when kept at a distance of one metre. Two prism dioptres of displacement is approximately equal to one degree of arc. Fig. 3.5. Laws of refraction. N1 and N2 (normals); I (incident ray); i (angle of incidence); R (refracted ray, bent towards normal); r (angle of refraction); E (emergent ray, bent away from the normal).
 
 Total internal reflection
 
 When a ray of light travelling from an optically- denser medium to an optically-rarer medium is incident at an angle greater than the critical angle of the pair of media in contact, the ray is totally reflected back into the denser medium (Fig. 3.6). This phenomenon is called total internal reflection.
 
 Fig. 3.7. Refraction by a prism.
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 Uses. In ophthalmology, prisms are used for : 1. Objective measurement of angle of deviation (Prism bar cover test, Krimsky test). 2. Measurement of fusional reserve and diagnosis of microtropia. 3. Prisms are also used in many ophthalmic equipments such as gonioscope, keratometer, applanation tonometer. 4. Therapeutically, prisms are prescribed in patients with phorias and diplopia. Lenses
 
 A lens is a transparent refracting medium, bounded by two surfaces which form a part of a sphere (spherical lens) or a cylinder (cylindrical or toric lens). Cardinal data of a lens (Fig. 3.8) 1. Centre of curvature (C) of the spherical lens is the centre of the sphere of which the refracting lens surface is a part. 2. Radius of curvature of the spherical lens is the radius of the sphere of which the refracting surface is a part.
 
 lens power is taken as negative. It is measured as reciprocal of the focal length in metres i.e. P = 1/f. The unit of power is dioptre (D). One dioptre is the power of a lens of focal length one metre. Types of lenses Lenses are of two types: the spherical and cylindrical (toric or astigmatic). 1. Spherical lenses. Spherical lenses are bounded by two spherical surfaces and are mainly of two types : convex and concave. (i) Convex lens or plus lens is a converging lens. It may be of biconvex, plano-convex or concavo-convex (meniscus) type (Fig. 3.9).
 
 Fig. 3.9. Basic forms of a convex lens: (A) biconvex; (B) plano-convex; (C) concavo-convex.
 
 Fig. 3.8. Cardinal points of a convex lens: optical centre (O); principal focus (F); centre of curvature (C); and principal axis (AB).
 
 3. The principal axis (AB) of the lens is the line joining the centres of curvatures of its surfaces. 4. Optical centre (O) of the lens corresponds to the nodal point of a thick lens. It is a point on the principal axis in the lens, the rays passing from where do not undergo deviation. In meniscus lenses the optical centre lies outside the lens. 5. The principal focus (F) of a lens is that point on the principal axis where parallel rays of light, after passing through the lens, converge (in convex lens) or appear to diverge (in concave lens). 6. The focal length (f) of a lens is the distance between the optical centre and the principal focus. 7. Power of a lens (P) is defined as the ability of the lens to converge a beam of light falling on the lens. For a converging (convex) lens the power is taken as positive and for a diverging (concave)
 
 Identification of a convex lens. (i) The convex lens is thick in the centre and thin at the periphery (ii) An object held close to the lens, appears magnified. (iii) When a convex lens is moved, the object seen through it moves in the opposite direction to the lens. Uses of convex lens. It is used (i) for correction of hypermetropia, aphakia and presbyopia; (ii) in oblique illumination (loupe and lens) examination, in indirect ophthalmoscopy, as a magnifying lens and in many other equipments. Image formation by a convex lens. Table 3.2 and Fig. 3.10 provide details about the position, size and the nature of the image formed by a convex lens. (ii) Concave lens or minus lens is a diverging lens. It is of three types: biconcave, plano-concave and convexo-concave (meniscus) (Fig. 3.11). Identification of concave lens. (i) It is thin at the centre and thick at the periphery. (ii) An object seen through it appears minified. (iii) When the lens is moved, the object seen through it moves in the same direction as the lens.
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 Fig. 3.10. Images formed by a convex lens for different positions of the object, (a) at infinity ; (b) beyond 2F1 ; (c) at 2F1; (d) between F1 and 2F1; (e) at F1; (f) between F1 and optical centre of lens Table 3.2. Images formed by a convex lens for various positions of object No.
 
 Position of the object
 
 Position of the image
 
 Nature and size of the image
 
 Ray diagram
 
 At infinity
 
 At focus (F2)
 
 Real, very small and inverted
 
 Fig. 3.10 (a)
 
 2.
 
 Beyond 2F1
 
 Between F2 and 2F 2
 
 Real, diminished and inverted
 
 Fig. 3.10 (b)
 
 3.
 
 At 2F1
 
 At 2F2
 
 Real, same size and inverted
 
 Fig. 3.10 (c)
 
 4.
 
 Between F 1 and 2F1
 
 Beyond 2F2
 
 Real, enlarged and inverted
 
 Fig. 3.10 (d)
 
 5.
 
 At focus F1
 
 At infinity
 
 Real, very large and inverted
 
 Fig. 3.10 (e)
 
 6.
 
 Between F1 and the optical centre of the lens
 
 On the same side of lens
 
 Virtual, enlarged and erect
 
 Fig. 3.10 (f)
 
 1.
 
 Uses of concave lens. It is used (i) for correction of myopia; (ii) as Hruby lens for fundus examination with slit-lamp. Image formation by a concave lens. A concave lens always produces a virtual, erect image of an object (Fig. 3.12). Fig. 3.11. Basic forms of a concave lens: biconcave (A); plano-concave (B); and convexo-concave (C).
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 Fig. 3.12. Image formation by a concave lens.
 
 2. Cylindrical lens. A cylindrical lens acts only in one axis i.e., power is incorporated in one axis, the other axis having zero power. A cylindrical lens may be convex (plus) or concave (minus). A convex cylindrical lens is a segment of a cylinder of glass cut parallel to its axis (Fig. 3.13A). Whereas a lens cast in a convex cylindrical mould is called concave cylindrical lens (Fig. 3.13B). The axis of a cylindrical lens is parallel to that of the cylinder of which it is a segment. The cylindrical lens has a power only in the direction at right angle to the axis. Therefore, the parallel rays of light after passing through a cylindrical lens do not come to a point focus but form a focal line (Fig. 3.14).
 
 Identification of a cylindrical lens. (i) When the cylindrical lens is rotated around its optical axis, the object seen through it becomes distorted. (ii) The cylindrical lens acts in only one axis, so when it is moved up and down or sideways, the objects will move with the lens (in concave cylinder) or opposite to the lens (in convex cylinder) only in one direction. Uses of cylindrical lenses. (i) Prescribed to correct astigmatism (ii) As a cross cylinder used to check the refraction subjectively. Images formed by cylindrical lenses. Cylindrical or astigmatic lens may be simple (curved in one meridian only, either convex or concave), compound (curved unequally in both the meridians, either convex or concave). The compound cylindrical lens is also called sphericylinder. In mixed cylinder one meridian is convex and the other is concave. Sturm's conoid The configuration of rays refracted through a toric surface is called the Sturm’s conoid. The shape of bundle of the light rays at different levels in Sturm's conoid (Fig. 3.15) is as follows:  At point A, the vertical rays (V) are converging more than the horizontal rays (H); so the section here is a horizontal oval or an oblate ellipse.  At point B, (first focus) the vertical rays have come to a focus while the horizontal rays are still converging and so they form a horizontal line.  At point C, the vertical rays are diverging and their divergence is less than the convergence of the horizontal rays; so a horizontal oval is formed here.
 
 Fig. 3.13. Cylindrical lenses: convex (A) and concave (B).
 
 Fig. 3.14. Refraction through a convex cylindrical lens.
 
 Fig. 3.15. Sturm's conoid.
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 At point D, the divergence of vertical rays is exactly equal to the convergence of the horizontal rays from the axis. So here the section is a circle, which is called the circle of least diffusion. At point E, the divergence of vertical rays is more than the convergence of horizontal rays; so the section here is a vertical oval. At point F, (second focus), the horizontal rays have come to a focus while the vertical rays are divergent and so a vertical line is formed here. Beyond F, (as at point G) both horizontal and vertical rays are diverging and so the section will always be a vertical oval or prolate ellipse. The distance between the two foc (B and F) is called the focal interval of Sturm.
 
 OPTICS OF THE EYE
 
 As an optical instrument, the eye is well compared to a camera with retina acting as a unique kind of 'film'. The focusing system of eye is composed of several refracting structures which (with their refractive indices given in parentheses) include the cornea (1.37), the aqueous humour (1.33), the crystalline lens (1.42), and the vitreous humour (1.33). These constitute a homocentric system of lenses, which when combined in action form a very strong refracting system of a short focal length. The total dioptric power of the eye is about +60 D out of which about +44 D is contributed by cornea and +16 D by the crystalline lens. Cardinal points of the eye
 
 Listing and Gauss, while studying refraction by lens combinations, concluded that for a homocentric lenses system, there exist three pairs of cardinal points, which are: two principal foci, two principal points and two nodal points all situated on the principal axis of the system. Therefore, the eye, forming a homocentric complex lens system, when analyzed optically according to Gauss' concept can be resolved into six cardinal points (schematic eye). Schematic eye
 
 The cardinal points in the schematic eye as described by Gullstrand are as follows (Fig. 13.16A):  Total dioptric power is +58 D, of which cornea contributes +43 D and the lens +15 D.  The principal foci F and F lie 15.7 mm in front 1 2 of and 24.4 mm behind the cornea, respectively.
 
 Fig. 3.16. Cardinal points of schematic eye (A); and reduced eye (B). 
 
 
 
 The principal points P1 and P2 lie in the anterior chamber, 1.35 mm and 1.60 mm behind the anterior surface of cornea, respectively. The nodal points N1 and N2 lie in the posterior part of lens, 7.08 mm and 7.33 mm behind the anterior surface of cornea, respectively.
 
 The reduced eye
 
 Listing's reduced eye. The optics of eye otherwise is very complex. However, for understanding, Listing has simplified the data by choosing single principal point and single nodal point lying midway between two principal points and two nodal points, respectively. This is called Listing's reduced eye. The simplified data of this eye (Fig. 3.16b) are as follows :  Total dioptric power +60 D.  The principal point (P) lies 1.5 mm behind the anterior surface of cornea.  The nodal point (N) is situated 7.2 mm behind the anterior surface of cornea.
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 The anterior focal point is 15.7 mm in front of the anterior surface of cornea. The posterior focal point (on the retina) is 24.4 mm behind the anterior surface of cornea. The anterior focal length is 17.2 mm (15.7 + 1.5) and the posterior focal length is 22.9 mm (24.4 – 1.5).
 
 Axes and visual angles of the eye
 
 The eye has three principal axes and three visual angles (Fig. 3.17). Axes of the eye 1. Optical axis is the line passing through the centre of the cornea (P), centre of the lens (N) and meets the retina (R) on the nasal side of the fovea. 2. Visual axis is the line joining the fixation point (O), nodal point (N), and the fovea (F). 3. Fixation axis is the line joining the fixation point (O) and the centre of rotation (C).
 
 Fig. 3.17. Axis of the eye: optical axis (AR); visual axis (OF); fixation axis (OC) and visual angles : angle alpha (ONA, between optical axis and visual axis at nodal point N); angle kappa (OPA, between optical axis and pupillary line – OP); angle gamma (OCA, between optical axis and fixation axis).
 
 Visual angles (Fig. 3.17) 1. Angle alpha. It is the angle (ONA) formed between the optical axis (AR) and visual axis (OF) at the nodal point (N). 2. Angle gamma. It is the angle (OCA) between the optical axis (AR) and fixation axis (OC) at the centre of rotation of the eyeball (C). 3. Angle kappa. It is the angle (OPA) formed between the visual axis (OF) and pupillary line (AP). The point P on the centre of cornea is considered equivalent to the centre of pupil. Practically only the angle kappa can be measured and is of clinical significance. A positive angle kappa results in pseudo-exotropia and a negative angle kappa in pseudo-esotropia.
 
 Optical aberrations of the normal eye
 
 The eye, in common with many optical systems in practical use, is by no means optically perfect; the lapses from perfection are called aberrations. Fortunately, the eyes possess those defects to so small a degree that, for functional purposes, their presence is immaterial. It has been said that despite imperfections the overall performance of the eye is little short of astonishing. Physiological optical defects in a normal eye include the following : 1. Diffraction of light. Diffraction is a bending of light caused by the edge of an aperture or the rim of a lens. The actual pattern of a diffracted image point produced by a lens with a circular aperture or pupil is a series of concentric bright and dark rings (Fig. 3.18). At the centre of the pattern is a bright spot known as the Airy disc.
 
 Fig. 3.18. The diffraction of light. Light brought to a focus does not come to a point,but gives rise to a blurred disc of light surrounded by several dark and light bands (the 'Airy disc').
 
 2. Spherical aberrations. Spherical aberrations occur owing to the fact that spherical lens refracts peripheral rays more strongly than paraxial rays which in the case of a convex lens brings the more peripheral rays to focus closer to the lens (Fig. 3.19). The human eye, having a power of about +60 D, was long thought to suffer from various amounts of spherical aberrations. However, results from aberroscopy have revealed the fact that the dominant aberration of human eye is not spherical aberration but rather a coma-like aberration. 3. Chromatic aberrations. Chromatic aberrations result owing to the fact that the index of refraction of any transparent medium varies with the wavelength of incident light. In human eye, which optically acts
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 6. Coma. Different areas of the lens will form foci in planes other than the chief focus. This produces in the image plane a 'coma effect' from a point source of light.
 
 ERRORS OF REFRACTION
 
 Fig. 3.19. Spherical aberration. Because there is greater refraction at periphery of spherical lens than near centre, incoming rays of light do not truly come to a point focus.
 
 Emmetropia (optically normal eye) can be defined as a state of refraction, where in the parallel rays of light coming from infinity are focused at the sensitive layer of retina with the accommodation being at rest (Fig. 3.21).
 
 as a convex lens, blue light is focussed slightly in front of the red (Fig. 3.20). In other words, the emmetropic eye is in fact slightly hypermetropic for red rays and myopic for blue and green rays. This in fact forms the basis of bichrome test used in subjective refraction. Fig. 3.21. Refraction in an emmetropic eye.
 
 Fig. 3.20. Chromatic aberration. The dioptric system of the eye is represented by a simple lens. The yellow light is focussed on the retina, and the eye is myopic for blue, and hypermetropic for red.
 
 4. Decentring. The cornea and lens surfaces alter the direction of incident light rays causing them to focus on the retina. Actually these surfaces are not centred on a common axis. The crystalline lens is usually slightly decentred and tipped with respect to the axis of the cornea and with respect to the visual axis of the eye. It has been reported that the centre of curvature of cornea is situated about 0.25 mm below the axis of the lens. However, the effects of deviation are usually so small that they are functionally neglected. 5. Oblique aberration. Objects in the peripheral field are seen by virtue of obliquely incident narrow pencil of rays which are limited by the pupil. Because of this, the refracted pencil shows oblique astigmatism.
 
 At birth, the eyeball is relatively short, having +2 to +3 hypermetropia. This is gradually reduced until by the age of 5-7 years the eye is emmetropic and remains so till the age of about 50 years. After this, there is tendency to develop hypermetropia again, which gradually increases until at the extreme of life the eye has the same +2 to +3 with which it started. This senile hypermetropia is due to changes in the crystalline lens. Ametropia (a condition of refractive error), is defined as a state of refraction, when the parallel rays of light coming from infinity (with accommodation at rest), are focused either in front or behind the sensitive layer of retina, in one or both the meridians. The ametropia includes myopia, hypermetropia and astigmatism. The related conditions aphakia and pseudophakia are also discussed here. HYPERMETROPIA
 
 Hypermetropia (hyperopia) or long-sightedness is the refractive state of the eye wherein parallel rays of light coming from infinity are focused behind the retina with accommodation being at rest (Fig. 3.22). Thus, the posterior focal point is behind the retina, which therefore receives a blurred image.
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 Aphakia (congenital or acquired absence of lens) and Consecutive hypermetropia (due to surgically over-corrected myopia).
 
 3. Functional hypermetropia results from paralysis of accommodation as seen in patients with third nerve paralysis and internal ophthalmoplegia. Fig. 3.22. Refraction in a hypermetropic eye.
 
 Etiology
 
 Hypermetropia may be axial, curvatural, index, positional and due to absence of lens. 1. Axial hypermetropia is by far the commonest form. In this condition the total refractive power of eye is normal but there is an axial shortening of eyeball. About 1–mm shortening of the anteroposterior diameter of the eye results in 3 dioptres of hypermetropia. 2. Curvatural hypermetropia is the condition in which the curvature of cornea, lens or both is flatter than the normal resulting in a decrease in the refractive power of eye. About 1 mm increase in radius of curvature results in 6 dioptres of hypermetropia. 3. Index hypermetropia occurs due to decrease in refractive index of the lens in old age. It may also occur in diabetics under treatment. 4. Positional hypermetropia results from posteriorly placed crystalline lens. 5. Absence of crystalline lens either congenitally or acquired (following surgical removal or posterior dislocation) leads to aphakia — a condition of high hypermetropia. Clinical types
 
 There are three clinical types of hypermetropia: 1. Simple or developmental hypermetropia is the commonest form. It results from normal biological variations in the development of eyeball. It includes axial and curvatural hypermetropia. 2. Pathological hypermetropia results due to either congenital or acquired conditions of the eyeball which are outside the normal biological variations of the development. It includes :  Index hypermetropia (due to acquired cortical sclerosis),  Positional hypermetropia (due to posterior subluxation of lens),
 
 Nomenclature (components of hypermetropia)
 
 Nomenclature for various components of the hypermetropia is as follows: Total hypermetropia is the total amount of refractive error, which is estimated after complete cycloplegia with atropine. It consists of latent and manifest hypermetropia. 1. Latent hypermetropia implies the amount of hypermetropia (about 1D) which is normally corrected by the inherent tone of ciliary muscle. The degree of latent hypermetropia is high in children and gradually decreases with age. The latent hypermetropia is disclosed when refraction is carried after abolishing the tone with atropine. 2. Manifest hypermetropia is the remaining portion of total hypermetropia, which is not corrected by the ciliary tone. It consists of two components, the facultative and the absolute hypermetropia. i. Facultative hypermetropia constitutes that part which can be corrected by the patient's accommodative effort. ii. Absolute hypermetropia is the residual part of manifest hypermetropia which cannot be corrected by the patient's accommodative efforts. Thus, briefly: Total hypermetropia = latent + manifest (facultative + absolute). Clinical picture
 
 Symptoms In patients with hypermetropia the symptoms vary depending upon the age of patient and the degree of refractive error. These can be grouped as under: 1. Asymptomatic. A small amount of refractive error in young patients is usually corrected by mild accommodative effort without producing any symptom. 2. Asthenopic symptoms. At times the hypermetropia is fully corrected (thus vision is normal) but due
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 to sustained accommodative efforts patient develops asthenopic sysmtoms. These include: tiredness of eyes, frontal or fronto-temporal headache, watering and mild photophobia. These asthenopic symptoms are especially associated with near work and increase towards evening. 3. Defective vision with asthenopic symptoms. When the amount of hypermetropia is such that it is not fully corrected by the voluntary accommodative efforts, then the patients complain of defective vision which is more for near than distance and is associated with asthenopic symptoms due to sustained accommodative efforts. 4. Defective vision only. When the amount of hypermetropia is very high, the patients usually do not accommodate (especially adults) and there occurs marked defective vision for near and distance. Signs 1. Size of eyeball may appear small as a whole. 2. Cornea may be slightly smaller than the normal. 3. Anterior chamber is comparatively shallow. 4. Fundus examination reveals a small optic disc which may look more vascular with ill-defined margins and even may simulate papillitis (though there is no swelling of the disc, and so it is called pseudopapillitis). The retina as a whole may shine due to greater brilliance of light reflections (shot silk appearance). 5. A-scan ultrasonography (biometry) may reveal a short antero-posterior length of the eyeball. Complications
 
 If hypermetropia is not corrected for a long time the following complications may occur: 1. Recurrent styes, blepharitis or chalazia may occur, probably due to infection introduced by repeated rubbing of the eyes, which is often done to get relief from fatigue and tiredness. 2. Accommodative convergent squint may develop in children (usually by the age of 2-3 years) due to excessive use of accommodation. 3. Amblyopia may develop in some cases. It may be anisometropic (in unilateral hypermetropia), strabismic (in children developing accommodative squint) or ametropic (seen in children with uncorrected bilateral high hypermetropia).
 
 4. Predisposition to develop primary narrow angle glaucoma. The eye in hypermetropes is small with a comparatively shallow anterior chamber. Due to regular increase in the size of the lens with increasing age, these eyes become prone to an attack of narrow angle glaucoma. This point should be kept in mind while instilling mydriatics in elderly hypermetropes. Treatment
 
 A. Optical treatment. Basic principle of treatment is to prescribe convex (plus) lenses, so that the light rays are brought to focus on the retina (Fig. 3.23). Fundamental rules for prescribing glasses in hypermetropia include:
 
 Fig. 3.23. Refraction in a hypermetropic eye corrected with convex lens
 
 1. Total amount of hypermetropia should always be discovered by performing refraction under complete cycloplegia. 2. The spherical correction given should be comfortably acceptable to the patient. However, the astigmatism should be fully corrected. 3. Gradually increase the spherical correction at 6 months interval till the patient accepts manifest hypermetropia. 4. In the presence of accommodative convergent squint, full correction should be given at the first sitting. 5. If there is associated amblyopia, full correction with occlusion therapy should be started. Modes of prescription of convex lenses 1. Spectacles are most comfortable, safe and easy method of correcting hypermetropia. 2. Contact lenses are indicated in unilateral hypermetropia (anisometropia). For cosmetic reasons, contact lenses should be prescribed once the prescription has stabilised, otherwise, they may have to be changed many a times.
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 B. Surgical treatment of hypermetropia is described on page 48. APHAKIA
 
 Aphakia literally means absence of crystalline lens from the eye. However, from the optical point of view, it may be considered a condition in which the lens is absent from the pupillary area. Aphakia produces a high degree of hypermetropia. Causes
 
 1. Congenital absence of lens. It is a rare condition. 2. Surgical aphakia occurring after removal of lens is the commonest presentation. 3. Aphakia due to absorption of lens matter is noticed rarely after trauma in children. 4. Traumatic extrusion of lens from the eye also constitutes a rare cause of aphakia. 5. Posterior dislocation of lens in vitreous causes optical aphakia. Optics of aphakic eye
 
 Following optical changes occur after removal of crystalline lens: 1. Eye becomes highly hypermetropic. 2. Total power of eye is reduced to about +44 D from +60 D. 3. The anterior focal point becomes 23.2 mm in front of the cornea. 4. The posterior focal point is about 31 mm behind the cornea i.e., about 7 mm behind the eyeball. (The antero-posterior length of eyeball is about 24 mm) 5. There occurs total loss of accommodation. Clinical features
 
 Symptoms. 1. Defective vision. Main symptom in aphakia is marked defective vision for both far and near due to high hypermetropia and absence of accommodation. 2. Erythropsia and cynopsia i.e., seeing red and blue images. This occurs due to excessive entry of ultraviolet and infrared rays in the absence of crystalline lens. Signs of aphakia include: 1. Limbal scar may be seen in surgical aphakia. 2. Anterior chamber is deeper than normal.
 
 3. Iridodonesis i.e., tremulousness of iris can be demonstrated. 4. Pupil is jet black in colour. 5. Purkinje's image test shows only two images (normally four images are seen- Fig. 2.10). 6. Fundus examination shows hypermetropic small disc. 7. Retinoscopy reveals high hypermetropia. Treatment
 
 Optical principle is to correct the error by convex lenses of appropriate power so that the image is formed on the retina (Fig. 3.23). Modalities for correcting aphakia include: (1) spectacles, (2) contact lens, (3) intraocular lens, and (4) refractive corneal surgery. 1. Spectacles prescription has been the most commonly employed method of correcting aphakia, especially in developing countries. Presently, use of aphakic spectacles is decreasing. Roughly, about +10 D with cylindrical lenses for surgically induced astigmatism are required to correct aphakia in previously emmetropic patients. However, exact number of glasses will differ in individual case and should be estimated by refraction. An addition of +3 to +4 D is required for near vision to compensate for loss of accommodation. Advantages of spectacles. It is a cheap, easy and safe method of correcting aphakia. Disadvantages of spectacles. (i) Image is magnified by 30 percent, so not useful in unilateral aphakia (produce diplopia). (ii) Problem of spherical and chromatic aberrations of thick lenses. (iii) Field of vision is limited. (iv) Prismatic effect of thick glasses. (v) 'Roving ring Scotoma' (Jack in the box phenomenon). (vi) Cosmetic blemish especially in young aphakes. 2. Contact lenses. Advantages of contact lenses over spectacles include: (i) Less magnification of image. (ii) Elimination of aberrations and prismatic effect of thick glasses. (iii) Wider and better field of vision. (iv) Cosmetically more acceptable. (v) Better suited for uniocular aphakia. Disadvantages of contact lenses are: (i) more cost; (ii) cumbersome to wear, especially in old age and in childhood; and (iii) corneal complications may be associated.
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 3. Intraocular lens implantation is the best available method of correcting aphakia. Therefore, it is the commonest modality being employed now a days. For details see page 195. 4. Refractive corneal surgery is under trial for correction of aphakia. It includes: i. Keratophakia. In this procedure a lenticule prepared from the donor cornea is placed between the lamellae of patient's cornea. ii. Epikeratophakia. In this procedure, the lenticule prepared from the donor cornea is stitched over the surface of cornea after removing the epithelium. iii. Hyperopic Lasik (see page 48)
 
 6. Visual status and refraction will vary depending upon the power of IOL implanted as described above. MYOPIA
 
 Myopia or short-sightedness is a type of refractive error in which parallel rays of light coming from infinity are focused in front of the retina when accommodation is at rest (Fig. 3.24).
 
 PSEUDOPHAKIA
 
 The condition of aphakia when corrected with an intraocular lens implant (IOL) is referred to as pseudophakia or artephakia. For types of IOLs and details of implantation techniques and complications see page 195. Refractive status of a pseudophakic eye depends upon the power of the IOL implanted as follows : 1. Emmetropia is produced when the power of the IOL implanted is exact. It is the most ideal situation. Such patients need plus glasses for near vision only. 2. Consecutive myopia occurs when the IOL implanted overcorrects the refraction of eye. Such patients require glasses to correct the myopia for distance vision and may or may not need glasses for near vision depending upon the degree of myopia. 3. Consecutive hypermetropia develops when the under-power IOL is implanted. Such patients require plus glasses for distance vision and additional +2 to +3 D for near vision. Note: Varying degree of surgically-induced astigmatism is also present in pseudophakia Signs of pseudophakia (with posterior chamber IOL). 1. Surgical scar may be seen near the limbus. 2. Anterior chamber is slightly deeper than normal. 3. Mild iridodonesis (tremulousness) of iris may be demonstrated. 4. Purkinje image test shows four images. 5. Pupil is blackish in colour but when light is thrown in pupillary area shining reflexes are observed. When examined under magnification after dilating the pupil, the presence of IOL is confirmed (see Fig. 8.26).
 
 Fig. 3.24. Refraction in a myopic eye.
 
 Etiological classification
 
 1. Axial myopia results from increase in anteroposterior length of the eyeball. It is the commonest form. 2. Curvatural myopia occurs due to increased curvature of the cornea, lens or both. 3. Positional myopia is produced by anterior placement of crystalline lens in the eye. 4. Index myopia results from increase in the refractive index of crystalline lens associated with nuclear sclerosis. 5. Myopia due to excessive accommodation occurs in patients with spasm of accommodation. Clinical varieties of myopia
 
 1. 2. 3. 4.
 
 Congenital myopia Simple or developmental myopia Pathological or degenerative myopia Acquired myopia which may be: (i) post-traumatic; (ii) post-keratitic; (iii) drug-induced, (iv) pseudomyopia; (v) space myopia; (vii) night myopia; and (viii) consecutive myopia.
 
 1. Congenital myopia
 
 Congenital myopia is present since birth, however, it is usually diagnosed by the age of 2-3 years. Most of the time the error is unilateral and manifests as anisometropia. Rarely, it may be bilateral. Usually the error is of about 8 to 10 which mostly remains constant. The child may develop convergent squint in order to preferentially see clear at its far point
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 (which is about 10-12 cms). Congenital myopia may sometimes be associated with other congenital anomalies such as cataract, microphthalmos, aniridia, megalocornea, and congenital separation of retina. Early correction of congenital myopia is desirable. 2. Simple myopia
 
 Simple or developmental myopia is the commonest variety. It is considered as a physiological error not associated with any disease of the eye. Its prevalence increases from 2% at 5 years to 14% at 15 years of age. Since the sharpest rise occurs at school going age i.e., between 8 year to 12 years so, it is also called school myopia. Etiology. It results from normal biological variation in the development of eye which may or may not be genetically determined. Some factors associated with simple myopia are as follows:  Axial type of simple myopia may signify just a physiological variation in the length of the eyeball or it may be associated with precocious neurological growth during childhood.  Curvatural type of simple myopia is considered to be due to underdevelopment of the eyeball.  Role of diet in early childhood has also been reported without any conclusive results.  Role of genetics. Genetics plays some role in the biological variation of the development of eye, as prevelance of myopia is more in children with both parents myopic (20%) than the children with one parent myopic (10%) and children with no parent myopic (5%).  Theory of excessive near work in childhood was also put forward, but did not gain much importance. In fact, there is no truth in the folklore that myopia is aggravated by close work, watching television and by not using glasses. Clinical picture
 
 Symptoms  Poor vision for distance (short-sightedness) is the main symptom of myopia.  Asthenopic symptoms may occur in patients with small degree of myopia.  Half shutting of the eyes may be complained by parents of the child. The child does so to achieve the greater clarity of stenopaeic vision.
 
 Signs  Prominent eyeballs. The myopic eyes typically are large and somewhat prominent.  Anterior chamber is slightly deeper than normal.  Pupils are somewhat large and a bit sluggishly reacting.  Fundus is normal; rarely temporal myopic crescent may be seen.  Magnitude of refractive errror. Simple myopia usually occur between 5 and 10 year of age and it keeps on increasing till about 18-20 years of age at a rate of about –0.5 ± 0.30 every year. In simple myopia, usually the error does not exceed 6 to 8. Diagnosis is confirmed by performing retinoscopy (page 547). 3. Pathological myopia
 
 Pathological/degenerative/progressive myopia, as the name indicates, is a rapidly progressive error which starts in childhood at 5-10 years of age and results in high myopia during early adult life which is usually associated with degenerative changes in the eye. Etiology. It is unequivocal that the pathological myopia results from a rapid axial growth of the eyeball which is outside the normal biological variations of development. To explain this spurt in axial growth various theories have been put forward. So far no satisfactory hypothesis has emerged to explain the etiology of pathological myopia. However, it is definitely linked with (i) heredity and (ii) general growth process. 1. Role of heredity. It is now confirmed that genetic factors play a major role in the etiology, as the progressive myopia is (i) familial; (ii) more common in certain races like Chinese, Japanese, Arabs and Jews, and (iii) uncommon among Negroes, Nubians and Sudanese. It is presumed that heredity-linked growth of retina is the determinant in the development of myopia. The sclera due to its distensibility follows the retinal growth but the choroid undergoes degeneration due to stretching, which in turn causes degeneration of retina. 2. Role of general growth process, though minor, cannot be denied on the progress of myopia. Lengthening of the posterior segment of the globe commences only during the period of active growth and probably ends with the termination of the active growth. Therefore, the factors (such as nutritional
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 deficiency, debilitating diseases, endocrinal disturbances and indifferent general health) which affect the general growth process will also influence the progress of myopia. The etiological hypothesis for pathological myopia is summarised in Figure 3.25: Genetic factors General growth process (play major role) (plays minor role) ↓ More growth of retina ↓ Stretching of sclera ↓ ↓  Increased axial length  ↓   Degeneration of choroid Features of   pathological ↓   Degeneration of retina  myopia  ↓    Degeneration of vitreous Fig. 3.25. Etiological hypothesis for pathological myopia.
 
 Clinical picture
 
 Symptoms 1. Defective vision. There is considerable failure in visual function as the error is usually high. Further, due to progressive degenerative changes, an uncorrectable loss of vision may occur. 2. Muscae volitantes i.e., floating black opacities in front of the eyes are also complained of by many patients. These occur due to degenerated liquified vitreous. 3. Night blindness may be complained by very high myopes having marked degenerative changes. Signs 1. Prominent eye balls. The eyes are often prominent, appearing elongated and even simulating an exophthalmos, especially in unilateral cases. The elongation of the eyeball mainly affects the posterior pole and surrounding area; the part of the eye anterior to the equator may be normal (Fig. 3.26). 2. Cornea is large. 3. Anterior chamber is deep. 4. Pupils are slightly large and react sluggishly to light.
 
 Fig. 3.26. Elongation of the eyeball posterior to equator in pathological myopia.
 
 5. Fundus examination reveals following characteristic signs : (a) Optic disc appears large and pale and at its temporal edge a characteristic myopic crescent is present (Fig. 3.27). Sometimes peripapillary crescent encircling the disc may be present, where the choroid and retina is distracted away from the disc margin. A super-traction crescent (where the retina is pulled over the disc margin) may be present on the nasal side. (b) Degenerative changes in retina and choroid are common in progressive myopia (Fig. 3.28). These are characterised by white atrophic patches at the macula with a little heaping up of pigment around them. Foster-Fuchs' spot (dark red circular patch due to sub-retinal neovas-cularization and choroidal haemorrhage) may be present at the macula. Cystoid degeneration may be seen at the periphery. In an advanced case there occurs total retinal atrophy, particularly in the central area. (c) Posterior staphyloma due to ectasia of sclera at posterior pole may be apparent as an excavation with the vessels bending backward over its margins. (d) Degenerative changes in vitreous include: liquefaction, vitreous opacities, and posterior vitreous detachment (PVD) appearing as Weiss' reflex.
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 Fig. 3.27. Myopic crescent.
 
 6. Visual fields show contraction and in some cases ring scotoma may be seen. 7. ERG reveals subnormal electroretinogram due to chorioretinal atrophy. Complications
 
 (i) Retinal detachment; (ii) complicated cataract; (iii) vitreous haemorrhage; (iv) choroidal haemorrhage (v) Strabismus fixus convergence.
 
 that clear image is formed on the retina (Fig. 3.29). The basic rule of correcting myopia is converse of that in hypermetropia, i.e., the minimum acceptance providing maximum vision should be prescribed. In very high myopia undercorrection is always better to avoid the problem of near vision and that of minification of images.
 
 Treatment of myopia
 
 1. Optical treatment of myopia constitutes prescription of appropriate concave lenses, so Fig. 3.29. Refraction in a myopic eye corrected with concave lens.
 
 Foster-Fuchs' spot Peripapillary and macular degeneration
 
 Fig. 3.28. Fundus changes in pathological myopia.
 
 Modes of prescribing concave lenses are spectacles and contact lenses. Their advantages and disadvantages over each other are the same as described for hypermetropia. Contact lenses are particularly justified in cases of high myopia as they avoid peripheral distortion and minification produced by strong concave spectacle lens. 2. Surgical treatment of myopia is becoming very popular now-a-days. For details see page 46. 3. General measures empirically believed to effect the progress of myopia (unproven usefulness)
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 include balanced diet rich in vitamins and proteins and early management of associated debilitating disease. 4. Low vision aids (LVA) are indicated in patients of progressive myopia with advanced degenerative changes, where useful vision cannot be obtained with spectacles and contact lenses. 5. Prophylaxis (genetic counselling). As the pathological myopia has a strong genetic basis, the hereditary transfer of disease may be decreased by advising against marriage between two individuals with progressive myopia. However, if they do marry, they should not produce children.
 
 another but the vertical meridian is more curved than the horizontal. Thus, correction of this astigmatism will require the concave cylinders at 180° ± 20° or convex cylindrical lens at 90° ± 20°. This is called 'with-the-rule' astigmatism, because similar astigmatic condition exists normally (the vertical meridian is normally rendered 0.25 D more convex than the horizontal meridian by the pressure of eyelids).
 
 ASTIGMATISM
 
 3. Oblique astigmatism is a type of regular astigmatism where the two principal meridia are not the horizontal and vertical though these are at right angles to one another (e.g., 45° and 135°). Oblique astigmatism is often found to be symmetrical (e.g., cylindrical lens required at 30° in both eyes) or complementary (e.g., cylindrical lens required at 30° in one eye and at 150° in the other eye).
 
 Astigmatism is a type of refractive error wherein the refraction varies in the different meridia. Consequently, the rays of light entering in the eye cannot converge to a point focus but form focal lines. Broadly, there are two types of astigmatism: regular and irregular. REGULAR ASTIGMATISM
 
 The astigmatism is regular when the refractive power changes uniformly from one meridian to another (i.e., there are two principal meridia). Etiology
 
 1. Corneal astigmatism is the result of abnormalities of curvature of cornea. It constitutes the most common cause of astigmatism. 2. Lenticular astigmatism is rare. It may be: i. Curvatural due to abnormalities of curvature of lens as seen in lenticonus. ii. Positional due to tilting or oblique placement of lens as seen in subluxation. iii. Index astigmatism may occur rarely due to variable refractve index of lens in different meridia. 3. Retinal astigmatism due to oblique placement of macula may also be seen occasionally. Types of regular astigmatism
 
 Depending upon the axis and the angle between the two principal meridia, regular astigmatism can be classified into the following types : 1. With-the-rule astigmatism. In this type the two principal meridia are placed at right angles to one
 
 2. Against-the-rule astigmatism refers to an astigmatic condition in which the horizontal meridian is more curved than the vertical meridian. Therefore, correction of this astigmatism will require the presciption of convex cylindrical lens at 180° ± 20° or concave cylindrical lens at 90° ± 20° axis.
 
 4. Bioblique astigmatism. In this type of regular astigmatism the two principal meridia are not at right angle to each other e.g., one may be at 30o and other at 100°. Optics of regular astigmatism
 
 As already mentioned, in regular astigmatism the parallel rays of light are not focused on a point but form two focal lines. The configuration of rays refracted through the astigmatic surface (toric surface) is called Sturm’s conoid and the distance between the two focal lines is known as focal interval of Sturm. The shape of bundle of rays at different levels (after refraction through astigmatic surface) is described on page 25. Refractive types of regular astigmatism
 
 Depending upon the position of the two focal lines in relation to retina, the regular astigmatism is further classified into three types: 1. Simple astigmatism, wherein the rays are focused on the retina in one meridian and either in front (simple myopic astigmatism – Fig. 3.30a) or behind (simple hypermetropic astigmatism – Fig. 3.30b) the retina in the other meridian.
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 2. Compound astigmatism. In this type the rays of light in both the meridia are focused either in front or behind the retina and the condition is labelled as compound myopic or compound hypermetropic astigmatism, respectively (Figs. 3.30c and d). 3. Mixed astigmatism refers to a condition wherein the light rays in one meridian are focused in front and in other meridian behind the retina (Fig. 3.30e). Thus in one meridian eye is myopic and in another hypermetropic. Such patients have comparatively less symptoms as 'circle of least diffusion' is formed on the retina (see Fig. 3.15). Symptoms
 
 Symptoms of regular astigmatism include: (i) defective vision; (ii) blurring of objects; (iii) depending upon the type and degree of astigmatism, objects may appear proportionately elongated; and (iv) asthenopic symptoms, which are marked especially in small amount of astigmatism, consist of a dull ache in the eyes, headache, early tiredness of eyes and sometimes nausea and even drowsiness. Signs
 
 1. Different power in two meridia is revealed on retinoscopy or autorefractometry. 2. Oval or tilted optic disc may be seen on ophthalmoscopy in patients with high degree of astigmatism. 3. Head tilt. The astigmatic patients may (very exceptionally) develop a torticollis in an attempt to bring their axes nearer to the horizontal or vertical meridians. 4. Half closure of the lid. Like myopes, the astigmatic patients may half shut the eyes to achieve the greater clarity of stenopaeic vision. Investigations
 
 1. Retinoscopy reveals different power in two different axis (see page 548) 2. Keratometry. Keratometry and computerized corneal topotograpy reveal different corneal curvature in two different meridia in corneal astigmatism (see page 554) 3. Astigmatic fan test and (4) Jackson's cross cylinder test. These tests are useful in confirming the power and axis of cylindrical lenses (see pages 555, 556).
 
 Fig. 3.30. Types of astigmatism : simple myopic (A); simple hypermetropic (B); compound myopic (C); compound hypermetropic (D); and mixed (E).
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 Treatment
 
 1. Optical treatment of regular astigmatism comprises the prescribing appropriate cylindrical lens, discovered after accurate refraction. i. Spectacles with full correction of cylindrical power and appropriate axis should be used for distance and near vision. ii. Contact lenses. Rigid contact lenses may correct upto 2-3 of regular astigmatism, while soft contact lenses can correct only little astigmatism. For higher degrees of astigmatism toric contact lenses are needed. In order to maintain the correct axis of toric lenses, ballasting or truncation is required. 2. Surgical correction of astigmatism is quite effective. For details see page 48. IRREGULAR ASTIGMATISM
 
 It is characterized by an irregular change of refractive power in different meridia. There are multiple meridia which admit no geometrical analysis. Etiological types
 
 1. Curvatural irregular astigmatism is found in patients with extensive corneal scars or keratoconus. 2. Index irregular astigmatism due to variable refractive index in different parts of the crystalline lens may occur rarely during maturation of cataract. Symptoms of irregular astigmatism include:  Defective vision,  Distortion of objects and  Polyopia. Investigations
 
 1. Placido's disc test reveales distorted circles (see page. 471) 2. Photokerotoscopy and computerized corneal topography give photographic record of irregular corneal curvature. Treatment
 
 1. Optical treatment of irregular astigmatism consists of contact lens which replaces the anterior surface of the cornea for refraction. 2. Phototherapeutic keratectomy (PTK) performed with excimer laser may be helpful in patients with superficial corneal scar responsible for irregular astigmatism.
 
 3. Surgical treatment is indicated in extensive corneal scarring (when vision does not improve with contact lenses) and consists of penetrating keratoplasty. ANISOMETROPIA
 
 The optical state with equal refraction in the two eyes is termed isometropia. When the total refraction of the two eyes is unequal the condition is called anisometropia. Small degree of anisometropia is of no concern. A difference of 1 D in two eyes causes a 2 percent difference in the size of the two retinal images. A difference up to 5 percent in retinal images of two eyes is well tolerated. In other words, an anisometropia up to 2.5 is well tolerated and that between 2.5 and 4 D can be tolerated depending upon the individual sensitivity. However, if it is more than 4 D, it is not tolerated and is a matter of concern. Etiology
 
 1. Congenital and developmental anisometropia occurs due to differential growth of the two eyeballs. 2. Acquired anisometropia may occur due to uniocular aphakia after removal of cataractous lens or due to implantation of IOL of wrong power. Clinical types
 
 1. Simple anisometropia. In this, one eye is normal (emmetropic) and the other either myopic (simple myopic anisometropia) or hypermetropic (simple hypermetropic anisometropia). 2. Compound anisometropia. wherein both eyes are either hypermetropic (compound hypermetropic anisometropia) or myopic (compound myopic anisometropia), but one eye is having higher refractive error than the other. 3. Mixed anisometropia. In this, one eye is myopic and the other is hypermetropic. This is also called antimetropia. 4. Simple astigmatic anisometropia. When one eye is normal and the other has either simple myopic or hypermetropic astigmatism. 5. Compound astigmatic anisometropia. When both eyes are astigmatic but of unequal degree.
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 Status of binocular vision in anisometropia
 
 Clinical types
 
 Three possibilities are there: 1. Binocular single vision is present in small degree of anisometropia (less than 3). 2. Uniocular vision. When refractive error in one eye is of high degree, that eye is suppressed and develops anisometropic amblyopia. Thus, the patient has only uniocular vision. 3. Alternate vision occurs when one eye is hypermetropic and the other myopic. The hypermetropic eye is used for distant vision and myopic for near.
 
 Clinically, aniseikonia may be of different types (Fig. 3.31) : 1. Symmetrical aniseikonia i. Spherical, image may be magnified or minified equally in both meridia (Fig. 3.31A) ii. Cylindrical, image is magnified or minified symmetrically in one meridian (Fig. 3.31 B). 2. Asymetrical aniseikonia i. Prismatic In it image difference increases progressively in one direction (Fig. 3.31C). ii. Pincushion. In it image distortion increases progressively in both directions, as seen with high plus correction in aphakia (Fig. 3.31D). iii. Barrel distortion. In it image distortion decreases progressively in both directions, as seen with high minus correction (Fig. 3.31 E). iv. Oblique distortion. In it the size of image is same, but there occurs an oblique distortion of shape (Fig. 3.31F).
 
 Diagnosis
 
 It is made after retinoscopic examination in patients with defective vision. Treatment
 
 1. Spectacles. The corrective spectacles can be tolerated up to a maximum difference of 4 D. After that there occurs diplopia. 2. Contact lenses are advised for higher degrees of anisometropia. 3. Aniseikonic glasses are also available, but their clinical results are often disappointing. 4. Other modalities of treatment include:  Intraocular lens implantation for uniocular aphakia.  Refractive corneal surgery for unilateral high myopia, astigmatism and hypermetropia.  Removal of clear crystalline lens for unilateral very high myopia (Fucala's operation). ANISEIKONIA
 
 Aniseikonia is defined as a condition wherein the images projected to the visual cortex from the two retinae are abnormally unequal in size and/or shape. Up to 5 per cent aniseikonia is well tolerated.
 
 Symptoms
 
 1. Asthenopia, i.e., eyeache, browache and tiredness of eyes. 2. Diplopia due to difficult binocular vision when the difference in images of two eyes is more than 5 percent 3. Difficulty in depth perception. Treatment
 
 1. Optical aniseikonia may be corrected by aniseikonic glasses, contact lenses or intraocular lenses depending upon the situation. 2. For retinal aniseikonia treat the cause. 3. Cortical aniseikonia is very difficult to treat.
 
 ACCOMMODATION AND ITS ANOMALIES
 
 Etiological types
 
 1. Optical aniseikonia may occur due to either inherent or acquired anisometropia of high degree. 2. Retinal aniseikonia may develop due to: displacement of retinal elements towards the nodal point in one eye due to stretching or oedema of the retina. 3. Cortical aniseikonia implies asymmetrical simultaneous perception inspite of equal size of images formed on the two retinae.
 
 ACCOMMODATION
 
 Definition. As we know that in an emmetropic eye, parallel rays of light coming from infinity are brought to focus on the retina, with accommodation being at rest. However, our eyes have been provided with a unique mechanism by which we can even focus the diverging rays coming from a near object on the retina in a bid to see clearly (Fig. 3.32). This mechanism is called accommodation. In it there occurs increase in
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 Fig. 3.31. Types of aniseikonia : A, spherical; B, cylindrical; C, prismatic; D, pin-cushion; E, barrel distortion; and F, oblique distortion.
 
 the power of crystalline lens due to increase in the curvature of its surfaces (Fig. 3.33). At rest the radius of curvature of the anterior surface of the lens is 10 mm and that of posterior surface is 6 mm (Fig. 3.33A). In accommodation, the curvature of the posterior surface remains almost the same, but the anterior surface changes, so that in strong accommodation its radius of curvature becomes 6 mm (Fig. 3.33B). Mechanism of accommodation
 
 According to von Helmholtz capsular theory in humans the process of accommodation is achieved by a change in the shape of lens as below:
 
 Fig. 3.32. Effect of accommodation on divergent rays entering the eye.
 
 Fig. 3.33. Changes in the crystalline lens during accommodation.
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 When the eye is at rest (unaccomodated), the ciliary ring is large and keeps the zonules tense. Because of zonular tension the lens is kept compressed (flat) by the capsule (Fig. 3.33A). Contraction of the ciliary muscle causes the ciliary ring to shorten and thus releases zonular tension on the lens capsule. This allows the elastic capsule to act unrestrained to deform the lens substance. The lens then alters its shape to become more convex or conoidal (to be more precise) (Fig. 3.33B). The lens assumes conoidal shape due to configuration of the anterior lens capsule which is thinner at the center and thicker at the periphery (Fig. 3.33).
 
 Far point and near point
 
 The nearest point at which small objects can be seen clearly is called near point or punctum proximum and the distant (farthest) point is called far point or punctum remotum. Far point and near point of the eye vary with the static refraction of the eye (Fig. 3.34).  In an emmetropic eye far point is infinity (Fig. 3.34A) and near point varies with age.  In hypermetropic eye far point is virtual and lies behind the eye (Fig. 3.34B).  In myopic eye, it is real and lies in front of the eye (Fig. 3.34C). Range and amplitude of accommodation
 
 Range of accommodation. The distance between the near point and the far point is called the range of accommodation. Amplitude of accommodation. The difference between the dioptric power needed to focus at near point (P) and far point (R) is called amplitude of accommodation (A). Thus A = P – R. ANOMALIES OF ACCOMMODATION
 
 Anomalies of accommodation are not uncommon. These include: (1) Presbyopia, (2) Insufficiency of accommodation, (3) Paralysis of accommodation, and (4) Spasm of accommodation. PRESBYOPIA Pathophysiology and causes
 
 Presbyopia (eye sight of old age) is not an error of refraction but a condition of physiological insufficiency of accommodation leading to a progressive fall in near vision.
 
 Fig. 3.34. Far point in emmetropic eye (A); hypermetropic eye (B); and myopic eye (C).
 
 Pathophysiology. To understand the pathophysiology of presbyopia a working knowledge about accommodation (as described above) is mandatory. As we know, in an emmetropic eye far point is infinity and near point varies with age (being about 7 cm at the age of 10 years, 25 cm at the age of 40 years and 33 cm at the age of 45 years). Therefore, at the age of 10 years, amplitude of accommodation (A) =
 
 100 7
 
 (dioptric power needed to see clearly at near point) 1/a (dioptric power needed to see clearly at far point) i.e., A (at age 10) = 14 dioptres; similarly A (at age 40) 100
 
 1
 
 − = 4 dioptres. 25 α Since, we usually keep the book at about 25 cm, so we can read comfortably up to the age of 40 years. After the age of 40 years, the near point of accommodation recedes beyond the normal reading or working range. This condition of failing near vision due to age-related decrease in the amplitude of accommodation or increase in punctum proximum is called presbyopia.
 
 =
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 Causes. Decrease in the accommodative power of crystalline lens with increasing age, leading to presbyopia, occurs due to: 1. Age-related changes in the lens which include:  Decrease in the elasticity of lens capsule, and  Progressive, increase in size and hardness (sclerosis) of lens substance which is less easily moulded. 2. Age related decline in ciliary muscle power may also contribute in causation of presbyopia. Causes of premature presbyopia are: 1. Uncorrected hypermetropia. 2. Premature sclerosis of the crystalline lens. 3. General debility causing pre-senile weakness of ciliary muscle. 4. Chronic simple glaucoma. Symptoms
 
 1. Difficulty in near vision. Patients usually complaint of difficulty in reading small prints (to start with in the evening and in dim light and later even in good light). Another important complaint of the patient is difficulty in threading a needle etc. 2. Asthenopic symptoms due to fatigue of the ciliary muscle are also complained after reading or doing any near work. Treatment
 
 Optical treatment. The treatment of presbyopia is the prescription of appropriate convex glasses for near work. A rough guide for providing presbyopic glasses in an emmetrope can be made from the age of the patient.  About +1 DS is required at the age of 40-45 years,  +1.5 DS at 45-50 years, + 2 DS at 50-55 years, and  +2.5 DS at 55-60 years. However, the presbyopic add should be estimated individually in each eye in order to determine how much is necessary to provide a comfortable range. Basic principles for presbyopic correction are: 1. Always find out refractive error for distance and first correct it. 2. Find out the presbyopic correction needed in each eye separately and add it to the distant correction.
 
 3. Near point should be fixed by taking due consideration for profession of the patient. 4. The weakest convex lens with which an individual can see clearly at the near point should be prescribed, since overcorrection will also result in asthenopic symptoms. Presbyopic spectacles may be unifocal, bifocal or varifocal (see page 44) Surgical Treatment of presbyopia is still in infancy (see page 49) INSUFFICIENCY OF ACCOMMODATION
 
 The term insufficiency of accommodation is used when the accommodative power is significantly less than the normal physiological limits for the patient's age. Therefore, it should not be confused with presbyopia in which the physiological insufficiency of accommodation is normal for the patient's age. Causes 1. Premature sclerosis of lens. 2. Weakness of ciliary muscle due to systemic causes of muscle fatigue such as debilitating illness, anaemia, toxaemia, malnutrition, diabetes mellitus, pregnancy, stress and so on. 3. Weakness of ciliary muscle associated with primary open-angle glaucoma. Clinical features All the symptoms of presbyopia are present, but those of asthenopia are more prominent than those of blurring of vision. Treatment 1. The treatment is essentially that of the systemic cause. 2. Near vision spectacles in the form of weakest convex lens which allows adequate vision should be given till the power of accommodation improves. 3. Accommodation exercises help in recovery, if the underlying debility has passed. PARALYSIS OF ACCOMMODATION
 
 Paralysis of accommodation also known as cycloplegia refers to complete absence of accommodation.
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 Causes 1. Drug induced cycloplegia results due to the effect of atropine, homatropine or other parasympatholytic drugs. 2. Internal ophthalmoplegia (paralysis of ciliary muscle and sphincter pupillae) may result from neuritis associated with diphtheria, syphilis, diabetes, alcoholism, cerebral or meningeal diseases. 3. Paralysis of accommodation as a component of complete third nerve paralysis may occur due to intracranial or orbital causes. The lesions may be traumatic, inflammatory or neoplastic in nature. Clinical features 1. Blurring of near vision. It is the main complaint in previously emmetropic or hypermetropic patients. Blurring of near vision may not be marked in myopic patients. 2. Photophobia (glare) due to accompanying dilatation of pupil (mydriasis) is usually associated with blurring of near vision. 3. Examination reveals abnormal receding of near point and markedly decreased range of accommodation. Treatment 1. Self-recovery occurs in drug-induced paralysis and in diphtheric cases (once the systemic disease is treated). 2. Dark-glasses are effective in reducing the glare. 3. Convex lenses for near vision may be prescribed if the paralysis is permanent. SPASM OF ACCOMMODATION
 
 Spasm of accommodation refers to exertion of abnormally excessive accommodation. Causes 1. Drug induced spasm of accommodation is known to occur after use of strong miotics such as echothiophate and DFP. 2. Spontaneous spasm of accommodation is occasionally found in children who attempt to compensate for a refractive anomaly that impairs their vision. It usually occurs when the eyes are used for excessive near work in unfavourable circumstances such as bad illumination bad reading position, lowered vitality, state of neurosis, mental stress or anxiety.
 
 Clinical features 1. Defective vision due to induced myopia. 2. Asthenopic symptoms are more marked than the visual symptoms. Diagnosis It is made with refraction under atropine. Treatment 1. Relaxation of ciliary muscle by atropine for a few weeks and prohibition of near work allow prompt recovery from spasm of accommodation. 2. Correction of associated causative factors prevent recurrence. 3. Assurance and if necessary psychotherapy.
 
 DETERMINATION AND CORRECTION OF REFRACTIVE ERRORS For details see page 547.
 
 SPECTACLES AND CONTACT LENSES SPECTACLES
 
 The lenses fitted in a frame constitute the spectacles. It is a common, cheap and easy method of prescribing corrective lenses in patients with refractive errors and presbyopia. Some important aspects of the spectacles are as follows: Lens materials
 
 1. Crown glass of refractive index 1.5223 is very commonly used for spectacles. It is ground to the appropriate curvature and then polished to await the final cutting that will enable it to fit the desired spectacle frame. 2. Resin lenses made of allyl diglycol carbonate is an alternative to crown glass. The resin lenses are light, unbreakable and scratch resistant. 3. Plastic lenses are readily prepared by moulding. They are unbreakable and light weight but have the disadvantages of being readily scratched and warped. 4. Triplex lenses are also light, they will shatter but not splinter.
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 Lens shapes
 
 1. Meniscus lenses are used for making spectacles in small or moderate degree of refractive errors. The standard curved lenses are ground with a concave posterior surface (–1.25 D in the periscopic type or –6.0 D in the deep meniscus type) and the spherical correction is then added to the anterior surface. 2. Lenticular form lenses are used for high plus and high minus lenses. In this type the central portion is corrective and the peripheral surfaces are parallel to one another. 3. Aspheric lenses are also used to make high plus aphakic lenses by modifying the lens curvature peripherally to reduce aberrations and provide better peripheral vision. Single versus multiple power lenses
 
 1. Single vision lens refers to a lens having the same corrective power over the entire surface. These are used to correct myopia, hypermetropia, astigmatism or presbyopia. 2. Bifocal lenses have different powers to upper (for distant vision) and lower (for near vision) segments. Different styles of bifocal lenses are shown in Fig. 3.35. 3. Trifocal lenses have three portions, upper (for distant vision), middle (for intermediate range vision) and lower (for near vision). 4. Multifocal (varifocal) or progressive lenses having many portions of different powers are also available. Tinted lenses
 
 Tinted glasses reduce the amount of light they
 
 transmit and provide comfort, safety and cosmetic effect. They are particularly prescribed in patients with albinism, high myopia and glare prone patients. Good tinted glasses should be dark enough to absorb 60-80 percent of the incident light in the visible part of the spectrum and almost all of the ultraviolet and infrared rays. Photochromatic lenses alter their colour according to the amount of ultraviolet exposure. These lenses do not function efficiently indoors and in automobiles. Centring and decentring
 
 The visual axis of the patient and the optical centre of the spectacle lens should correspond, otherwise prismatic effect will be introduced. The distance between the visual axes is measured as interpupillary distance (IPD). Decentring of the lens is indicated where prismatic effect is required. One prism dioptre effect is produced by 1 cm decentring of a 1 D lens. Reading glasses should be decentred by about 2.5 mm medially and about 6.5 mm downward as the eyes are directed down and in during reading. Frames
 
 The spectacle frame selected should be comfortable i.e. neither tight nor loose, light in weight and should not put pressure on the nose or temples of the patient, and should be of optimum size. In children large glasses are recommended to prevent viewing over the spectacles. Ideally, the lenses should be worn 15.3 mm from the cornea (the anterior focal plane of eye), as at this distance the images formed on the retina are of the same size as in emmetropia. CONTACT LENSES
 
 Contact lens is an artificial device whose front surface substitutes the anterior surface of the cornea. Therefore, in addition to correction of refractive error, the irregularities of the front surface of cornea can also be corrected by the contact lenses. Parts, curves, and nomenclature for contact lens To understand the contact lens specifications following standard nomenclature has been recommended (Fig. 3.36). Fig. 3.35. Bifocal lenses. (A) two-piece; (B) cemented supplementary wafer; (C) inserted wafer; (D) fused; (E) solid.
 
 1. Diameters of the lens are as follows : i. Overall diameter (OD) of the lens is the linear
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 measurement of the greatest distance across the physical boundaries of lens. It is expressed in millimetres. (It should not be confused as being twice the radius of curvature).
 
 5. Thickness of the lens. It is usually measured in the centre of the lens and varies depending upon the posterior vertex power of the lens. 6. Tint. It is the colour of the lens. Types of contact lenses
 
 Depending upon the nature of the material used in their manufacturing, the contact lenses can be divided into following three types: 1. Hard lenses, 2. Rigid gas permeable lenses, and 3. Soft lenses. 1. Hard lenses are manufactured from PMMA (polymethylmethacrylate). The PMMA has a high optical quality, stability and is light in weight, nontoxic, durable and cheap. The hard corneal lenses have a diameter of 8.5-10 mm. Presently these are not used commonly. Fig. 3.36. A contact lens.
 
 ii. Optic zone diameter (OZ) is the dimension of the central optic zone of lens which is meant to focus rays on retina. 2. Curves of the lens are as follows : i. Base curve (BC) or central posterior curve (CPC) is a curve on the back surface of the lens to fit the front surface of cornea. ii. Peripheral curves. These are concentric to base curve and include intermediate posterior curve (IPC) and peripheral posterior curve (PPC). These are meant to serve as reservoir of tears and to form a ski for lens movements. iii. Central anterior curve (CAC) or front curve (FC) is the curve on the anterior surface of the optical zone of the lens. Its curvature determines the power of contact lens. iv. Peripheral anterior curve (PAC) is a slope on the periphery of anterior surface which goes up to the edge. v. Intermediate anterior curve (IAC) is fabricated only in the high power minus and plus lenses. It lies between the CAC and PAC. 3. Edge of the lens. It is the polished and blended union of the peripheral posterior and anterior curves of the lens. 4. Power of the lens. It is measured in terms of posterior vertex power in dioptres.
 
 Disadvantages of PMMA hard contact lenses. (i) PMMA is practically impermeable to O 2 thus restricting the tolerance. (ii) Being hard, it can cause corneal abrasions. (iii) Being hydrophobic in nature, resists wetting but a stable tear film can be formed over it. Note : PMMA contact lenses are sparingly used in clinical practice because of poor patient acceptance. 2. Rigid gas permeable (RGP) lenses are made up of materials which are permeable to oxygen. Basically these are also hard, but somehow due to their O2 permeability they have become popular by the name of semisoft lenses. Gas permeable lenses are commonly manufactured from copolymer of PMMA and silicone containing vinyl monomer. Cellulose acetate butyrate (CAB), a class of thermoplastic material derived from special grade wood cellulose has also been used, but is not popular. 3. Soft lenses are made up of HEMA (hydroxymethymethacrylate). These are made about 1-2 mm larger than the corneal diameter. Advantages: Being soft and oxygen permeable, they are most comfortable and so well tolerated. Disadvantages include problem of wettability, proteinaceous deposits, getting cracked, limited life, inferior optical quality, more chances of corneal infections and cannot correct astigmatism of more than 2 dioptres.
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 Note: In clinical practice soft lenses are most frequently prescribed. Indications of contact lens use
 
 1. Optical indications include anisometropia, unilateral aphakia, high myopia, keratoconus and irregular astigmatism. Optically they can be used by every patient having refractive error for cosmetic purposes. Advantages of contact lenses over spectacles: (i) Irregular corneal astigmatism which is not possible to correct with glasses can be corrected with contact lenses. (ii) Contact lenses provide normal field of vision. (iii) Aberrations associated with spectacles (such as peripheral aberrations and prismatic distortions) are eliminated. (iv) Binocular vision can be retained in high anisometropia (e.g., unilateral aphakia) owing to less magnification of the retinal image. (v) Rain and fog do not condense upon contact lenses as they do on spectacles. (vi) Cosmetically more acceptable especially by females and all patients with thick glasses in high refractive errors. 2. Therapeutic indications are as follows : i. Corneal diseases e.g., non-healing corneal ulcers, bullous keratopathy, filamentary keratitis and recurrent corneal erosion syndrome. ii. Diseases of iris such as aniridia, coloboma and albinism to avoid glare. iii. In glaucoma as vehicle for drug delivery. iv. In amblyopia, opaque contact lenses are used for occlusion. v. Bandage soft contact lenses are used following keratoplasty and in microcorneal perforation. 3. Preventive indications include (i) prevention of symblepharon and restoration of fornices in chemical burns; (ii) exposure keratitis; and (iii) trichiasis. 4. Diagnostic indications include use during (i) gonioscopy; (ii) electroretinography; (iii) examination of fundus in the presence of irregular corneal astigmatism; (iv) fundus photography; (v) Goldmann's 3 mirror examination. 5. Operative indications. Contact lenses are used during (i) goniotomy operation for congenital glaucoma; (ii) vitrectomy; and (iii) endocular photocoagulation. 6. Cosmetic indications include (i) unsightly corneal
 
 scars (colour contact lenses); (ii) ptosis (haptic contact lens); and (iii) cosmetic scleral lenses in phthisis bulbi. 7. Occupational indications include use by (i) sportsmen; (ii) pilots; and (iii) actors. Contraindications for contact lens use
 
 (i) Mental incompetence, and poor motivation; (ii) chronic dacryocystitis; (iii) chronic blepharitis and recurrent styes; (iv) chronic conjunctivitis; (v) dryeye syndromes; (vi) corneal dystrophies and degenerations; and (vii) recurrent diseases like episcleritis, scleritis and iridocyclitis. Principles of fitting and care of lenses
 
 It is beyond the scope of this chapter. Interested readers are advised to consult some textbook on contact lenses.
 
 REFRACTIVE SURGERY Surgery to correct refractive errors has become very popular. It should be performed after the error has stabilized; preferably after 20 years of age. Various surgical techniques in vogue are described below: Refractive surgery of myopia
 
 1. Radial keratotomy (RK) refers to making deep (90 percent of corneal thickness) radial incisions in the peripheral part of cornea leaving the central 4 mm optical zone (Fig 3.37). These incisions on healing; flatten the central cornea thereby reducing its refractive power. This procedure gives very good correction in low to moderate myopia (2 to 6 D). Disadvantages. Note: Because of its disadvantages RK is not recommended presently. (i) Cornea is weakened, so chances of globe rupture following trauma are more after RK than after PRK. This point is particularly important for patients who are at high risk of blunt trauma, e.g., sports persons, athletes and military personnel. (ii) Rarely, uneven healing may lead to irregular astigmatism. (iii) Patients may feel glare at night. 2. Photorefractive keratectomy (PRK). In this technique, to correct myopia a central optical zone of anterior corneal stroma is photoablated using
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 Fig. 3.37. Radial keratotomy. (A) configuration of radial incisions; (B) depth of incision.
 
 excimer laser (193-nm UV flash) to cause flattening of the central cornea (Fig. 3.38). Like RK, the PRK also gives very good correction for –2 to –6 D of myopia. Disadvantages. Note: Because of its disadvantages PRK is not recommended presently: (i) Postoperative recovery is slow. Healing of the epithelial defect may delay return of good vision and patient may experience pain or discomfort for several weeks. (ii) There may occur some residual corneal haze in the centre affecting vision. (iii) PRK is more expensive than RK. 3. Laser in-situ keratomileusis (LASIK). In this technique first a flap of 130-160 micron thickness of anterior corneal tissue is raised. After creating a corneal flap midstromal tissue is ablated directly with an excimer laser beam, ultimately flattening the cornea (Fig. 3.39). Currently this procedure is being considered the refractive surgery of choice for myopia of up to – 12 D.
 
 Fig. 3.38. Photorefractive keratectomy (PRK) for myopia as seen (A) from front; (B) in cross section.
 
 Fig. 3.39. Procedure of laser in-situ keratomileusis (LASIK).
 
 Patient selection criteria are:  Patients above 20 years of age,  Stable refraction for at least 12 months.  Motivated patient.  Absence of corneal pathology. Presence of ectasia or any other corneal pathology and a corneal thickness less than 450 mm is an absolute contraindication for LASIK. Advances in LASIK. Recently many advances have been made in LASIK surgery. Some of the important advances are:  Customized (C) LASIK. C-LASIK is based on the wave front technology. This technique, in addition to spherical and cylindrical correction, also corrects the aberrations present in the eye and gives vision beyond 6/6 i.e., 6/5 or 6/4  Epi-(E) LASIK. In this technique instead of corneal stromal flap only the epithelial sheet is separated mechanically with the use of a customized device (Epiedge Epikeratome). Being an advanced surface ablation procedure, it is devoid of complications related to corneal stromal flap. Advantages of LASIK. (i) Minimal or no postoperative pain. (ii) Recovery of vision is very early as compared to PRK. (iii) No risk of perforation during surgery and later rupture of globe due to trauma unlike RK. (iv) No residual haze unlike PRK where subepithelial scarring may occur. (v) LASIK is effective in correcting myopia of – 12 D.
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 Disadvantages. 1. LASIK is much more expensive. 2. It requires greater surgical skill than RK and PRK. 3. There is potential risk of flap related complications which include (i) intraoperative flap amputation, (ii) wrinkling of the flap on repositioning, (iii) postoperative flap dislocation/subluxation, (iv) epithelization of flap-bed interface, and (v) irregular astigmatism. 4. Extraction of clear crystalline lens (Fucala's operation) has been advocated for myopia of –16 to –18 D, especially in unilateral cases. Recently, clear lens extraction with intraocular lens implantion of appropriate power is being recommended as the refractive surgery for myopia of more than 12 D. 5. Phakic intraocular lens or intraocular contact lens (ICL) implantation is also being considered for correction of myopia of >12D. In this technique, a special type of intraocular lens is implanted in the anterior chamber or posterior chamber anterior to the natural crystalline lens. 6. Intercorneal ring (ICR) implantation into the peripheral cornea at approximately 2/3 stromal depth is being considered. It results in a vaulting effect that flattens the central cornea, decreasing myopia. The ICR procedure has the advantage of being reversible. 7. Orthokeratology a non-surgical reversible method of molding the cornea with overnight wear unique rigid gas permeable contact lenses, is also being considered for correction of myopia upto –5D. It can be used even in the patients below 18 year of age. Refractive surgery for hyperopia
 
 In general, refractive surgery for hyperopia is not as effective or reliable as for myopia. However, following procedures are used:
 
 1. Holmium laser thermoplasty has been used for low degree of hyperopia. In this technique, laser spots are applied in a ring at the periphery to produce central steepening. Regression effect and induced astigmatism are the main problems. 2. Hyperopic PRK using excimer laser has also been tried. Regression effect and prolonged epithelial healing are the main problems encountered. 3. Hyperopic LASIK is effective in correcting hypermetropia upto +4D. 4. Conductive keratoplasty (CK) is nonablative and nonincisional procedure in which cornea is steepened by collagen shrinkage through the radiofrequency energy applied through a fine tip inserted into the peripheral corneal stroma in a ring pattern. This technique is effective for correcting hyperopia of upto 3D. Refractive surgery for astigmatism
 
 Refractive surgical techniques employed for myopia can be adapted to correct astigmatism alone or simultaneously with myopia as follows: 1. Astigmatic keratotomy (AK) refers to making transverse cuts in the mid periphery of the steep corneal meridian (Fig. 3.40). AK can be performed alone (for astigmatism only) or along with RK (for associated myopia). 2. Photo-astigmatic refractive keratotomy (PARK) is performed using excimer laser. 3. LASIK procedure can also be adapted to correct astigmatism upto 5D. Management of post-keratoplasty astigmatism
 
 1. Selective removal of sutures in steep meridians
 
 Fig. 3.40. Astigmatic keratotomy. (A) showing flat and deep meridians of cornea; (B) paired transverse incisions to flattern the steep meridian; (C) showing correction of astigmatism after astigmatic keratotomy.
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 may improve a varying degree of astigmatism and should be tried first of all. Note: Other procedures mentioned below should be performed only after all the sutures are out and refraction is stable. 2. Arcuate relaxing incisions in the donor cornea along the steep meridian may correct astigmatism up to 4-6 D. 3. Relaxing incisions combined with compression sutures may correct astigmatism up to 10 D. 4. Corneal wedge resection with suture closure of the wound may be performed in the flat meridian to correct astigmatism greater than 10 D. 5. LASIK procedure can also be adopted to correct post-keratoplasty astigmatism.
 
 
 
 
 
 
 
 
 
 Refractive surgery for presbyopia
 
 Refractive surgery for presbyopia, still under trial, includes :  Monovision LASIK, i.e., one eye is corrected for distance and other is made slightly near sighted.  Monovision conductive keratoplasty (CK) is being considered increasingly to correct
 
 
 
 presbyopia in one eye. Principle is same as for correction of hypermetropia (see page 48). Scleral expansion procedures are being tried, but results are controversial. LASIK-PARM i.e., LASIK by Presbyopia Avalos Rozakis Method is a technique undertrial in which the shape of the cornea is altered to have two concentric vision zones that help the presbyopic patient to focus on near and distant objects. Bifocal or multifocal or accommodating IOL implantation after lens extraction especially in patients with cataract or high refractive errors correct far as well as near vision. Monovision with intraocular lenses, i.e., correction of one eye for distant vision and other for near vision with IOL implantation after bilateral cataract extraction also serves as a solution for far and near correction. Anterior ciliary sclerotomy (ACS), with tissue barriers is currently under trial. With initial encouraging results, multi-site clinical studies are planned for the US and Europe to evaluate this technique.
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 Infective conjunctivitis – Bacterial – Chlamydial – Viral
 
 
 
 Allergic conjunctivitis
 
 
 
 Granulomatous conjunctivitis
 
 APPLIED ANATOMY The conjunctiva is a translucent mucous membrane which lines the posterior surface of the eyelids and anterior aspect of eyeball. The name conjunctiva (conjoin: to join) has been given to this mucous membrane owing to the fact that it joins the eyeball to the lids. It stretches from the lid margin to the limbus, and encloses a complex space called conjunctival sac which is open in front at the palpebral fissure. Parts of conjunctiva
 
 Conjunctiva can be divided into three parts (Fig. 4.1): 1. Palpebral conjunctiva. It lines the lids and can be subdivided into marginal, tarsal and orbital conjunctiva. i. Marginal conjunctiva extends from the lid margin to about 2 mm on the back of lid up to a shallow groove, the sulcus subtarsalis. It is actually a transitional zone between skin and the conjunctiva proper.
 
 DEGENERATIVE CONDITIONS  Pinguecula  Pterygium  Concretions SYMPTOMATIC CONDITIONS  Hyperaemia  Chemosis  Ecchymosis  Xerosis  Discoloration CYSTS AND TUMOURS  Cysts of conjunctiva  Tumours of conjunctiva
 
 ii. Tarsal conjunctiva is thin, transparent and highly vascular. It is firmly adherent to the whole tarsal plate in the upper lid. In the lower lid, it is adherent only to half width of the tarsus. The tarsal glands are seen through it as yellow streaks. iii.Orbital part of palpebral conjunctiva lies loose between the tarsal plate and fornix. 2. Bulbar conjunctiva. It is thin, transparent and lies loose over the underlying structures and thus can be moved easily. It is separated from the anterior sclera by episcleral tissue and Tenon's capsule. A 3-mm ridge of bulbar conjunctiva around the cornea is called limbal conjunctiva. In the area of limbus, the conjunctiva, Tenon's capsule and the episcleral tissue are fused into a dense tissue which is strongly adherent to the underlying corneoscleral junction. At the limbus, the epithelium of conjunctiva becomes continuous with that of cornea. 3. Conjunctival fornix. It is a continuous circular cul-de-sac which is broken only on the medial side by caruncle and the plica semilunaris. Conjunctival fornix joins the bulbar conjunctiva with the palpebral
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 Fig. 4.1. Parts of conjunctiva and conjunctival glands.
 
 conjunctiva. It can be subdivided into superior, inferior, medial and lateral fornices. Structure of conjunctiva
 
 Histologically, conjunctiva consists of three layers namely, (1) epithelium, (2) adenoid layer, and (3) fibrous layer (Fig. 4.2). 1. Epithelium. The layer of epithelial cells in conjunctiva varies from region to region and in its different parts as follows:  Marginal conjunctiva has 5-layered stratified squamous type of epithelium.
 
 Tarsal conjunctiva has 2-layered epithelium: superficial layer of cylindrical cells and a deep layer of flat cells.  Fornix and bulbar conjunctiva have 3-layered epithelium: a superficial layer of cylindrical cells, middle layer of polyhedral cells and a deep layer of cuboidal cells.  Limbal conjunctiva has again many layered (5 to 6) stratified squamous epithelium. 2. Adenoid layer. It is also called lymphoid layer and consist s of fine connective tissue reticulum in the meshes of which lie lymphocytes. This layer is 
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 A
 
 1. Mucin secretory glands. These are goblet cells (the unicellular glands located within the epithelium), crypts of Henle (present in the tarsal conjunctiva) and glands of Manz (found in limbal conjunctiva). These glands secrete mucus which is essential for wetting the cornea and conjunctiva. 2. Accessory lacrimal glands. These are:  Glands of Krause (present in subconjunctival connective tissue of fornix, about 42 in upper fornix and 8 in lower fornix) and  Glands of Wolfring (present along the upper border of superior tarsus and along the lower border of inferior tarsus). Plica semilunaris
 
 It is a pinkish crescentric fold of conjunctiva, present in the medial canthus. Its lateral free border is concave. It is a vestigeal structure in human beings and represents the nictitating membrane (or third eyelid) of lower animals. Caruncle
 
 The caruncle is a small, ovoid, pinkish mass, situated in the inner canthus, just medial to the plica semilunaris. In reality, it is a piece of modified skin and so is covered with stratified squamous epithelium and contains sweat glands, sebaceous glands and hair follicles. B Fig. 4.2. Microscopic structure of conjunctiva showing three layers (A) and arrangement of epithelial cells in different regions of conjunctiva (B).
 
 most developed in the fornices. It is not present since birth but develops after 3-4 months of life. For this reason, conjunctival inflammation in an infant does not produce follicular reaction. 3. Fibrous layer. It consists of a meshwork of collagenous and elastic fibres. It is thicker than the adenoid layer, except in the region of tarsal conjunctiva, where it is very thin. This layer contains vessels and nerves of conjunctiva. It blends with the underlying Tenon's capsule in the region of bulbar conjunctiva. Glands of conjunctiva
 
 The conjunctiva contains two types of glands (Fig. 4.1):
 
 Blood supply of conjunctiva
 
 Arteries supplying the conjunctiva are derived from three sources (Fig. 4.3): (1) peripheral arterial arcade of the eyelid; (2) marginal arcade of the eyelid; and (3) anterior ciliary arteries.  Palpebral conjunctiva and fornices are supplied by branches from the peripheral and marginal arterial arcades of the eyelids.  Bulbar conjunctiva is supplied by two sets of vessels: the posterior conjunctival arteries which are branches from the arterial arcades of the eyelids; and the anterior conjunctival arteries which are the branches of anterior ciliary arteries. Terminal branches of the posterior conjunctival arteries anastomose with the anterior conjunctival arteries to form the pericorneal plexus. Veins from the conjunctiva drain into the venous plexus of eyelids and some around the cornea into the anterior ciliary veins. Lymphatics of the conjunctiva are arranged in two
 
 54
 
 Comprehensive OPHTHALMOLOGY
 
 Fig. 4.3. Blood supply of conjunctiva.
 
 layers: a superficial and a deep. Lymphatics from the lateral side drain into preauricular lymph nodes and those from the medial side into the submandibular lymph nodes. Nerve supply of conjunctiva
 
 A circumcorneal zone of conjunctiva is supplied by the branches from long ciliary nerves which supply the cornea. Rest of the conjunctiva is supplied by the branches from lacrimal, infratrochlear, supratrochlear, supraorbital and frontal nerves.
 
 INFLAMMATIONS OF CONJUNCTIVA Inflammation of the conjunctiva (conjunctivitis) is classically defined as conjunctival hyperaemia associated with a discharge which may be watery, mucoid, mucopurulent or purulent. Etiological classification
 
 1. Infective conjunctivitis: bacterial, chlamydial, viral, fungal, rickettsial, spirochaetal, protozoal, parasitic etc. 2. Allergic conjunctivitis.
 
 3. Irritative conjunctivitis. 4. Keratoconjunctivitis associated with diseases of skin and mucous membrane. 5. Traumatic conjunctivitis. 6. Keratoconjunctivitis of unknown etiology. Clinical classification
 
 Depending upon clinical presentation, conjunctivitis can be classified as follows: 1. Acute catarrhal or mucopurulent conjunctivitis. 2. Acute purulent conjunctivitis 3. Serous conjunctivitis 4. Chronic simple conjunctivitis 5. Angular conjunctivitis 6. Membranous conjunctivitis 7. Pseudomembranous conjunctivitis 8. Papillary conjunctivitis 9. Follicular conjunctivitis 10. Ophthalmia neonatorum 11. Granulomatous conjunctivitis 12. Ulcerative conjunctivitis 13. Cicatrising conjunctivitis To describe different types of conjunctivitis, a mixed approach has been adopted, i.e., some varieties of conjunctivitis are described by their etiological names and others by their clinical names. Only common varieties of clinical interest are described here.
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 INFECTIVE CONJUNCTIVITIS
 
 Infective conjunctivitis, i.e., inflammation of the conjunctiva caused by microorganisms is the commonest variety. This is in spite of the fact that the conjunctiva has been provided with natural protective mechanisms in the form of :  Low temperature due to exposure to air,  Physical protection by lids,  Flushing action of tears,  Antibacterial activity of lysozymes and  Humoral protection by the tear immunoglobulins.
 
 
 
 
 
 
 
 
 
 
 
 BACTERIAL CONJUNCTIVITIS
 
 There has occurred a relative decrease in the incidence of bacterial conjunctivitis in general and those caused by gonococcus and corynebacterium diphtheriae in particular. However, in developing countries it still continues to be the commonest type of conjunctivitis. It can occur as sporadic cases and as epidemics. Outbreaks of bacterial conjunctivitis epidemics are quite frequent during monsoon season. Etiology
 
 A. Predisposing factors for bacterial conjunctivitis, especially epidemic forms, are flies, poor hygienic conditions, hot dry climate, poor sanitation and dirty habits. These factors help the infection to establish, as the disease is highly contagious. B. Causative organisms. It may be caused by a wide range of organisms in the following approximate order of frequency :  Staphylococcus aureus is the most common cause of bacterial conjunctivitis and blepharoconjunctivitis.  Staphylococcus epidermidis is an innocuous flora of lid and conjunctiva. It can also produce blepharoconjunctivitis.  Streptococcus pneumoniae (pneumococcus) produces acute conjunctivitis usually associated with petechial subconjunctival haemorrhages. The disease has a self-limiting course of 9-10 days.  Streptococcus pyogenes (haemolyticus) is virulent and usually produces pseudomembranous conjunctivitis.  Haemophilus influenzae (aegyptius, Koch- Weeks bacillus). It classically causes epidemics of mucopurulent conjunctivitis, known as ‘red-eye’ especially in semitropical countries.
 
 Moraxella lacunate (Moraxella Axenfeld bacillus) is most common cause of angular conjunctivitis and angular blepharoconjunctivitis. Pseudomonas pyocyanea is a virulent organism. It readily invades the cornea. Neisseria gonorrhoeae typically produces acute purulent conjunctivitis in adults and ophthalmia neonatorum in new born. It is capable of invading intact corneal epithelium. Neisseria meningitidis (meningococcus) may produce mucopurulent conjunctivitis. Corynebacterium diphtheriae causes acute membranous conjunctivitis. Such infections are rare now-a-days.
 
 C. Mode of infection. Conjunctiva may get infected from three sources, viz, exogenous, local surrounding structures and endogenous, by following modes : 1. Exogenous infections may spread: (i) directly through close contact, as air-borne infections or as water-borne infections; (ii) through vector transmission (e.g., flies); or (iii) through material transfer such as infected fingers of doctors, nurses, common towels, handkerchiefs, and infected tonometers. 2. Local spread may occur from neighbouring structures such as infected lacrimal sac, lids, and nasopharynx. In addition to these, a change in the character of relatively innocuous organisms present in the conjunctival sac itself may cause infections. 3. Endogenous infections may occur very rarely through blood e.g., gonococcal and meningococcal infections. Pathology
 
 Pathological changes of bacterial conjunctivitis consist of : 1. Vascular response. It is characterised by congestion and increased permeability of the conjunctival vessels associated with proliferation of capillaries. 2. Cellular response. It is in the form of exudation of polymorphonuclear cells and other inflammatory cells into the substantia propria of conjunctiva as well as in the conjunctival sac. 3. Conjunctival tissue repsonse. Conjunctiva becomes oedematous. The superficial epithelial cells degenerate, become loose and even
 
 56
 
 Comprehensive OPHTHALMOLOGY
 
 desquamate. There occurs proliferation of basal layers of conjunctival epithelium and increase in the number of mucin secreting goblet cells. 4. Conjunctival discharge. It consists of tears, mucus, inflammatory cells, desquamated epithelial cells, fibrin and bacteria. If the inflammation is very severe, diapedesis of red blood cells may occur and discharge may become blood stained. Severity of pathological changes varies depending upon the severity of inflammation and the causative organism. The changes are thus more marked in purulent conjunctivitis than mucopurulent conjunctivitis.
 
 Signs (Fig. 4.4)  Conjunctival congestion, which is more marked in palpebral conjunctiva, fornices and peripheral part of bulbar conjunctiva, giving the appearance of ‘fiery red eye’. The congestion is typically less marked in circumcorneal zone.  Chemosis i.e., swelling of conjunctiva.  Petechial haemorrhages are seen when the causative organism is pneumococcus.
 
 CLINICAL TYPES OF BACTERIAL CONJUNCTIVITIS
 
 Depending upon the causative bacteria and the severity of infection, bacterial conjunctivitis may present in following clinical forms:  Acute catarrhal or mucopurulent conjunctivitis.  Acute purulent conjunctivitis  Acute membranous conjunctivitis  Acute pseudomembranous conjunctivitis  Chronic bacterial conjunctivitis  Chronic angular conjunctivitis
 
 Fig. 4.4. Signs of acute mucopurulent conjunctivitis.
 
 ACUTE MUCOPURULENT CONJUNCTIVITIS
 
 Acute mucopurulent conjunctivitis is the most common type of acute bacterial conjunctivitis. It is characterised by marked conjunctival hyperaemia and mucopurulent discharge from the eye. Common causative bacteria are: Staphylococcus aureus, Koch-Weeks bacillus, Pneumococcus and Streptococcus. Mucopurulent conjunctivitis generally accompanies exanthemata such as measles and scarlet fever. Clinical picture
 
 Symptoms  Discomfort and foreign body sensation due to engorgement of vessels.  Mild photophobia, i.e., difficulty to tolerate light.  Mucopurulent discharge from the eyes.  Sticking together of lid margins with discharge during sleep.  Slight blurring of vision due to mucous flakes in front of cornea.  Sometimes patient may complain of coloured halos due to prismatic effect of mucus present on cornea.
 
 Flakes of mucopus are seen in the fornices, canthi and lid margins.  Cilia are usually matted together with yellow crusts. Clinical course. Mucopurulent conjunctivitis reaches its height in three to four days. If untreated, in mild cases the infection may be overcome and the condition is cured in 10-15 days; or it may pass to less intense form, the ‘chronic catarrhal conjunctivitis’. Complications. Occasionally the disease may be complicated by marginal corneal ulcer, superficial keratitis, blepharitis or dacryocystitis. 
 
 Differential diagnosis
 
 1. From other causes of acute red eye (see page 147). 2. From other types of conjunctivitis. It is made out from the typical clinical picture of disease and is confirmed by conjunctival cytology and bacteriological examination of secretions and scrapings (Table 4.1).
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 Table 4.1. Differentiating features of common types of conjunctivitis
 
 [A]
 
 CLINICAL SIGNS 1. Congestion 2. Chemosis 3. Subconjunctival haemorrhages 4. Discharge 5. 6. 7. 8. 9.
 
 [B]
 
 Papillae Follicles Pseudomembrane Pannus Pre-auricular lymph nodes
 
 Bacterial
 
 Viral
 
 Allergic
 
 Chlamydial (TRIC)
 
 Marked ++ ±
 
 Moderate ± ±
 
 Mild to moderate ++ –
 
 Moderate ± –
 
 Purulent or mucopurulent ± – ± – +
 
 Watery
 
 Mucopurulent
 
 – + ± – ++
 
 Ropy/ watery ++ – – – (Except vernal) –
 
 ± ++ – + ±
 
 + (Early) – + – +
 
 – + – – –
 
 + – + + –
 
 + (Pox) + (Herpes) –
 
 – – –
 
 + – –
 
 CYTOLOGICAL FEATURES 1. Neutrophils + 2. Eosinophils – 3. Lymphocytes – 4. Plasma cells – 5. Multinuclear cells – 6. Inclusion bodies : Cytoplasmic – Nuclear – 7. Micro-organisms +
 
 Treatment
 
 1. Topical antibiotics to control the infection constitute the main treatment of acute mucopurulent conjunctivitis. Ideally, the antibiotic should be selected after culture and sensitivity tests but in practice, it is difficult. However, in routine, most of the patients respond well to broad specturm antibiotics. Therefore, treatment may be started with chloramphenicol (1%), gentamycin (0.3%) or framycetin eye drops 3-4 hourly in day and ointment used at night will not only provide antibiotic cover but also help to reduce the early morning stickiness. If the patient does not respond to these antibiotics, then the newer antibiotic drops such as ciprofloxacin (0.3%), ofloxacin (0.3%) or gatifloxacin (0.3%) may be used. 2. Irrigation of conjunctival sac with sterile warm saline once or twice a day will help by removing the deleterious material. Frequent eyewash (as
 
 3. 4.
 
 5.
 
 6.
 
 advocated earlier) is however contraindicated as it will wash away the lysozyme and other protective proteins present in tears. Dark goggles may be used to prevent photophobia. No bandage should be applied in patients with mucopurulent conjunctivitis. Exposure to air keeps the temperature of conjunctival cul-de-sac low which inhibits the bacterial growth; while after bandaging, conjunctival sac is converted into an incubator, and thus infection flares to a severe degree within 24 hours. Further, bandaging of eye will also prevent the escape of discharge. No steroids should be applied, otherwise infection will flare up and bacterial corneal ulcer may develop. Anti-inflammatory and analgesic drugs (e.g. ibuprofen and paracetamol) may be given orally for 2-3 days to provide symptomatic relief from mild pain especially in sensitive patients.
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 ACUTE PURULENT CONJUNCTIVITIS
 
 Acute purulent conjunctivitis also known as acute blenorrhea or hyperacute conjunctivitis is characterised by a violent inflammatory response. It occurs in two forms: (1) Adult purulent conjunctivitis and (2) Ophthalmia neonatorum in newborn (see page 71). ACUTE PURULENT CONJUNCTIVITIS OF ADULTS Etiology
 
 The disease affects adults, predominantly males. Commonest causative organism is Gonococcus; but rarely it may be Staphylococcus aureus or Pneumococcus. Gonococcal infection directly spreads from genitals to eye. Presently incidence of gonococcal conjunctivitis has markedly decreased. Clinical picture
 
 It can be divided into three stages: 1. Stage of infiltraton. It lasts for 4-5 days and is characterised by:  Considerably painful and tender eyeball.  Bright red velvety chemosed conjunctiva.  Lids are tense and swollen.  Discharge is watery or sanguinous.  Pre-auricular lymph nodes are enlarged. 2. Stage of blenorrhoea. It starts at about fifth day, lasts for several days and is characterised by:  Frankly purulent, copious, thick discharge trickling down the cheeks (Fig. 4.5).  Other symptoms are increased but tension in the lids is decreased.
 
 Fig. 4.5. Acute purulent conjunctivitis.
 
 3. Stage of slow healing. During this stage, pain is decreased and swelling of the lids subsides. Conjunctiva remains red, thickened and velvety. Discharge diminishes slowly and in the end resolution is complete. Associations. Gonococcal conjunctivitis is usually associated with urethritis and arthritis. Complications
 
 1. Corneal involvement is quite frequent as the gonococcus can invade the normal cornea through an intact epithelium. It may occur in the form of diffuse haze and oedema, central necrosis, corneal ulceration or even perforation. 2. Iridocyclitis may also occur, but is not as common as corneal involvement. 3. Systemic complications, though rare, include gonorrhoea arthritis, endocarditis and septicaemia. Treatment
 
 1. Systemic therapy is far more critical than the topical therapy for the infections caused by N. gonorrhoeae and N. meningitidis. Because of the resistant strains penicillin and tetracyline are no longer adequate as first-line treatment. Any of the following regimes can be adopted :  Norfloxacin 1.2 gm orally qid for 5 days  Cefoxitim 1.0 gm or cefotaxime 500 mg. IV qid or ceftriaxone 1.0 gm IM qid, all for 5 days; or  Spectinomycin 2.0 gm IM for 3 days. All of the above regimes should then be followed by a one week course of either doxycycline 100 mg bid or erythromycin 250-500 mg orally qid. 2. Topical antibiotic therapy presently recommended includes ofloxacin, ciprofloxacin or tobramycin eye drops or bacitracin or erythromycin eye ointment every 2 hours for the first 2-3 days and then 5 times daily for 7 days. Because of the resistant strains, intensive therapy with penicillin drops is not reliable. 3. Irrigation of the eyes frequently with sterile saline is very therapeutic in washing away infected debris. 4. Other general measures are similar to acute mucopurulent conjunctivitis. 5. Topical atropine 1 per cent eye drops should be instilled once or twice a day if cornea is involved. 6. Patient and the sexual partner should be referred for evaluation of other sexually transmitted diseases.
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 ACUTE MEMBRANOUS CONJUNCTIVITIS
 
 It is an acute inflammation of the conjunctiva, characterized by formation of a true membrane on the conjunctiva. Now-a-days it is of very-very rare occurrence, because of markedly decreased incidence of diphtheria. It is because of the fact that immunization against diptheria is very effective. Etiology
 
 The disease is typically caused by Corynebacterium diphtheriae and occasionally by virulent type of Streptococcus haemolyticus. Pathology
 
 Corynebacterium diphtheriae produces a violent inflammation of the conjunctiva, associated with deposition of fibrinous exudate on the surface as well as in the substance of the conjunctiva resulting in formation of a membrane. Usually membrane is formed in the palpebral conjunctiva. There is associated coagulative necrosis, resulting in sloughing of membrane. Ultimately healing takes place by granulation tissue.
 
 Fig. 4.6. Acute membranous conjunctivitis.
 
 Complications
 
 1. Corneal ulceration is a frequent complication in acute stage. The bacteria may even involve the intact corneal epithelium. 2. Delayed complications due to cicatrization include symblepharon, trichiasis, entropion and conjunctival xerosis. Diagnosis
 
 Clinical features
 
 The disease usually affects children between 2-8 years of age who are not immunised against diphtheria. The disease may have a mild or very severe course. The child is toxic and febrile. The clinical picture of the disease can be divided into three stages: 1. Stage of infiltration is characterised by:  Scanty conjunctival discharge and severe pain in the eye.  Lids are swollen and hard.  Conjunctiva is red, swollen and covered with a thick grey-yellow membrane (Fig. 4.6). The membrane is tough and firmly adherent to the conjunctiva, which on removing bleeds and leaves behind a raw area.  Pre-auricular lymph nodes are enlarged. 2. Stage of suppuration. In this stage, pain decreases and the lids become soft. The membrane is sloughed off leaving a raw surface. There is copious outpouring of purulent discharge. 3. Stage of cicatrisation. In this stage, the raw surface covered with granulation tissue is epithelised. Healing occurs by cicatrisation, which may cause trichiasis and conjunctival xerosis.
 
 Diagnosis is made from typical clinical features and confirmed by bacteriological examination. Treatment
 
 A. Topical therapy 1. Penicillin eye drops (1:10000 units per ml) should be instilled every half hourly. 2. Antidiphtheric serum (ADS) should be instilled every one hour. 3. Atropine sulfate 1 percent ointment should be added if cornea is ulcerated. 4. Broad spectrum antibiotic ointment should be applied at bed time. B. Systemic therapy 1. Crystalline penicillin 5 lac units should be injected intramuscularly twice a day for 10 days. 2. Antidiphtheric serum (ADS) (50 thousand units) should be given intramuscularly stat. C. Prevention of symblepharon Once the membrane is sloughed off, the healing of raw surfaces will result in symblepharon, which should be prevented by applying contact shell or sweeping the fornices with a glass rod smeared with ointment.
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 Prophylaxis
 
 Clinical picture
 
 1. Isolation of patient will prevent family members from being infected. 2. Proper immunization against diphtheria is very effective and provides protection to the community.
 
 Pseudomembranous conjunctivitis is characterized by:  Acute mucopurulent conjunctivitis, like features (see page 56) associated with.  Pseudomembrane formation which is thin yellowish-white membrane seen in the fornices and on the palpebral conjunctiva (Fig. 4.7). Pseudomembrane can be peeled off easily and does not bleed.
 
 PSEUDOMEMBRANOUS CONJUNCTIVITIS
 
 It is a type of acute conjunctivitis, characterised by formation of a pseudomembrane (which can be easily peeled off leaving behind intact conjunctival epithelium) on the conjunctiva. Etiology
 
 It may be caused by following varied factors: 1. Bacterial infection. Common causative organisms are Corynebacterium diphtheriae of low virulence, staphylococci, streptococci, H. influenzae and N. gonorrhoea. 2. Viral infections such as herpes simplex and adenoviral epidemic keratoconjunctivitis may also be sometimes associated with pseudomembrane formation. 3. Chemical irritants such as acids, ammonia, lime, silver nitrate and copper sulfate are also known to cause formation of such membrane. Pathology
 
 The above agents produce inflammation of conjunctiva associated with pouring of fibrinous exudate on its surface which coagulates and leads to formation of a pseudomembrane.
 
 Treatment
 
 It is similar to that of mucopurulent conjunctivitis. CHRONIC CATARRHAL CONJUNCTIVITIS
 
 ‘Chronic catarrhal conjunctivitis’ also known as ‘simple chronic conjunctivitis’ is characterised by mild catarrhal inflammation of the conjunctiva. Etiology
 
 A. Predisposing factors 1. Chronic exposure to dust, smoke, and chemical irritants. 2. Local cause of irritation such as trichiasis, concretions, foreign body and seborrhoeic scales. 3. Eye strain due to refractive errors, phorias or convergence insufficiency. 4. Abuse of alcohol, insomnia and metabolic disorders. B. Causative organisms 
 
 
 
 Fig. 4.7. Pseudomembranous conjunctivitis.
 
 Staphylococcus aureus is the commonest cause of chronic bacterial conjunctivitis. Gram negative rods such as Proteus mirabilis, Klebsiella pneumoniae, Escherichia coli and Moraxella lacunata are other rare causes.
 
 C. Source and mode of infection. Chronic conjunctivitis may occur: 1. As continuation of acute mucopurulent conjunctivitis when untreated or partially treated. 2. As chronic infection from associated chronic dacryocystitis, chronic rhinitis or chronic upper respiratory catarrh. 3. As a mild exogenous infection which results from direct contact, air-borne or material transfer of infection.
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 Clinical picture
 
 Pathology
 
 Symptoms of simple chronic conjunctivitis include:  Burning and grittiness in the eyes, especially in the evening.  Mild chronic redness in the eyes.  Feeling of heat and dryness on the lid margins.  Difficulty in keeping the eyes open.  Mild mucoid discharge especially in the canthi.  Off and on lacrimation.  Feeling of sleepiness and tiredness in the eyes.
 
 The causative organism, i.e., MA bacillus produces a proteolytic enzyme which acts by macerating the epithelium. This proteolytic enzyme collects at the angles by the action of tears and thus macerates the epithelium of the conjunctiva, lid margin and the skin the surrounding angles of eye. The maceration is followed by vascular and cellular responses in the form of mild grade chronic inflammation. Skin may show eczematous changes.
 
 Signs. Grossly the eyes look normal but careful examination may reveal following signs:  Congestion of posterior conjunctival vessels.  Mild papillary hypertrophy of the palpebral conjunctiva.  Surface of the conjunctiva looks sticky.  Lid margins may be congested.
 
 Clinical picture
 
 Treatment
 
 1. Predisposing factors when associated should be treated and eliminated. 2. Topical antibiotics such as chloramphenicol or gentamycin should be instilled 3-4 times a day for about 2 weeks to eliminate the mild chronic infection. 3. Astringent eye drops such as zinc-boric acid drops provide symptomatic relief.
 
 Symptoms  Irritation, smarting sensation and feeling of discomfort in the eyes.  History of collection of dirty-white foamy discharge at the angles.  Redness in the angles of eyes. Signs (Fig. 4.8) include:  Hyperaemia of bulbar conjunctiva near the canthi.  Hyperaemia of lid margins near the angles.  Excoriation of the skin around the angles.  Presence of foamy mucopurulent discharge at the angles. Complications include: blepharitis and shallow marginal catarrhal corneal ulceration.
 
 ANGULAR CONJUNCTIVITIS
 
 It is a type of chronic conjunctivitis characterised by mild grade inflammation confined to the conjunctiva and lid margins near the angles (hence the name) associated with maceration of the surrounding skin. Etiology
 
 1. Predisposing factors are same as for 'simple chronic conjunctivitis'. 2. Causative organisms. Moraxella Axenfeld is the commonest causative organism. MA bacilli are placed end to end, so the disease is also called 'diplobacillary conjunctivitis'. Rarely, staphylococci may also cause angular conjunctivitis. 3. Source of infection is usually nasal cavity. 4. Mode of infection. Infection is transmitted from nasal cavity to the eyes by contaminated fingers or handkerchief.
 
 Fig. 4.8. Signs of angular conjunctivitis.
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 Treatment
 
 A. Prophylaxis includes treatment of associated nasal infection and good personal hygiene. B. Curative treatment consists of : 1. Oxytetracycline (1%) eye ointment 2-3 times a day for 9-14 days will eradicate the infection. 2. Zinc lotion instilled in day time and zinc oxide ointment at bed time inhibits the proteolytic ferment and thus helps in reducing the maceration. CHLAMYDIAL CONJUNCTIVITIS
 
 Chlamydia lie midway between bacteria and viruses, sharing some of the properties of both. Like viruses, they are obligate intracellular and filterable, whereas like bacteria they contain both DNA and RNA, divide by binary fission and are sensitive to antibiotics. The chlamydia combinedly form the PLT group (Psittacosis, Lymphogranuloma venereum and Trachomatis group). Life cycle of the chlamydia. The infective particle invades the cytoplasm of epithelial cells, where it swells up and forms the 'initial body'. The initial bodies rapidly divide into 'elementary bodies' embedded in glycogen matrix which are liberated when the cells burst. Then the 'elementary bodies' infect other cells where the whole cycle is repeated. Ocular infections produced by chlamydia in human beings are summarised in Table 4.2. Jones' classification. Jones' has classified chlamydial infections of the eye into following three classes :
 
 Class 1 : Blinding trachoma. Blinding trachoma refers to hyperendemic trachoma caused by serotypes A, B, Ba and C of Chlamydia trachomatis associated with secondary bacterial infection. It is transmitted from eye to eye by transfer of ocular discharge through various modes. Class 2 : Non-blinding trachoma. It is also caused by Chlamydia trachomatis serotypes A, B, Ba, and C; but is usually not associated with secondary bacterial infections. It occurs in mesoendemic or hypoendemic areas with better socioeconomic conditions. It is a mild form of disease with limited transmission owing to improved hygiene. Class 3: Paratrachoma. It refers to oculogenital chlamydial disease caused by serotypes D to K of chlamydia trachomatis. It spreads from genitals to eye and mostly seen in urban population. It manifests as either adult inclusion conjunctivitis or chlamydial ophthalmia neonatorum. TRACHOMA
 
 Trachoma (previously known as Egyptian ophthalmia) is a chronic keratoconjunctivitis, primarily affecting the superficial epithelium of conjunctiva and cornea simultaneously. It is characterised by a mixed follicular and papillary response of conjunctival tissue. It is still one of the leading causes of preventable blindness in the world. The word 'trachoma' comes from the Greek word for 'rough' which describes the surface appearance of the conjunctiva in chronic trachoma.
 
 Table 4.2. Summary of ocular infections caused by chlamydia Genus
 
 Species
 
 Chlamydia
 
 C. trachomatis (TRIC agent) (Humans)
 
 C. lymphogranulomatis (Humans)
 
 Serotype
 
 A, B, Ba, C
 
 D to K
 
 L1, L2, L3
 
 Ocular disease
 
 Hyperendemic trachoma
 
 Paratrachoma (– neonatal and adult inclusion conjunctivitis)
 
 Lymphogranuloma venereum conjunctivitis
 
 Transmission
 
 Eye to eye
 
 Genitals to eye
 
 Genitals to eye
 
 C. psittacosis (Animals)
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 Etiology
 
 A. Causative organism. Trachoma is caused by a Bedsonian organism, the Chlamydia trachomatis belonging to the Psittacosis-lymphogranulomatrachoma (PLT) group. The organism is epitheliotropic and produces intracytoplasmic inclusion bodies called H.P. bodies (Halberstaedter Prowazeke bodies). Presently, 11 serotypes of chlamydia, (A, B, Ba, C, D, E, F, G, H, J and K) have been identified using microimmunofluorescence techniques. Serotypes A, B, Ba and C are associated with hyperendemic (blinding) trachoma, while serotypes D-K are associated with paratrachoma (oculogenital chlamydial disease). B. Predisposing factors. These include age, sex, race, climate, socioeconomic status and environmental factors. 1. Age. The infection is usually contracted during infancy and early childhood. Otherwise, there is no age bar. 2. Sex. As far as sex is concerned, there is general agreement that preponderance exists in the females both in number and in severity of disease. 3. Race. No race is immune to trachoma, but the disease is very common in Jews and comparatively less common among Negroes. 4. Climate. Trachoma is more common in areas with dry and dusty weather. 5. Socioeconomic status. The disease is more common in poor classes owing to unhygienic living conditions, overcrowding, unsanitary conditions, abundant fly population, paucity of water, lack of materials like separate towels and handkerchiefs, and lack of education and understanding about spread of contagious diseases. 6. Environmental factors like exposure to dust, smoke, irritants, sunlight etc. increase the risk of contracting disease. Therefore, outdoor workers are more affected in comparison to office workers. C. Source of infection. In trachoma endemic zones the main source of infection is the conjunctival discharge of the affected person. Therefore, superimposed bacterial infections help in transmission of the disease by increasing the conjunctival secretions.
 
 D. Modes of infection. Infection may spread from eye to eye by any of the following modes: 1. Direct spread of infection may occur through contact by air-borne or water-borne modes. 2. Vector transmission of trachoma is common through flies. 3. Material transfer plays an important role in the spread of trachoma. Material transfer can occur through contaminated fingers of doctors, nurses and contaminated tonometers. Other sources of material transfer of infection are use of common towel, handkerchief, bedding and surma-rods. Prevalence
 
 Trachoma is a worldwide disease but it is highly prevalent in North Africa, Middle East and certain regions of Sourth-East Asia. It is believed to affect some 500 million people in the world. There are about 150 million cases with active trachoma and about 30 million having trichiasis, needing lid surgery. Trachoma is responsible for 15-20 percent of the world's blindness, being second only to cataract. Clinical profile of trachoma
 
 Incubation period of trachoma varies from 5-21 days. Onset of disease is usually insidious (subacute), however, rarely it may present in acute form. Clinical course of trachoma is determined by the presence or absence of secondary infection. In the absence of such an infection, a pure trachoma is so mild and symptomless that the disease is usually neglected. But, mostly the picture is complicated by secondary infection and may start with typical symptoms of acute conjunctivitis. In the early stages it is clinically indistinguishable from the bacterial conjunctivitis and the term 'trachomadubium' (doubtful trachoma) is sometimes used for this stage. Natural history. In an endemic area natural history of trachoma is characterized by the development of acute disease in the first decade of life which continues with slow progression, until the disease becomes inactive in the second decade of life. The sequelae occur at least after 20 years of the disease. Thus, the peak incidence of blinding sequelae is seen in the fourth and fifth decade of life.
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 Symptoms 
 
 
 
 In the absence of secondary infection, symptoms are minimal and include mild foreign body sensation in the eyes, occasional lacrimation, slight stickiness of the lids and scanty mucoid discharge. In the presence of secondary infection, typical symptoms of acute mucopurulent conjunctivitis develop.
 
 Signs
 
 A. Conjunctival signs 1. Congestion of upper tarsal and forniceal conjunctiva. 2. Conjunctival follicles. Follicles (Fig. 4.9 and Fig.4.10) look like boiled sagograins and are commonly seen on upper tarsal conjunctiva and fornix; but may also be present in the lower fornix, plica semilunaris and caruncle. Sometimes, (follicles may be seen on the bulbar conjunctiva (pathognomic of trachoma).
 
 Fig. 4.10. Trachomatous inflammation follicular (TF)
 
 follicular conjunctivitis. 3. Papillary hyperplasia. Papillae are reddish, flat topped raised areas which give red and velvety appearance to the tarsal conjunctiva (Fig. 4.11). Each papilla consists of central core of numerous dilated blood vessels surrounded by lymphocytes and covered by hypertrophic epithelium.
 
 Fig. 4.9. Signs of active traochoma (diagramatic).
 
 Structure of follicle. Follicles are formed due to scattered aggregation of lymphocytes and other cells in the adenoid layer. Central part of each follicle is made up of mononuclear histiocytes, few lymphocytes and large multinucleated cells called Leber cells. The cortical part is made up of a zone of lymphocytes showing active proliferation. Blood vessels are present in the most peripheral part. In later stages signs of necrosis are also seen. Presence of Leber cells and signs of necrosis differentiate trachoma follicles from follicles of other forms of
 
 Fig. 4.11. Trachomatous inflammation intense (TI)
 
 4. Conjunctival scarring (Fig. 4.12), which may be irregular, star-shaped or linear. Linear scar present in the sulcus subtarsalis is called Arlt's line. 5. Concretions may be formed due to accumulation of dead epithelial cells and inspissated mucus in the depressions called glands of Henle.
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 3. Pannus i.e., infiltration of the cornea associated with vascularization is seen in upper part (Fig. 4.13). The vessels are superficial and lie between epithelium and Bowman's membrane. Later on Bowman's membrane is also destroyed. Pannus may be progressive or regressive.  In progressive pannus, infiltration of cornea is ahead of vascularization.  In regressive pannus (pannus siccus) vessels extend a short distance beyond the area of infiltration. 4. Corneal ulcer may sometime develop at the advancing edge of pannus. Such ulcers are usually shallow which may become chronic and indolent. 5. Herbert pits are the oval or circular pitted scars, left after healing of Herbert follicles in the limbal area (Fig. 4.14). 6. Corneal opacity may be present in the upper part. It may even extend down and involve the pupillary area. It is the end result of trachomatous corneal lesions.
 
 Fig. 4.12. Trachomatous scarring (TS)
 
 A B
 
 Fig. 4.14. Trachomatous Herbert's pits.
 
 Grading of trachoma C
 
 Fig. 4.13. Trachomatous pannus : (A) progressive, (B) regressive (diagramatic) and (C) clinical photograph
 
 B. Corneal signs 1. Superficial keratitis may be present in the upper part. 2. Herbert follicles refer to typical follicles present in the limbal area. These are histologically similar to conjunctival follicles.
 
 McCallan's classification McCallan in 1908, divided the clinical course of the trachoma into following four stages:  Stage I (Incipient trachoma or stage of infiltration). It is characterized by hyperaemia of palpebral conjunctiva and immature follicles.  Stage II (Established trachoma or stage of florid infiltration). It is characterized by appearance of mature follicles, papillae and progressive corneal pannus.
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 Stage III (Cicatrising trachoma or stage of scarring). It includes obvious scarring of palpebral conjunctiva. Stage IV (Healed trachoma or stage of sequelae). The disease is quite and cured but sequelae due to cicatrisation give rise to symptoms.
 
 WHO classification Trachoma has always been an important blinding disease under consideration of WHO and thus many attempts have been made to streamline its clinical profile. The latest classification suggested by WHO in 1987 (to replace all the previous ones) is as follows (FISTO): 1. TF: Trachomatous inflammation-follicular. It is the stage of active trachoma with predominantly follicular inflammation. To diagnose this stage at least five or more follicles (each 0.5 mm or more in diameter) must be present on the upper tarsal conjunctiva (Fig. 4.10). Further, the deep tarsal vessels should be visible through the follicles and papillae. 2. TI : Trachomatous inflammation intense. This stage is diagnosed when pronounced inflammatory thickening of the upper tarsal conjunctiva obscures more than half of the normal deep tarsal vessels (Fig. 4.11). 3. TS: Trachomatous scarring. This stage is diagnosed by the presence of scarring in the tarsal conjunctiva. These scars are easily visible as white, bands or sheets (fibrosis) in the tarsal conjunctiva (Fig. 4.12). 4. TT: Trachomatous trichiasis. TT is labelled when at least one eyelash rubs the eyeball. Evidence of recent removal of inturned eyelashes should also be graded as trachomatous trichiasis (Fig. 4.15). 5. CO: Corneal opacity. This stage is labelled when easily visible corneal opacity is present over the pupil. This sign refers to corneal scarring that is so dense that at least part of pupil margin is blurred when seen through the opacity. The definition is intended to detect corneal opacities that cause significant visual impairment (less than 6/18). Sequelae of trachoma
 
 1. Sequelae in the lids may be trichiasis (Fig. 4.15), entropion, tylosis (thickening of lid margin), ptosis, madarosis and ankyloblepharon.
 
 Fig. 4.15. Trachomatous trichiasis (TT).
 
 2. Conjunctival sequelae include concretions, pseudocyst, xerosis and symblepharon. 3. Corneal sequelae may be corneal opacity, ectasia, corneal xerosis and total corneal pannus (blinding sequelae). 4. Other sequelae may be chronic dacryocystitis, and chronic dacryoadenitis. Complications
 
 The only complication of trachoma is corneal ulcer which may occur due to rubbing by concretions, or trichiasis with superimposed bacterial infection. Diagnosis
 
 A. The clinical diagnosis of trachoma is made from its typical signs; at least two sets of signs should be present out of the following: 1. Conjunctival follicles and papillae 2. Pannus progressive or regressive 3. Epithelial keratitis near superior limbus 4. Signs of cicatrisation or its sequelae Clinical grading of each case should be done as per WHO classfication into TF, TI, TS, TT or CO. B. Laboratory diagnosis. Advanced laboratory tests are employed for research purposes only. Laboratory diagnosis of trachoma includes : 1. Conjunctival cytology. Giemsa stained smears showing a predominantly polymorphonuclear reaction with presence of plasma cells and Leber cells is suggestive of trachoma. 2. Detection of inclusion bodies in conjunctival smear may be possible by Giemsa stain, iodine
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 3. 4. 5.
 
 6.
 
 stain or immunofluorescent staining, specially in cases with active trachoma. Enzyme-linked immunosorbent assay (ELISA) for chlamydial antigens. Polymerase chain reaction (PCR) is also useful. Isolation of chlamydia is possible by yolk-sac inoculation method and tissue culture technique. Standard single-passage McCoy cell culture requires at least 3 days. Serotyping of TRIC agents is done by detecting specific antibodies using microimmunofluorescence (micro-IF) method. Direct monoclonal fluorescent antibody microscopy of conjunctival smear is rapid and inexpensive.
 
 Differential diagnosis
 
 1. Trachoma with follicular hypertrophy must be differentiated from acute adenoviral follicular conjunctivitis (epidemic keratoconjunctivitis) as follows :  Distribution of follicles in trachoma is mainly on upper palpebral conjunctiva and fornix, while in EKC lower palpebral conjunctiva and fornix is predominantly involved.  Associated signs such as papillae and pannus are characteristic of trachoma.  In clinically indistinguishable cases, laboratory diagnosis of trachoma helps in differentiation. 2. Trachoma with predominant papillary hypertrophy needs to be differentiated from palpebral form of spring catarrh as follows:  Papillae are large in size and usually there is typical cobble-stone arrangement in spring catarrh.  pH of tears is usually alkaline in spring catarrh, while in trachoma it is acidic,  Discharge is ropy in spring catarrh.  In trachoma, there may be associated follicles and pannus.  In clinically indistinguishable cases, conjunctival cytology and other laboratory tests for trachoma usually help in diagnosis. Management
 
 Management of trachoma should involve curative as well as control measures. A. Treatment of active trachoma Antibiotics for treatment of active trachoma may be
 
 given locally or systemically, but topical treatment is preferred because:  It is cheaper,  There is no risk of systemic side-effects, and  Local antibiotics are also effective against bacterial conjunctivitis which may be associated with trachoma. The following topical and systemic therapy regimes have been recommended: 1. Topical therapy regimes. It is best for individual cases. It consists of 1 percent tetracycline or 1 percent erythromycin eye ointment 4 times a day for 6 weeks or 20 percent sulfacetamide eye drops three times a day along with 1 percent tetracycline eye ointment at bed time for 6 weeks. The continuous treatment for active trachoma should be followed by an intermittent treatment especially in endemic or hyperendemic area. 2. Systemic therapy regimes. Tetracycline or erythromycin 250 mg orally, four times a day for 3-4 weeks or doxycycline 100 mg orally twice daily for 3-4 weeks or single dose of 1 gm azithromycin has also been reported to be equally effective in treating trachoma. 3. Combined topical and systemic therapy regime. It is preferred when the ocular infection is severe (TI) or when there is associated genital infection. It includes: (i) 1 per cent tetracycline or erythromycin eye ointment 4 times a day for 6 weeks; and (ii) tetracycline or erythromycin 250 mg orally 4 times a day for 2 weeks. B. Treatment of trachoma sequelae 1. Concretions should be removed with a hypodermic needle. 2. Trichiasis may be treated by epilation, electrolysis or cryolysis (see page 348). 3. Entropion should be corrected surgically (see page 349). 4. Xerosis should be treated by artificial tears. C. Prophylaxis Since, immunity is very poor and short lived, so reinfections and recurrences are likely to occur. Following prophylactic measures may be helpful against reinfection of trachoma. 1. Hygienic measures. These help a great deal in decreasing the transmission of disease, as trachoma is closely associated with personal
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 hygiene and environmental sanitation. Therefore, health education on trachoma should be given to public. The use of common towel, handkerchief, surma rods etc. should be discouraged. A good environmental sanitation will reduce the flies. A good water supply would improve washing habits. 2. Early treatment of conjunctivitis. Every case of conjunctivitis should be treated as early as possible to reduce transmission of disease. 3. Blanket antibiotic therapy (intermittent treatment). WHO has recommended this regime to be carried out in endemic areas to minimise the intensity and severity of disease. The regime is to apply 1 percent tetracycline eye ointment twice daily for 5 days in a month for 6 months. D. Prevention of trachoma blindness See page 447.
 
 Fig. 4.16. Signs of acute follicular conjunctivitis.
 
 Clinical course. The disease runs a benign course and often evolves into the chronic follicular conjunctivitis. Differential diagnosis must be made from other causes of acute follicular conjunctivitis.
 
 ADULT INCLUSION CONJUNCTIVITIS
 
 Treatment
 
 It is a type of acute follicular conjunctivitis associated with mucopurulent discharge. It usually affects the sexually active young adults.
 
 1. Topical therapy. It consists of tetracycline (1%) eye ointment 4 times a day for 6 weeks. 2. Systemic therapy is very important, since the condition is often associated with an asymptomatic venereal infection. Commonly employed antibiotics are:  Tetracycline 250 mg four times a day for 3-4 weeks.  Erythromycin 250 mg four times a day for 3-4 weeks (only when the tetracycline is contraindicated e.g., in pregnant and lactating females).  Doxycycline 100 mg twice a day for 1-2 weeks or 200 mg weekly for 3 weeks is an effective alternative to tetracycline.  Azithromycin 1 gm as a single dose is also effective.
 
 Etiology
 
 Inclusion conjunctivitis is caused by serotypes D to K of Chlamydia trachomatis. The primary source of infection is urethritis in males and cervicitis in females. The transmission of infection may occur to eyes either through contaminated fingers or more commonly through contaminated water of swimming pools (hence the name swimming pool conjunctivitis). Clinical features
 
 Incubation period of the disease is 4-12 days. Symptoms are similar to acute mucopurulent conjunctivitis and include:  Ocular discomfort, foreign body sensation,  Mild photophobia, and  Mucopurulent discharge from the eyes. Signs of inclusion conjunctivitis are:  Conjunctival hyperaemia, more marked in fornices.  Acute follicular hypertrophy predominantly of lower palpebral conjunctiva (Fig. 4.16).  Superficial keratitis in upper half of cornea. Sometimes, superior micropannus may also occur.  Pre-auricular lymphadenopathy is a usual finding.
 
 Prophylaxis
 
 Improvement in personal hygiene and regular chlorination of swimming pool water will definitely decrease the spread of disease. Patient's sexual partner should be examined and treated. VIRAL CONJUNCTIVITIS
 
 Most of the viral infections tend to affect the epithelium, both of the conjunctiva and cornea, so, the typical viral lesion is a 'keratoconjunctivitis'. In
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 some viral infections, conjunctival involvement is more prominent (e.g., pharyngo-conjunctival fever), while in others cornea is more involved (e.g., herpes simplex). Viral infections of conjunctiva include:  Adenovirus conjunctivitis  Herpes simplex keratoconjunctivitis  Herpes zoster conjunctivitis  Pox virus conjunctivitis  Myxovirus conjunctivitis  Paramyxovirus conjunctivitis  ARBOR virus conjunctivitis Clinical presentations. Acute viral conjunctivitis may present in three clinical forms: 1. Acute serous conjunctivitis 2. Acute haemorrhagic conjunctivitis 3. Acute follicular conjunctivitis (see follicular conjunctivitis). ACUTE SEROUS CONJUNCTIVITIS
 
 Etiology. It is typically caused by a mild grade viral infection which does not give rise to follicular response. Clinical features. Acute serous conjunctivitis is characterised by a minimal degree of congestion, a watery discharge and a boggy swelling of the conjunctival mucosa. Treatment. Usually it is self-limiting and does not need any treatment. But to avoid secondary bacterial infection, broad spectrum antibiotic eye drops may be used three times a day for about 7 days. ACUTE HAEMORRHAGIC CONJUNCTIVITIS
 
 It is an acute inflammation of conjunctiva characterised by multiple conjunctival haemorrhages, conjunctival hyperaemia and mild follicular hyperplasia. Etiology. The disease is caused by picornaviruses (enterovirus type 70) which are RNA viruses of small (pico) size. The disease is very contagious and is transmitted by direct hand-to-eye contact. Clinical picture. The disease has occurred in an epidemic form in the Far East, Africa and England and hence the name 'epidemic haemorrhagic conjunctivitis (EHC)' has been suggested. An epidemic of the disease was first recognized in Ghana in 1969 at the
 
 time when Apollo XI spacecraft was launched, hence the name 'Apollo conjunctivitis'.  Incubation period of EHC is very short (1-2 days).  Symptoms include pain, redness, watering, mild photophobia, transient blurring of vision and lid swelling.  Signs of EHC are conjunctival congestion, chemosis, multiple haemorrhages in bulbar conjunctiva, mild follicular hyperplasia, lid oedema and pre-auricular lymphadenopathy.  Corneal involvement may occur in the form of fine epithelial keratitis. Treatment. EHC is very infectious and poses major potential problems of cross-infection. Therefore, prophylactic measures are very important. No specific effective curative treatment is known. However, broad spectrum antibiotic eye drops may be used to prevent secondary bacterial infections. Usually the disease has a self-limiting course of 5-7 days. FOLLICULAR CONJUNCTIVITIS
 
 It is the inflammation of conjunctiva, characterised by formation of follicles, conjunctival hyperaemia and discharge from the eyes. Follicles are formed due to localised aggregation of lymphocytes in the adenoid layer of conjunctiva. Follicles appear as tiny, greyish white translucent, rounded swellings, 1-2 mm in diameter. Their appearance resembles boiled sagograins. Types
 
 1. Acute follicular conjunctivitis. 2. Chronic follicular conjunctivitis. 3. Specific type of conjunctivitis with follicle formation e.g., trachoma (page 62). ACUTE FOLLICULAR CONJUNCTIVITIS
 
 It is an acute catarrhal conjunctivitis associated with marked follicular hyperplasia especially of the lower fornix and lower palpebral conjunctiva. General clinical features
 
 Symptoms are similar to acute catarrhal conjunctivitis and include: redness, watering, mild mucoid discharge, mild photophobia and feeling of discomfort and foreign body sensation. Signs are conjunctival hyperaemia, associated with
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 multiple follicles, more prominent in lower lid than the upper lid (Fig. 4.16).
 
 Corticosteroids should not be used during active stage.
 
 Etiological types
 
 Pharyngoconjunctival fever (PCF)
 
 Etiologically, acute follicular conjunctivitis is of the following types:  Adult inclusion conjunctivitis (see page 68).  Epidemic keratoconjunctivitis  Pharyngoconjunctival fever  Newcastle conjunctivitis  Acute herpetic conjunctivitis.
 
 Etiology. It is an adenoviral infection commonly associated with subtypes 3 and 7.
 
 Epidemic Keratoconjunctivitis (EKC)
 
 It is a type of acute follicular conjunctivitis mostly associated with superficial punctate keratitis and usually occurs in epidemics, hence the name EKC. Etiology. EKC is mostly caused by adenoviruses type 8 and 19. The condition is markedly contagious and spreads through contact with contaminated fingers, solutions and tonometers. Clinical picture. Incubation period after infection is about 8 days and virus is shed from the inflamed eye for 2-3 weeks. Clinical stages. The condition mainly affects young adults. Clinical picture can be arbitrarily divided into three stages for the purpose of description only.  The first phase is of acute serous conjunctivitis which is characterised by non-specific conjunctival hyperaemia, mild chemosis and lacrimation.  Soon it is followed by second phase of typical acute follicular conjunctivitis, characterised by formation of follicles which are more marked in lower lid.  In severe cases, third phase of 'acute pseudomembranous conjunctivitis' is recognised due to formation of a pseudomembrane on the conjunctival surface (Fig. 4.17).  Corneal involvement in the form of 'superficial punctate keratitis', which is a distinctive feature of EKC, becomes apparent after 1 week of the onset of disease.  Preauricular lymphadenopathy is associated in almost all cases. Treatment. It is usually supportive. Antiviral drugs are ineffective. Recently, promising results are reported with adenine arabinoside (Ara-A).
 
 Clinical picture. Pharyngoconjunctival fever is characterised by an acute follicular conjunctivitis, associated with pharyngitis, fever and preauricular lymphadenopathy. The disease primarily affects children and appears in epidemic form. Corneal involvement in the form of superficial punctate keratitis is seen only in 30 percent of cases. Treatment is usually supportive. Newcastle conjunctivitis
 
 Etiology. It is a rare type of acute follicular conjunctivitis caused by Newcastle virus. The infection is derived from contact with diseased owls; and thus the condition mainly affects poultry workers. Clinically the condition is similar to pharyngoconjunctival fever. Acute herpetic conjunctivitis
 
 Acute herpetic follicular conjunctivitis is always an accompaniment of the 'primary herpetic infection', which mainly occurs in small children and in adolescents. Etiology. The disease is commonly caused by herpes simplex virus type 1 and spreads by kissing or other close personal contacts. HSV type 2 associated with genital infections, may also involve the eyes in adults as well as children, though rarely.
 
 Fig. 4.17. Pseudomembrane in acute epidemic keratoconjunctivitis (EKC)
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 Clinical picture. Acute herpetic follicular conjunctivitis is usually a unilateral affection with an incubation period of 3-10 days. It may occur in two clinical forms the typical and atypical.  In typical form, the follicular conjunctivitis is usually associated with other lesions of primary infection such as vesicular lesions of face and lids.  In atypical form, the follicular conjunctivitis occurs without lesions of the face, eyelid and the condition then resembles epidemic keratoconjunctivitis. The condition may evolve through phases of non-specific hyperaemia, follicular hyperplasia and pseudomembrane formation.  Corneal involvement, though rare, is not uncommon in primary herpes. It may be in the form of fine or coarse epithelial keratitis or typical dendritic keratitis.  Preauricular lymphadenopathy occurs almost always. Treatment. Primary herpetic infection is usually selflimiting. The topical antiviral drugs control the infection effectively and prevent recurrences. CHRONIC FOLLICULAR CONJUNCTIVITIS
 
 It is a mild type of chronic catarrhal conjunctivitis associated with follicular hyperplasia, predominantly involving the lower lid. Etiological types
 
 1. Infective chronic follicular conjunctivitis is essentially a condition of 'benign folliculosis' with a superadded mild infection. Benign folliculosis, also called 'School folliculosis', mainly affects school children. This condition usually occurs as a part of generalized lymphoid hyperplasia of the upper respiratory tract (enlargement of adenoids and tonsils) seen at this age. It may be associated with malnutrition, constitutional disorders and unhygienic conditions. In this condition, follicles are typically arranged in parallel rows in the lower palpebral conjunctiva without any associated conjunctival hyperaemia (Fig.4.18). 2. Toxic type of chronic follicular conjunctivitis is seen in patients suffering from molluscum
 
 Fig. 4.18. Benign folliculosis.
 
 contagiosum. This follicular conjunctivitis occurs as a response to toxic cellular debris desquamated into the conjunctival sac from the molluscum contagiosum nodules present on the lid margin (the primary lesion). 3. Chemical chronic follicular conjunctivitis. It is an irritative follicular conjunctival response which occurs after prolonged administration of topical medication. The common topical preparations associated with chronic follicular conjunctivitis are: idoxuridine (IDU), eserine, pilocarpine, DFP and adrenaline. 4. Chronic allergic follicular conjunctivitis. A true allergic response is usually papillary. However, a follicular response is also noted in patients with 'contact dermoconjunctivitis'. OPHTHALMIA NEONATORUM
 
 Ophthalmia neonatorum is the name given to bilateral inflammation of the conjunctiva occurring in an infant, less than 30 days old. It is a preventable disease usually occurring as a result of carelessness at the time of birth. As a matter of fact any discharge or even watering from the eyes in the first week of life should arouse suspicion of ophthalmia neonatorum, as tears are not formed till then. Etiology
 
 Source and mode of infection Infection may occur in three ways: before birth, during birth or after birth. 1. Before birth infection is very rare through infected liquor amnii in mothers with ruptured membrances.
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 2. During birth. It is the most common mode of infection from the infected birth canal especially when the child is born with face presentation or with forceps. 3. After birth. Infection may occur during first bath of newborn or from soiled clothes or fingers with infected lochia. Causative agents 1. Chemical conjunctivitis It is caused by silver nitrate or antibiotics used for prophylaxis. 2. Gonococcal infection was considered a serious disease in the past, as it used to be responsible for 50 per cent of blindness in children. But, recently the decline in the incidence of gonorrhoea as well as effective methods of prophylaxis and treatment have almost eliminated it in developed countries. However, in many developing countries it still continues to be a problem. 3. Other bacterial infections, responsible for ophthalmia neonatorum are Staphylococcus aureus, Streptococcus haemolyticus, and Streptococcus pneumoniae. 4. Neonatal inclusion conjunctivitis caused by serotypes D to K of Chlamydia trachomatis is the commonest cause of ophthalmia neonatorum in developed countries. 5. Herpes simplex ophthalmia neonatorum is a rare condition caused by herpes simplex-II virus. Clinical features
 
 Incubation period It varies depending on the type of the causative agent as shown below: Causative agent Incubation period 1. Chemical 4-6 hours 2. Gonococcal 2-4 days 3. Other bacterial 4-5 days 4. Neonatal inclusion conjunctivitis 5-14 days 5. Herpes simplex 5-7 days Symptoms and signs (Fig. 4.19) 1. Pain and tenderness in the eyeball. 2. Conjunctival discharge. It is purulent in gonococcal ophthalmia neonatorum and mucoid or mucopurulent in other bacterial cases and neonatal inclusion conjunctivitis. 3. Lids are usually swollen.
 
 Fig. 4.19. Ophthalmia neonatorum.
 
 4. Conjunctiva may show hyperaemia and chemosis. There might be mild papillary response in neonatal inclusion conjunctivitis and herpes simplex ophthalmia neonatorum. 5. Corneal involvement, though rare, may occur in the form of superficial punctate keratitis especially in herpes simplex ophthalmia neonatorum. Complications
 
 Untreated cases, especially of gonococcal ophthalmia neonatorum, may develop corneal ulceration, which may perforate rapidly resulting in corneal opacification or staphyloma formation. Treatment
 
 Prophylactic treatment is always better than curative. A. Prophylaxis needs antenatal, natal and postnatal care. 1. Antenatal measures include thorough care of mother and treatment of genital infections when suspected. 2. Natal measures are of utmost importance, as mostly infection occurs during childbirth.  Deliveries should be conducted under hygienic conditions taking all aseptic measures.  The newborn baby's closed lids should be thoroughly cleansed and dried. 3. Postnatal measures include :  Use of either 1 percent tetracycline ointment or 0.5 percent erythromycin ointment or 1 percent silver nitrate solution (Crede's method) into the eyes of the babies immediately after birth.  Single injection of ceftriaxone 50 mg/kg IM or IV (not to exceed 125 mg) should be given to
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 infants born to mothers with untreated gonococcal infection. B. Curative treatment. As a rule, conjunctival cytology samples and culture sensitivity swabs should be taken before starting the treatment. 1. Chemical ophthalmia neonatorum is a self-limiting condition, and does not require any treatment. 2. Gonococcal ophthalmia neonatorum needs prompt treatment to prevent complications. i. Topical therapy should include :  Saline lavage hourly till the discharge is eliminated.  Bacitracin eye ointment 4 times/day. Because of resistant strains topical penicillin therapy is not reliable. However in cases with proved penicillin susceptibility, penicillin drops 5000 to 10000 units per ml should be instilled every minute for half an hour, every five minutes for next half an hour and then half hourly till the infection is controlled.  If cornea is involved then atropine sulphate ointment should be applied. ii. Systemic therapy. Neonates with gonococcal ophthalmia should be treated for 7 days with one of the following regimes:  Ceftriaxone 75-100 mg/kg/day IV or IM, QID.  Cefotaxime 100-150 mg/kg/day IV or IM, 12 hourly.  Ciprofloxacin 10-20 mg/kg/day or Norfloxacin 10 mg/kg/day.  If the gonococcal isolate is proved to be susceptible to penicillin, crystalline benzyl penicillin G 50,000 units to full term, normal weight babies and 20,000 units to premature or low weight babies should be given intramuscularly twice daily for 3 days. 3. Other bacterial ophthalmia neonatorum should be treated by broad spectrum antibiotic drops and ointments for 2 weeks. 4. Neonatal inclusion conjunctivitis responds well to topical tetracycline 1 per cent or erythromycin 0.5 per cent eye ointment QID for 3 weeks. However, systemic erythromycin (125 mg orally, QID for 3 weeks should also be given since the presence of chlamydia agents in the conjunctiva implies colonization of upper respiratory tract as well. Both parents should also be treated with systemic erythromycin.
 
 5. Herpes simplex conjunctivitis is usually a selflimiting disease. However, topical antiviral drugs control the infection more effectively and may prevent the recurrence. ALLERGIC CONJUNCTIVITIS
 
 It is the inflammation of conjunctiva due to allergic or hypersensitivity reactions which may be immediate (humoral) or delayed (cellular). The conjunctiva is ten times more sensitive than the skin to allergens. Types
 
 1. Simple allergic conjunctivitis  Hay fever conjunctivitis  Seasonal allergic conjunctivitis (SAC)  Perennial allergic conjunctivitis (PAC) 2. Vernal keratoconjunctivitis (VKC) 3. Atopic keratoconjunctivitis (AKC) 4. Giant papillary conjunctivitis (GPC) 5. Phlyctenular keratoconjunctivitis (PKC) 6. Contact dermoconjunctivitis (CDC) SIMPLE ALLERGIC CONJUNCTIVITIS
 
 It is a mild, non-specific allergic conjunctivitis characterized by itching, hyperaemia and mild papillary response. Basically, it is an acute or subacute urticarial reaction. Etiology
 
 It is seen in following forms: 1. Hay fever conjunctivitis. It is commonly associated with hay fever (allergic rhinitis). The common allergens are pollens, grass and animal dandruff. 2. Seasonal allergic conjunctivitis (SAC). SAC is a response to seasonal allergens such as grass pollens. It is of very common occurrence. 3. Perennial allergic conjunctivitis (PAC) is a response to perennial allergens such as house dust and mite. It is not so common. Pathology
 
 Pathological features of simple allergic conjunctivitis comprise vascular, cellular and conjunctival responses. 1. Vascular response is characterised by sudden and extreme vasodilation and increased permeability of vessels leading to exudation.
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 2. Cellular response is in the form of conjunctival infiltration and exudation in the discharge of eosinophils, plasma cells and mast cells producing histamine and histamine-like substances. 3. Conjunctival response is in the form of boggy swelling of conjunctiva followed by increased connective tissue formation and mild papillary hyperplasia.
 
 thought to be an atopic allergic disorder in many cases, in which IgE-mediated mechanisms play an important role. Such patients may give personal or family history of other atopic diseases such as hay fever, asthma, or eczema and their peripheral blood shows eosinophilia and inceased serum IgE levels.
 
 Symptoms include intense itching and burning sensation in the eyes associated with watery discharge and mild photophobia. Signs. (a) Hyperaemia and chemosis which give a swollen juicy appearance to the conjunctiva. (b) Conjunctiva may also show mild papillary reaction. (c) Oedema of lids.
 
 Predisposing factors 1. Age and sex. 4-20 years; more common in boys than girls. 2. Season. More common in summer; hence the name spring catarrh looks a misnomer. Recently it is being labelled as 'Warm weather conjunctivitis'. 3. Climate. More prevalent in tropics, less in temperate zones and almost non-existent in cold climate.
 
 Diagnosis
 
 Pathology
 
 Diagnosis is made from : (1) typical symptoms and signs; (2) normal conjunctival flora; and (3) presence of abundant eosinophils in the discharge.
 
 1. Conjunctival epithelium undergoes hyperplasia and sends downward projections into the subepithelial tissue. 2. Adenoid layer shows marked cellular infiltration by eosinophils, plasma cells, lymphocytes and histiocytes. 3. Fibrous layer shows proliferation which later on undergoes hyaline changes. 4. Conjunctival vessels also show proliferation, increased permeability and vasodilation. All these pathological changes lead to formation of multiple papillae in the upper tarsal conjunctiva.
 
 Clinical picture
 
 Treatment
 
 1. Elimination of allergens if possible. 2. Local palliative measures which provide immediate relief include: i. Vasoconstrictors like adrenaline, ephedrine, and naphazoline. ii. Sodium cromoglycate drops are very effective in preventing recurrent atopic cases. iii. Steroid eye drops should be avoided. However, these may be prescribed for short duration in severe and non-responsive patients. 3. Systemic antihistaminic drugs are useful in acute cases with marked itching. 4. Desensitization has been tried without much rewarding results. However, a trial may be given in recurrent cases. VERNAL KERATOCONJUNCTIVITIS (VKC) OR SPRING CATARRH
 
 It is a recurrent, bilateral, interstitial, self-limiting, allergic inflammation of the conjunctiva having a periodic seasonal incidence. Etiology
 
 It is considered a hypersensitivity reaction to some exogenous allergen, such as grass pollens. VKC is
 
 Clinical picture
 
 Symptoms. Spring catarrh is characterised by marked burning and itching sensation which is usually intolerable and accentuated when patient comes in a warm humid atmosphere. Itching is more marked with palpebral form of disease. Other associated symptoms include: mild photophobia, lacrimation, stringy (ropy) discharge and heaviness of lids. Signs of vernal keratoconjunctivitis can be described in following three clinical forms: 1. Palpebral form. Usually upper tarsal conjunctiva of both eyes is involved. The typical lesion is characterized by the presence of hard, flat topped, papillae arranged in a 'cobble-stone' or 'pavement stone', fashion (Fig. 4.20). In severe cases, papillae
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 may hypertrophy to produce cauliflower like excrescences of 'giant papillae'. Conjunctival changes are associated with white ropy discharge.
 
 Fig. 4.21. Bulbar form of vernal keratoconjunctivitis. Fig. 4.20. Palpebral form of vernal keratoconjunctivitis.
 
 2. Bulbar form. It is characterised by: (i) dusky red triangular congestion of bulbar conjunctiva in palpebral area; (ii) gelatinous thickened accumulation of tissue around the limbus; and (iii) presence of discrete whitish raised dots along the limbus (Tranta's spots) (Fig. 4.21). 3. Mixed form. It shows combined features of both palpebral and bulbar forms (Fig. 4.22). Vernal keratopathy. Corneal involvement in VKC may be primary or secondary due to extension of limbal lesions. Vernal keratopathy includes following 5 types of lesions: 1. Punctate epithelial keratitis involving upper cornea is usually associated with palpebral form of disease. The lesions always stain with rose bengal and invariably with fluorescein dye. 2. Ulcerative vernal keratitis (shield ulceration) presents as a shallow transverse ulcer in upper part of cornea. The ulceration results due to epithelial macroerosions. It is a serious problem which may be complicated by bacterial keratitis. 3. Vernal corneal plaques result due to coating of bare areas of epithelial macroerosions with a layer of altered exudates (Fig. 4.23). 4. Subepithelial scarring occurs in the form of a ring scar. 5. Pseudogerontoxon is characterised by a classical ‘cupid’s bow’ outline.
 
 Fig. 4.22. Artist's diagram of mixed form of vernal keratoconjunctivitis.c
 
 Fig. 4.23. Vernal corneal plaque.
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 Clinical course of disease is often self-limiting and usually burns out spontaneously after 5-10 years. Differential diagnosis. Palpebral form of VKC needs to be differentiated from trachoma with pre-dominant papillary hypertrophy (see page 67). Treatment
 
 A. Local therapy 1. Topical steroids. These are effective in all forms of spring catarrh. However, their use should be minimised, as they frequently cause steroid induced glaucoma. Therefore, monitoring of intraocular pressure is very important during steroid therapy. Frequent instillation (4 hourly) to start with (2 days) should be followed by maintenance therapy for 3-4 times a day for 2 weeks. Commonly used steroid solutions are of fluorometholone medrysone, betamethasone or dexamethasone. Medrysone and fluorometholone are safest of all these. 2. Mast cell stabilizers such as sodium cromoglycate (2%) drops 4-5 times a day are quite effective in controlling VKC, especially atopic cases. It is mast cell stabilizer. Azelastine eye drops are also effective in controlling VKC. 3. Topical antihistaminics are also effective. 4. Acetyl cysteine (0.5%) used topically has mucolytic properties and is useful in the treatment of early plaque formation. 5. Topical cyclosporine (1%) drops have been recently reported to be effective in severe unresponsive cases.
 
 
 
 
 
 Cold compresses and ice packs have soothing effects. Change of place from hot to cold area is recommended for recalcitrant cases.
 
 E. Desensitization has also been tried without much rewarding results. F. Treatment of vernal keratopathy  Punctate epithelial keratitis requires no extra treatment except that instillation of steroids should be increased.  A large vernal plaque requires surgical excision by superficial keratectomy.  Severe shield ulcer resistant to medical therapy may need surgical treatment in the form of debridment, superficial keratectomy, excimer laser therapeutic kerateotomy as well as amniotic membrane transplantation to enhance reepithelialization. Atopic keratoconjunctivitis (AKC)
 
 It can be thought of as an adult equivalent of vernal keratoconjunctivitis and is often associated with atopic dermatitis. Most of the patients are young atopic adults, with male predominance. Symptoms include:  Itching, soreness, dry sensation.  Mucoid discharge.  Photophobia or blurred vision.
 
 B. Systemic therapy 1. Oral antihistaminics may provide some relief from itching in severe cases. 2. Oral steroids for a short duration have been recommended for advanced, very severe, nonresponsive cases.
 
 Signs  Lid margins are chronically inflamed with rounded posterior borders.  Tarsal conjunctiva has a milky appearance. There are very fine papillae, hyperaemia and scarring with shrinkage.  Cornea may show punctate epithelial keratitis, often more severe in lower half. There may also occur corneal vascularization, thinning and plaques.
 
 C. Treatment of large papillae. Very large (giant) papillae can be tackled either by :  Supratarsal injection of long acting steroid or  Cryo application  Surgical excision is recommended for extraordinarily large papillae. D. General measures include :  Dark goggles to prevent photophobia.
 
 Clinical course. Like the dermatitis with which it is associated, AKC has a protracted course with exacerbations and remissions. Like vernal keratoconjunctivitis it tends to become inactive when the patient reaches the fifth decade. Associations may be keratoconus and atopic cataract. Treatment is often frustrating.  Treat facial eczema and lid margin disease.
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 Sodium cromoglycate drops, steroids and tear supplements may be helpful for conjunctival lesions.
 
 GIANT PAPILLARY CONJUNCTIVITIS (GPC)
 
 It is the inflammation of conjunctiva with formation of very large sized papillae. Etiology. It is a localised allergic response to a physically rough or deposited surface (contact lens, prosthesis, left out nylon sutures). Probably it is a sensitivity reaction to components of the plastic leached out by the action of tears. Symptoms. Itching, stringy discharge and reduced wearing time of contact lens or prosthetic shell. Signs. Papillary hypertrophy (1 mm in diameter) of the upper tarsal conjunctiva, similar to that seen in palpebral form of VKC with hyperaemia are the main signs (Fig. 4.24).
 
 of the conjunctival and corneal epithelium to some endogenous allergens to which they have become sensitized. Phlyctenular conjunctivitis is of worldwide distribution. However, its incidence is higher in developing countries. Etiology
 
 It is believed to be a delayed hypersensitivity (Type IV-cell mediated) response to endogenous microbial proteins. I. Causative allergens 1. Tuberculous proteins were considered, previously, as the most common cause. 2. Staphylococcus proteins are now thought to account for most of the cases. 3. Other allergens may be proteins of Moraxella Axenfeld bacillius and certain parasites (worm infestation). II. Predisposing factors 1. Age. Peak age group is 3-15 years. 2. Sex. Incidence is higher in girls than boys. 3. Undernourishment. Disease is more common in undernourished children. 4. Living conditions. Overcrowded and unhygienic. 5. Season. It occurs in all climates but incidence is high in spring and summer seasons. Pathology
 
 Treatment 1. The offending cause should be removed. After discontinuation of contact lens or artificial eye or removal of nylon sutures, the papillae resolve over a period of one month. 2. Disodium cromoglycate is known to relieve the symptoms and enhance the rate of resolution. 3. Steroids are not of much use in this condition.
 
 1. Stage of nodule formation. In this stage there occurs exudation and infiltration of leucocytes into the deeper layers of conjunctiva leading to a nodule formation. The central cells are polymorphonuclear and peripheral cells are lymphocytes. The neighbouring blood vessels dilate and their endothelium proliferates. 2. Stage of ulceration. Later on necrosis occurs at the apex of the nodule and an ulcer is formed. Leucocytic infiltration increases with plasma cells and mast cells. 3. Stage of granulation. Eventually floor of the ulcer becomes covered by granulation tissue. 4. Stage of healing. Healing occurs usually with minimal scarring.
 
 PHLYCTENULAR KERATOCONJUNCTIVITIS
 
 Clinical picture
 
 Phlyctenular keratoconjunctivitis is a characteristic nodular affection occurring as an allergic response
 
 Symptoms in simple phlyctenular conjunctivitis are few, like mild discomfort in the eye, irritation and reflex
 
 Fig. 4.24. Giant papillary conjunctivities (GPC).
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 watering. However, usually there is associated mucopurulent conjunctivitis due to secondary bacterial infection. Signs. The phlyctenular conjunctivitis can present in three forms: simple, necrotizing and miliary. 1. Simple phylctenular conjunctivitis. It is the most commonly seen variety. It is characterised by the presence of a typical pinkish white nodule surrounded by hyperaemia on the bulbar conjunctiva, usually near the limbus. Most of the times there is solitary nodule but at times there may be two nodules (Fig. 4.25). In a few days the nodule ulcerates at apex which later on gets epithelised. Rest of the conjunctiva is normal. 2. Necrotizing phlyctenular conjunctivitis is characterised by the presence of a very large phlycten with necrosis and ulceration leading to a severe pustular conjunctivitis. 3. Miliary phlyctenular conjunctivitis is characterised by the presence of multiple phlyctens which may be arranged haphazardly or in the form of a ring around the limbus and may even form a ring ulcer. Phlyctenular keratitis. Corneal involvement may occur secondarily from extension of conjunctival phlycten; or rarely as a primary disease. It may present in two forms: the 'ulcerative phlyctenular keratitis' or 'diffuse infiltrative keratitis'. A. Ulcerative phlyctenular keratitis may occur in the following three forms: 1. Sacrofulous ulcer is a shallow marginal ulcer formed due to breakdown of small limbal phlycten. It differs from the catarrhal ulcer in that there is
 
 no clear space between the ulcer and the limbus and its long axis is frequently perpendicular to limbus. Such an ulcer usually clears up without leaving any opacity. 2. Fascicular ulcer has a prominent parallel leash of blood vessels (Fig. 4.26). This ulcer usually remains superficial but leaves behind a bandshaped superficial opacity after healing.
 
 Fig. 4.26. Fascicular corneal ulcer.
 
 3. Miliary ulcer. In this form multiple small ulcers are scattered over a portion of or whole of the cornea. B. Diffuse infiltrative phlyctenular keratitis may appear in the form of central infiltration of cornea with characteristic rich vascularization from the periphery, all around the limbus. It may be superficial or deep. Clinical course is usually self-limiting and phlycten disappears in 8-10 days leaving no trace. However, recurrences are very common. Differential diagnosis
 
 Fig. 4.25. Phylctenular conjunctivitis.
 
 Phlyctenular conjunctivitis needs to be differentiated from the episcleritis, scleritis, and conjunctival foreign body granuloma. Presence of one or more whitish raised nodules on the bulbar conjunctiva near the limbus, with hyperaemia usually of the surrounding conjunctiva, in a child living in bad hygienic conditions (most of
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 the times) are the diagnostic features of the phlyctenular conjunctivitis.
 
 known to produce contact dermoconjunctivitis are atropine, penicillin, neomycin, soframycin and gentamycin.
 
 Management
 
 It includes treatment of phlyctenular conjunctivitis by local therapy, investigations and specific therapy aimed at eliminating the causative allergen and general measures to improve the health of the child. 1. Local therapy. i. Topical steroids, in the form of eye drops or ointment (dexamethasone or betamethasone) produce dramatic effect in phlyctenular keratoconjunctivitis. ii. Antibiotic drops and ointment should be added to take care of the associated secondary infection (mucopurulent conjunctivitis). iii. Atropine (1%) eye ointment should be applied once daily when cornea is involved. 2. Specific therapy. Attempts must be made to search and eradicate the following causative conditions: i. Tuberculous infection should be excluded by Xrays chest, Mantoux test, TLC, DLC and ESR. In case, a tubercular focus is discovered, antitubercular treatment should be started to combat the infection. ii. Septic focus, in the form of tonsillitis, adenoiditis, or caries teeth, when present should be adequately treated by systemic antibotics and necessary surgical measures. iii. Parasitic infestation should be ruled out by repeated stool examination and when discovered should be adequately treated for complete eradication.
 
 Clinical picture
 
 1. Cutaneous involvement is in the form of weeping eczematous reaction, involving all areas with which medication comes in contact. 2. Conjunctival response is in the form of hyperaemia with a generalised papillary response affecting the lower fornix and lower palpebral conjunctiva more than the upper. Diagnosis is made from:  Typical clinical picture.  Conjunctival cytology shows a lymphocytic response with masses of eosinophils.  Skin test to the causative allergen is positive in most of the cases. Treatment consists of: 1. Discontinuation of the causative medication, 2. Topical steroid eye drops to relieve symptoms, and 3. Application of steroid ointment on the involved skin. GRANULOMATOUS CONJUNCTIVITIS
 
 3. General measures aimed to improve the health of child are equally important. Attempts should be made to provide high protein diet supplemented with vitamins A, C and D.
 
 Granulomatous conjunctivitis is the term used to describe certain specific chronic inflammations of the conjunctiva, characterised by proliferative lesions which usually tend to remain localized to one eye and are mostly associated with regional lymphadenitis. Common granulomatous conjunctival inflammations are:  Tuberculosis of conjunctiva  Sarcoidosis of conjunctiva  Syphilitic conjunctivitis  Leprotic conjunctivitis  Conjunctivitis in tularaemia  Ophthalmia nodosa
 
 CONTACT DERMOCONJUNCTIVITIS
 
 Parinaud's oculoglandular syndrome
 
 It is an allergic disorder, involving conjunctiva and skin of lids along with surrounding area of face.
 
 It is the name given to a group of conditions characterised by: 1. Unilateral granulomatous conjunctivitis (nodular elevations surrounded by follicles), 2. Preauricular lymphadenopathy, and 3. Fever. Its common causes are tularaemia, cat-scratch
 
 Etiology
 
 It is in fact a delayed hypersensitivity (type IV) response to prolonged contact with chemicals and drugs. A few common topical ophthalmic medications
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 disease, tuberculosis, syphilis and lymphogranuloma venereum. This term (Parinaud's oculoglandular syndrome) is largely obsolete, since the infecting agents can now be usually determined. Ophthalmia nodosa (Caterpillar hair conjunctivitis)
 
 It is a granulomatous inflammation of the conjunctiva characterized by formation of a nodule on the bulbar conjunctiva in response to irritation caused by the retained hair of caterpillar. The disease is, therefore, common in summers. The condition may be often mistaken for a tubercular nodule. Histopathological examination reveals hair surrounded by giant cells and lymphocytes. Treatment consists of excision biopsy of the nodule.
 
 DEGENERATIVE CONDITIONS PINGUECULA
 
 Pinguecula is an extremely common degenerative condition of the conjunctiva. It is characterized by formation of a yellowish white patch on the bulbar conjunctiva near the limbus. This condition is termed pinguecula, because of its resemblance to fat, which means pinguis. Etiology of pinguecula is not known exactly. It has been considered as an age-change, occurring more commonly in persons exposed to strong sunlight, dust and wind. It is also considered a precursor of pterygium. Pathology. There is an elastotic degeneration of collagen fibres of the substantia propria of conjunctiva, coupled with deposition of amorphous hyaline material in the substance of conjunctiva. Clinical features. Pinguecula (Fig. 4.27) is a bilateral, usually stationary condition, presenting as yellowishwhite triangular patch near the limbus. Apex of the triangle is away from the cornea. It affects the nasal side first and then the temporal side. When conjunctiva is congested, it stands out as an avascular prominence. Complications of pinguecula include its inflammation, intraepithelial abscess formation and rarely conversion into pterygium. Treatment. In routine no treatment is required for pinguecula. However, if so desired, it may be excised.
 
 Fig. 4.27. Pinguecula.
 
 PTERYGIUM
 
 Pterygium (L. Pterygion = a wing) is a wing-shaped fold of conjunctiva encroaching upon the cornea from either side within the interpalpebral fissure. Etiology. Etiology of pterygium is not definitely known. But the disease is more common in people living in hot climates. Therefore, the most accepted view is that it is a response to prolonged effect of environmental factors such as exposure to sun (ultraviolet rays), dry heat, high wind and abundance of dust. Pathology. Pathologically pterygium is a degenerative and hyperplastic condition of conjunctiva. The subconjunctival tissue undergoes elastotic degeneration and proliferates as vascularised granulation tissue under the epithelium, which ultimately encroaches the cornea. The corneal epithelium, Bowman's layer and superficial stroma are destroyed. Clinical features. Pterygium is more common in elderly males doing outdoor work. It may be unilateral or bilateral. It presents as a triangular fold of conjunctiva encroaching the cornea in the area of palpebral aperture, usually on the nasal side (Fig.4.28), but may also occur on the temporal side. Deposition of iron seen sometimes in corneal epithelium anterior to advancing head of pterygium is called stocker's line. Parts. A fully developed pterygium consists of three parts (Fig.4.28): i. Head (apical part present on the cornea), ii. Neck (limbal part), and iii. Body (scleral part) extending between limbus and the canthus.
 
 81
 
 DISEASES OF THE CONJUNCTIVA
 
 Table 4.3. Differences between pterygium and pseudopterygium
 
 1. Etiology 2. Age
 
 3. Site
 
 4. Stages
 
 5. Probe test Fig. 4.28. Pterygium
 
 Types. Depending upon the progression it may be progressive or regressive pterygium.  Progressive pterygium is thick, fleshy and vascular with a few infiltrates in the cornea, in front of the head of the pterygium (called cap of pterygium).  Regressive pterygium is thin, atrophic, attenuated with very little vascularity. There is no cap. Ultimately it becomes membranous but never disappears. Symptoms. Pterygium is an asymptomatic condition in the early stages, except for cosmetic intolerance. Visual disturbances occur when it encroaches the pupillary area or due to corneal astigmatism induced due to fibrosis in the regressive stage. Occasionally diplopia may occur due to limitation of ocular movements. Complications like cystic degeneration and infection are infrequent. Rarely, neoplastic change to epithelioma, fibrosarcoma or malignant melanoma, may occur. Differential diagnosis. Pterygium must be differentiated from pseudopterygium. Pseudopterygium is a fold of bulbar conjunctiva attached to the cornea. It is formed due to adhesions of chemosed bulbar conjunctiva to the marginal corneal ulcer. It usually occurs following chemical burns of the eye. Differences between pterygium and pseudopterygium are given in Table 4.3.
 
 Pterygium
 
 Pseudopterygium
 
 Degenerative process Usually occurs in elderly persons Always situated in the palpebral aperture Either progressive, ssive, regressive or stationary Probe cannot be passed underneath
 
 Inflammatory process Can occur at any age Can occur at any site Always stationary
 
 A probe can be passed under the neck
 
 Treatment. Surgical excision is the only satisfactory treatment, which may be indicated for: (1) cosmetic reasons, (2) continued progression threatening to encroach onto the pupillary area (once the pterygium has encroached pupillary area, wait till it crosses on the other side), (3) diplopia due to interference in ocular movements. Recurrence of the pterygium after surgical excision is the main problem (30-50%). However, it can be reduced by any of the following measures: 1. Transplantation of pterygium in the lower fornix (McReynold's operation) is not performed now. 2. Postoperative beta irradiations (not used now). 3. Postoperative use of antimitotic drugs such as mitomycin-C or thiotepa. 4. Surgical excision with bare sclera. 5. Surgical excision with free conjunctival graft taken from the same eye or other eye is presently the preferred technique. 6. In recurrent recalcitrant pterygium, surgical excision should be coupled with lamellar keratectomy and lamellar keratoplasty. Surgical technique of pterygium excision 1. After topical anaesthesia, eye is cleansed, draped and exposed using universal eye speculum. 2. Head of the pterygium is lifted and dissected off the cornea very meticulously (Fig. 4.29A).
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 3. The main mass of pterygium is then separated from the sclera underneath and the conjunctiva superficially. 4. Pterygium tissue is then excised taking care not to damage the underlying medial rectus muscle (Fig. 4.29B). 5. Haemostasis is achieved and the episcleral tissue exposed is cauterised thoroughly. 6. Next step differs depending upon the technique adopted as follows: i. In simple excision the conjunctiva is sutured back to cover the sclera (Fig. 4.29C). ii. In bare sclera technique, some part of conjunctiva is excised and its edges are sutured to the underlying episcleral tissue leaving some bare part of sclera near the limbus (Fig. 4.29D). iii. Free conjunctival membrane graft may be used to cover the bare sclera (Fig. 4.29E). This procedure is more effective in reducing recurrence. Free conjunctiva from the same or opposite eye may be used as a graft. iv. Limbal conjunctival autograft transplantation (LLAT) to cover the defet after pterygium excision is the latest and most effective technique in the management of pterygium. CONCRETIONS
 
 Etiology. Concretions are formed due to accumulation of inspissated mucus and dead epithelial cell debris into the conjunctival depressions called loops of Henle. They are commonly seen in elderly people as a degenerative condition and also in patients with scarring stage of trachoma. The name concretion is a misnomer, as they are not calcareous deposits.
 
 Fig. 4.29. Surgical technique of pterygium excision : A, dissection of head from the cornea; B, excision of pterygium tissue under the conjunctiva; C, direct closure of the conjunctiva after undermining; D, bare sclera technique–suturing the conjunctiva to the episcleral tissue; E, free conjunctival graft after excising the pterygium.
 
 Clinical features. Concretions are seen on palpebral conjunctiva, more commonly on upper than the lower. They may also be seen in lower fornix. These are yellowish white, hard looking, raised areas, varying in size from pin point to pin head. Being hard, they may produce foreign body sensations and lacrimation by rubbing the corneal surface. Occasionally they may even cause corneal abrasions. Treatment. It consists of their removal with the help of a hypodermic needle under topical anaesthesia.
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 SYMPTOMATIC CONDITIONS OF CONJUNCTIVA     
 
 Hyperaemia of conjunctiva Chemosis of conjunctiva Ecchymosis of conjunctiva Xerosis of conjunctiva Discoloration of conjunctiva
 
 SIMPLE HYPERAEMIA OF CONJUNCTIVA
 
 Simple hyperaemia of conjunctiva means congestion of the conjunctival vessels without being associated with any of the established diseases. Etiology. It may be acute and transient, or recurrent and chronic. 1. Acute transient hyperaemia. It results due to temporary irritation caused by: (i) Direct irritants such as a foreign body, misdirected cilia, concretions, dust, chemical fumes, smoke, stormy wind, bright light, extreme cold, extreme heat and simple rubbing of eyes with hands; (ii) Reflex hyperaemia due to eye strain, from inflammations of nasal cavity, lacrimal passages and lids; (iii) Hyperaemia associated with systemic febrile conditions; (iv) Non-specific inflammation of conjunctiva. 2. Recurrent or chronic hyperaemia. It is often noticed in chronic smokers, chronic alcoholics, people residing in dusty, ill-ventilated rooms, workers exposed to prolonged heat, in patients with rosacea and in patients suffering from insomnia or otherwise having less sleep. Clinical features. Patients with simple hyperaemia usually complain of a feeling of discomfort, heaviness, grittiness, tiredness and tightness in the eyes. There may be associated mild lacrimation and minimal mucoid discharge. On cursory examination, the conjunctiva often looks normal. However, eversion of the lids may reveal mild to moderate congestion being more marked in fornices. Treatment. It consists of removal of the cause of hyperaemia. In acute transient hyperaemia the removal of irritants (e.g., misdirected cilia) gives prompt relief. Symptomatic relief may be achieved by use of topical decongestants (e.g., 1:10000 adrenaline drops) or astringent drops (e.g., zinc-boric acid drops).
 
 CHEMOSIS OF CONJUNCTIVA
 
 Chemosis or oedema of the conjunctiva is of frequent occurrence owing to laxity of the tissue. Causes. The common causes of chemosis can be grouped as under: 1. Local inflammatory conditions. These include conjunctivitis, corneal ulcers, fulminating iridocyclitis, endophthalmitis, panophthalmitis, styes, acute meibomitis, orbital cellulitis, acute dacryoadenitis, acute dacryocystitis, tenonitis and so on. 2. Local obstruction to flow of blood and/or lymph. It may occur in patients with orbital tumours, cysts, endocrine exophthalmos, orbital pseudotumours, cavernous sinus thrombosis, carotico-cavernous fistula, blockage of orbital lymphatics following orbital surgery, acute congestive glaucoma etc. 3. Systemic causes. These include severe anaemia and hypoproteinaemia, congestive heart failure, nephrotic syndrome, urticaria, and angioneurotic oedema. Clinical features and management of chemosis depends largely upon the causative factor. ECCHYMOSIS OF CONJUNCTIVA
 
 Ecchymosis or subconjunctival haemorrhage is of very common occurrence. It may vary in extent from small petechial haemorrhage to an extensive one spreading under the whole of the bulbar conjunctiva and thus making the white sclera of the eye invisible. The condition though draws the attention of the patients immediately as an emergency but is most of the time trivial. Etiology. Subconjunctival haemorrhage may be associated with following conditions: 1. Trauma. It is the most common cause of subconjunctival haemorrhage. It may be in the form of (i) local trauma to the conjunctiva including that due to surgery and subconjunctival injections, (ii) retrobulbar haemorrhage which almost immediately spreads below the bulbar conjunctiva. Mostly, it results from a retrobulbar injection and from trauma involving various walls of the orbit. 2. Inflammations of the conjunctiva. Petechial subconjunctival haemorrhages are usually
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 3.
 
 4.
 
 5. 6. 7. 8.
 
 9.
 
 associated with acute haemorrhagic conjunctivitis caused by picornaviruses, pneumococcal conjunctivitis and leptospirosis, icterohaemorrhagica conjunctivitis. Sudden venous congestion of head. The subconjunctival haemorrhages may occur owing to rupture of conjunctival capillaries due to sudden rise in pressure. Common conditions are whooping cough, epileptic fits, strangulation or compression of jugular veins and violent compression of thorax and abdomen as seen in crush injuries. Spontaneous rupture of fragile capillaries may occur in vascular diseases such as arteriosclerosis, hypertension and diabetes mellitus. Local vascular anomalies like telengiectasia, varicosities, aneurysm or angiomatous tumour. Blood dyscrasias like anaemias, leukaemias and dysproteinaemias. Bleeding disorders like purpura, haemophilia and scurvy. Acute febrile systemic infections such as malaria, typhoid, diphtheria, meningococcal septicaemia, measles and scarlet fever. Vicarious bleeding associated with menstruation is an extremely rare cause of subconjunctival haemorrhage.
 
 Clinical features. Subconjunctival haemorrhage per se is symptomless. However, there may be symptoms of associated causative disease. On examination subconjunctival haemorrhage looks as a flat sheet of homogeneous bright red colour with well defined limits (Fig. 4.30). In traumatic subconjunctival haemorrhage, posterior limit is visible when it is due
 
 Fig. 4.30. Subconjunctival haemorrhage.
 
 to local trauma to eyeball, and not visible when it is due to head injury or injury to the orbit. Most of the time it is absorbed completely within 7 to 21 days. During absorption colour changes are noted from bright red to orange and then yellow. In severe cases, some pigmentation may be left behind after absorption. Treatment. (i) Treat the cause when discovered. (ii) Placebo therapy with astringent eye drops. (iii) Psychotherapy and assurance to the patient is most important part of treatment. (iv) Cold compresses to check the bleeding in the initial stage and hot compresses may help in absorption of blood in late stages. Xerosis of conjunctiva
 
 Xerosis of the conjunctiva is a symptomatic condition in which conjunctiva becomes dry and lustreless. Normal conjunctiva is kept moist by its own secretions, mucin from goblet cells and aqueous solution from accessory lacrimal glands. Therefore, even if the main lacrimal gland is removed, xerosis does not occur. Depending upon the etiology, conjunctival xerosis can be divided into two groups, parenchymatous and epithelial xerosis. 1. Parenchymatous xerosis. It occurs following cicatricial disorganization of the conjunctiva due to local causes which can be in the form of (i) widespread destructive interstitial conjunctivitis as seen in trachoma, diptheric membranous conjunctivitis, Steven-Johnsons syndrome, pemphigus or pemphigoid conjunctivitis, thermal, chemical or radiational burns of conjunctiva, (ii) exposure of conjunctiva to air as seen in marked degree of proptosis, facial palsy, ectropion, lack of blinking (as in coma), and lagophthalmos due to symblepharon. 2. Epithelial xerosis. It occurs due to hypovitaminosis -A. Epithelial xerosis may be seen in association with night blindness or as a part and parcel of the xerophthalmia (the term which is applied to all ocular manifestations of vitamin A deficiency which range from night blindness to keratomalacia (see pages 433-436). Epithelial xerosis typically occurs in children and is characterized by varying degree of conjunctival thickening, wrinkling and pigmentatiion. Treatment. Treatment of conjunctival xerosis consists of (i) treatment of the cause, and (ii)
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 symptomatic local treatment with artificial tear preparations (0.7% methyl cellulose or 0.3% hypromellose or polyvinyl alcohol), which should be instilled frequently. Discoloration of conjunctiva
 
 Normal conjunctiva is a thin transparent structure. In the bulbar region, underlying sclera and a fine network of episcleral and conjunctival vessels can be easily visualized. In the palpebral region and fornices, it looks pinkish because of underlying fibrovascular tissue. Causes. Conjunctiva may show discoloration in various local and systemic diseases given below: 1. Red discoloration. A bright red homogeneous discoloration suggests subconjunctival haemorrhage (Fig. 4.30). 2. Yellow discoloration. It may occur due to: (i) bile pigments in jaundice, (ii) blood pigments in malaria and yellow fever, (iii) conjunctival fat in elderly and Negro patients. 3. Greyish discoloration. It may occur due to application of Kajal (surma or soot) and mascara in females. 4. Brownish grey discoloration. It is typically seen in argyrosis, following prolonged application of silver nitrate for treatment of chronic conjunctival inflammations. The discoloration is most marked in lower fornix. 5. Blue discoloration. It is usually due to ink tattoo from pens or effects of manganese dust. Blue discoloration may also be due to pseudopigmentation as occurs in patients with blue sclera and scleromalacia perforans. 6. Brown pigmentation. Its common causes can be grouped as under: (a) Non-melanocytic pigmentation i. Endogenous pigmentation. It is seen in patients with Addison's disease and ochronosis. ii. Exogenous pigmentation. It may follow longterm use of adrenaline for glaucoma. Argyrosis may also present as dark brown pigmentation. (b) Melanocytic pigmentation i. Conjunctival epithelial melanosis. It develops in early childhood, and then remains stationary. It is found in 90 percent of the
 
 blacks. The pigmented spot freely moves with the movement of conjunctiva. It has got no malignant potential and hence no treatment is required. ii. Subepithelial melanosis. It may occur as an isolated anomaly of conjunctiva (congenital melanosis oculi Fig. 4.31) or in association with the ipsilateral hyperpigmentation of the face (oculodermal melanosis or Naevus of Ota). iii. Pigmented tumours. These can be benign naevi, precancerous melanosis or malignant melanoma.
 
 Fig. 4.31. Conjunctival melanosis.
 
 CYSTS AND TUMOURS CYSTS OF CONJUNCTIVA
 
 The common cystic lesions of the conjunctiva are: 1. Congenital cystic lesions. These are of rare occurrence and include congenital corneoscleral cyst and cystic form of epibulbar dermoid. 2. Lymphatic cysts of conjunctiva. These are common and usually occur due to dilatation of lymph spaces in the bulbar conjunctiva. Lymphangiectasis is characterized by a row of small cysts. Rarely, lymphangioma may occur as a single multilocular cyst. 3. Retention cysts. These occur occasionally due to blockage of ducts of accessory lacrimal glands of Krause in chronic inflammatory conditions, viz., trachoma and pemphigus. Retention cysts are more common in upper fornix. 4. Epithelial implantation cyst (traumatic cyst). It may develop following implantation of
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 5.
 
 6.
 
 7.
 
 8.
 
 conjunctival epithelium in the deeper layers, due to surgical or non-surgical injuries of conjunctiva. Epithelial cysts due to downgrowth of epithelium are rarely seen in chronic inflammatory or degenerative conditions, e.g. cystic change in pterygium. Aqueous cyst. It may be due to healing by cystoid cicatrix formation, following surgical or nonsurgical perforating limbal wounds. Pigmented epithelial cyst. It may be formed sometimes following prolonged topical use of cocaine or epinephrine. Parasitic cysts such as subconjunctival cysticercus (Fig. 4.32), hydatid cyst and filarial cyst are not infrequent in developing countries.
 
 Fig. 4.32. Cysticercosis of conjunctiva.
 
 Treatment
 
 Conjunctival cysts need a careful surgical excision. The excised cyst should always be subjected to histopathological examination. TUMOURS OF THE CONJUNCTIVA Classification
 
 Non-pigmented tumours I. Congenital: dermoid and lipodermoid (choristomas). II. Benign: simple granuloma, papilloma, adenoma, fibroma and angiomas. III. Premalignant: intraepithelial epithelioma (Bowen's disease). IV. Malignant: epithelioma or squamous cell carcinoma, basal cell carcinoma. Pigmented tumours I. Benign: naevi or congenital moles. II. Precancerous melanosis: superficial spreading
 
 melanoma and lentigo maligna (Hutchinson's freckle). III. Malignant: primary melanoma (malignant melanoma). A. Non-pigmented Tumours I. Congenital tumours
 
 1. Dermoids. These are common congenital tumours which usually occur at the limbus. They appear as solid white masses, firmly fixed to the cornea (Fig. 4.33). Dermoid consists of collagenous connective tissue, sebaceous glands and hair, lined by epidermoid epithelium. Treatment is simple excision.
 
 Fig. 4.33. Limbal dermoid.
 
 2. Lipodermoid (Fig. 4.34). It is a congenital tumour, usually found at the limbus or outer canthus. It appears as soft, yellowish white, movable subconjunctival mass. It consists of fatty tissue and the surrounding dermis-like connective tissue, hence the name lipodermoid. Sometimes the epibulbar dermoids or lipodermoids may be associated with accessory auricles and other congenital defects (Goldenhar's syndrome). II. Benign tumours
 
 1. Simple granuloma. It consists of an extensive polypoid, cauliflower-like growth of granulation tissue. Simple granulomas are common following squint surgery, as foreign body granuloma and following inadequately scraped chalazion. Treatment consists of complete surgical removal. 2. Papilloma. It is a benign polypoid tumour usually occurring at inner canthus, fornices or limbus. It may
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 Fig. 4.34. Lipodermoid.
 
 resemble the cocks comb type of conjunctival tubercular lesion. It has a tendency to undergo malignant change and hence needs complete excision. 3. Fibroma. It is a rare soft or hard polypoid growth usually occurring in lower fornix. III. Pre-malignant tumours
 
 Bowen's intraepithelial epithelioma (carcinoma insitu). It is a rare, precancerous condition, usually occurring at the limbus as a flat, reddish grey, vascularised plaque. Histologically, it is confined within the epithelium. It should be treated by complete local excision. IV. Malignant tumours
 
 1. Squamous cell carcinoma (epithelioma) (Fig. 4.35). It usually occurs at the transitional zones i.e. at limbus and the lid margin. The tumour invades the stroma deeply and may be fixed to underlying tissues. Histologically, it is similar to squamous cell carcinomas occurring elsewhere (see page 361). Treatment. Early cases may be treated by complete local excision combined with extensive diathermy cautery of the area. However, in advanced and recurrent cases radical excision including enucleation or even exenteration may be needed along with postoperative radiotherapy. 2. Basal cell carcinoma. It may invade the conjunctiva from the lids or may arise pari-passu from the plica semilunaris or caruncle. Though it responds very favourably to radiotherapy, the complete surgical excision, if possible, should be preferred to avoid complications of radio- therapy.
 
 Fig. 4.35. Squamous cell carcinoma at the limbus.
 
 B. Pigmented tumours
 
 1. Naevi or congenital moles. These are common pigmented lesions, usually presenting as grey gelatinous, brown or black, flat or slightly raised nodules on the bulbar conjunctiva, mostly near the limbus (Fig.4.36). They usually appear during early childhood and may increase in size at puberty or during pregnancy. Histologically, they resemble their cutaneous brethren. Malignant change is very rare and when occurs is indicated by sudden increase in size or increase in pigmentation or appearance of signs of inflammation. Therefore, excision is usually indicated for cosmetic reasons and rarely for medical reasons. Whatever may be the indication, excision should be complete. 2. Precancerous melanosis. Precancerous melanosis (intraepithelial melanoma) of conjunctiva occurs in adults as 'superficial spreading melanoma'. It never arises from a congenital naevus.
 
 Fig. 4.36. conjunctival naevus.
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 Clinically a small pigmented tumour develops at any site on the bulbar or palpebral conjunctiva, which spreads as a diffuse, flat, asymptomatic pigmented patch. As long as it maintains its superficial spread, it does not metastasize. However, ultimately in about 20 percent cases it involves the subepithelial tissues and proceeds to frank malignant change. Treatment. In early stages local excision with postoperative radiotherapy may be sufficient. But in case of recurrence, it should be treated as malignant melanoma. 3. Malignant melanoma (primary melanoma). Malignant melanoma of the conjunctiva mostly arises de-novo, usually near the limbus, or rarely it may
 
 occur due to malignant change in pre-existing naevus. The condition usually occurs in elderly patients. Clinically it may present as pigmented or nonpigmented mass near limbus or on any other part of the conjunctiva. It spreads over the surface of the globe and rarely penetrates it. Distant metastasis occurs elsewhere in the body, commonly in liver. Histologically, the neoplasm may be alveolar, roundcelled or spindle-celled. Treatment. Once suspected, enucleation or exenteration is the treatment of choice, depending upon the extent of growth.
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 ANATOMY AND PHYSIOLOGY APPLIED ANATOMY
 
 The cornea is a transparent, avascular, watch-glass like structure. It forms anterior one-sixth of the outer fibrous coat of the eyeball. Dimensions 
 
 
 
 
 
 
 
 The anterior surface of cornea is elliptical with an average horizontal diameter of 11.7 mm and vertical diameter of 11 mm. The posterior surface of cornea is circular with an average diameter of 11.5 mm. Thickness of cornea in the centre is about 0.52 mm while at the periphery it is 0.7 mm. Radius of curvature. The central 5 mm area of the cornea forms the powerful refracting surface of the eye. The anterior and posterior radii of curvature of this central part of cornea are 7.8 mm and 6.5 mm, respectively.
 
 ABNORMALITIES OF CORNEAL TRANSPARENCY  Corneal oedema  Corneal opacity  Corneal vascularisation KERATOPLASTY
 
 
 
 Refractive power of the cornea is about 45 dioptres, which is roughly three-fourth of the total refractive power of the eye (60 dioptres).
 
 Histology
 
 Histologically, the cornea consists of five distinct layers. From anterior to posterior these are: epithelium, Bowman’s membrane, substantia propria (corneal stroma), Descemet’s membrane and endothelium (Fig. 5.1). 1. Epithelium. It is of stratified squamous type and becomes continuous with the epithelium of bulbar conjunctiva at the limbus. It consists of 5-6 layers of cells. The deepest (basal) layer is made up of columnar cells, next 2-3 layers of wing or umbrella cells and the most superficial two layers are of flattened cells. 2. Bowman's membrane. This layer consists of acellular mass of condensed collagen fibrils. It is about 12µm in thickness and binds the corneal stroma anteriorly with basement membrane of the epithelium. It is not a true elastic membrane but simply a condensed superficial part of the stroma. It shows
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 biomicroscopy appear as a mosaic. The cell density of endothelium is around 3000 cells/mm2 in young adults, which decreases with the advancing age. There is a considerable functional reserve for the endothelium. Therefore, corneal decompensation occurs only after more than 75 percent of the cells are lost. The endothelial cells contain 'active-pump' mechanism. Blood supply
 
 Cornea is an avascular structure. Small loops derived from the anterior ciliary vessels invade its periphery for about 1 mm. Actually these loops are not in the cornea but in the subconjunctival tissue which overlaps the cornea. Nerve supply Fig. 5.1. Microscopic structure of the cornea.
 
 considerable resistance to infection. But once destroyed, it does not regenerate. 3. Stroma (substantia propria). This layer is about 0.5 mm in thickness and constitutes most of the cornea (90% of total thickness). It consists of collagen fibrils (lamellae) embedded in hydrated matrix of proteoglycans. The lamellae are arranged in many layers. In each layer they are not only parallel to each other but also to the corneal plane and become continuous with scleral lamellae at the limbus. The alternating layers of lamellae are at right angle to each other. Among the lamellae are present keratocytes, wandering macrophages, histiocytes and a few leucocytes. 4. Descemet's membrane (posterior elastic lamina). The Descemet's membrane is a strong homogenous layer which bounds the stroma posteriorly. It is very resistant to chemical agents, trauma and pathological processes. Therefore, 'Descemetocele' can maintain the integrity of eyeball for long. Descemet's membrane consists of collagen and glycoproteins. Unlike Bowman's membrane it can regenerate. Normally it remains in a state of tension and when torn it curls inwards on itself. In the periphery it appears to end at the anterior limit of trabecular meshwork as Schwalbe's line (ring). 5. Endothelium. It consists of a single layer of flat polygonal (mainly hexagonal) cells which on slit lamp
 
 Cornea is supplied by anterior ciliary nerves which are branches of ophthalmic division of the 5th cranial nerve. After going about 2 mm in cornea the nerves lose their myelin sheath and divide dichotomously and form three plexuses — the stromal, subepithelial and intraepithelial. APPLIED PHYSIOLOGY
 
 The two primary physiological functions of the cornea are (i) to act as a major refracting medium; and (ii) to protect the intraocular contents. Cornea fulfills these duties by maintaining its transparency and replacement of its tissues. Corneal transparency
 
 The transparency is the result of :  Peculiar arrangement of corneal lamellae (lattice theory of Maurice),  Avascularity, and  Relative state of dehydration, which is maintained by barrier effects of epithelium and endothelium and the active bicarbonate pump of the endothelium. For these processes, cornea needs some energy. Source of nutrients
 
 1. Solutes (glucose and others) enter the cornea by either simple diffusion or active transport through aqueous humour and by diffusion from the perilimbal capillaries. 2. Oxygen is derived directly from air through the tear film. This is an active process undertaken by the epithelium.
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 Metabolism of cornea
 
 The most actively metabolising layers of the cornea are epithelium and endothelium, the former being 10 times thicker than the latter requires a proportionately larger supply of metabolic substrates. Like other tissues, the epithelium can metabolize glucose both aerobically and anaerobically into carbon dioxide and water and lactic acid, respectively. Thus, under anaerobic conditions lactic acid accumulates in the cornea.
 
 common conditions to be included in differential diagnosis of neonatal cloudy cornea. The conditions are as follows:  Sclerocornea  Tears in Descemet's membrane  Ulcer  Metabolic conditions  Posterior corneal defect  Endothelial dystrophy  Dermoid
 
 CONGENITAL ANOMALIES
 
 INFLAMMATIONS OF THE CORNEA
 
 Megalocornea
 
 Horizontal diameter of cornea at birth is about 10 mm and the adult size of about 11.7 mm is attained by the age of 2 years. Megalocornea is labelled when the horizontal diameter of cornea is of adult size at birth or 13 mm or greater after the age of 2 years. The cornea is usually clear with normal thickness and vision. The condition is not progressive. Systemic association include Marfan's, Apert, Ehlers Danlos and Down syndromes. Differential diagnosis 1. Buphthalmos. In this condition IOP is raised and the eyeball is enlarged as a whole. The enlarged cornea is usually associated with central or peripheral clouding and Descemet's tears (Haab's striae). 2. Keratoglobus. In this condition, there is thinning and excessive protrusion of cornea, which seems enlarged; but its diameter is usually normal. Microcornea
 
 In microcornea, the horizontal diameter is less than 10 mm since birth. The condition may occur as an isolated anomaly (rarely) or in association with nanophthalmos (normal small eyeball) or microphthalmos (abnormal small eyeball). Cornea plana
 
 This is a rare anomaly in which bilaterally cornea is comparatively flat since birth. It may be associated with microcornea. Cornea plana usually results in marked astigmatic refractive error. Congenital cloudy cornea
 
 The acronym 'STUMPED' helps to remember the
 
 Inflammation of the cornea (keratitis) is characterised by corneal oedema, cellular infiltration and ciliary congestion. Classification
 
 It is difficult to classify and assign a group to each and every case of keratitis; as overlapping or concurrent findings tend to obscure the picture. However, the following simplified topographical and etiological classifications provide a workable knowledge. Topographical (morphological) classification
 
 (A) Ulcerative keratitis (corneal ulcer) Corneal ulcer can be further classified variously. 1. Depending on location (a) Central corneal ulcer (b) Peripheral corneal ulcer 2. Depending on purulence (a) Purulent corneal ulcer or suppurative corneal ulcer (most bacterial and fungal corneal ulcers are suppurative). (b) Non-purulent corneal ulcers (most of viral, chlamydial and allergic corneal ulcers are non-suppurative). 3. Depending upon association of hypopyon (a) Simple corneal ulcer (without hypopyon) (b) Hypopyon corneal ulcer 4. Depending upon depth of ulcer (a) Superficial corneal ulcer (b) Deep corneal ulcer (c) Corneal ulcer with impending perforation (d) Perforated corneal ulcer 5. Depending upon slough formation
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 (a) Non-sloughing corneal ulcer (b) Sloughing corneal ulcer (B) Non-ulcerative keratitis 1. Superficial keratitis (a) Diffuse superficial keratitis (b) Superficial punctate keratitis (SPK) 2. Deep keratitis (a) Non-suppurative (i) Interstitial keratitis (ii) Disciform keratitis (iii) Keratitis profunda (iv) Sclerosing keratitis (b) Suppurative deep keratitis (i) Central corneal abscess (ii) Posterior corneal abscess Etiological classification
 
 1. Infective keratitis (a) Bacterial (b) Viral (c) Fungal (d) Chlamydial (e) Protozoal (f) Spirochaetal 2. Allergic keratitis (a) Phlyctenular keratitis (b) Vernal keratitis (c) Atopic keratitis 3. Trophic keratitis (a) Exposure keratitis (b) Neuroparalytic keratitis (c) Keratomalacia (d) Atheromatous ulcer 4. Keratitis associated with diseases of skin and mucous membrane. 5. Keratitis associated with systemic collagen vascular disorders. 6. Traumatic keratitis, which may be due to mechanical trauma, chemical trauma, thermal burns, radiations 7. Idiopathic keratitis e.g., (a) Mooren's corneal ulcer (b) Superior limbic keratoconjunctivitis (c) Superficial punctate keratitis of Thygeson ULCERATIVE KERATITIS
 
 Corneal ulcer may be defined as discontinuation in normal epithelial surface of cornea associated with
 
 necrosis of the surrounding corneal tissue. Pathologically it is characterised by oedema and cellular infiltration. Common types of corneal ulcers are described below. INFECTIVE KERATITIS BACTERIAL CORNEAL ULCER
 
 Being the most anterior part of eyeball, the cornea is exposed to atmosphere and hence prone to get infected easily. At the same time cornea is protected from the day-to-day minor infections by the normal defence mechanisms present in tears in the form of lysozyme, betalysin, and other protective proteins. Therefore, infective corneal ulcer may develop when:  either the local ocular defence mechanism is jeopardised, or  there is some local ocular predisposing disease, or host's immunity is compromised, or  the causative organism is very virulent. Etiology
 
 There are two main factors in the production of purulent corneal ulcer:  Damage to corneal epithelium; and  Infection of the eroded area. However, following three pathogens can invade the intact corneal epithelium and produce ulceration: Neisseria gonorrhoeae, Corynebacterium diphtheriae and Neisseria meningitidis. 1. Corneal epithelial damage. It is a prerequisite for most of the infecting organisms to produce corneal ulceration. It may occur in following conditions: i. Corneal abrasion due to small foreign body, misdirected cilia, concretions and trivial trauma in contact lens wearers or otherwise. ii. Epithelial drying as in xerosis and exposure keratitis. iii. Necrosis of epithelium as in keratomalacia. iv. Desquamation of epithelial cells as a result of corneal oedema as in bullous keratopathy. v. Epithelial damage due to trophic changes as in neuroparalytic keratitis. 2. Source of infection include: i. Exogenous infection. Most of the times corneal infection arises from exogenous source like conjunctival sac, lacrimal sac (dacryocystitis), infected foreign bodies, infected vegetative material and water-borne or air-borne infections. ii. From the ocular tissue. Owing to direct
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 anatomical continuity, diseases of the conjunctiva readily spread to corneal epithelium, those of sclera to stroma, and of the uveal tract to the endothelium of cornea. iii. Endogenous infection. Owing to avascular nature of the cornea, endogenous infections are of rare occurrence. 3. Causative organisms. Common bacteria associated with corneal ulceration are: Staphylococcus aureus, Pseudomonas pyocyanea, Streptococcus pneumoniae, E. coli, Proteus, Klebsiella, N. gonorrhoea, N. meningitidis and C. diphtheriae. Pathogenesis and pathology of corneal ulcer
 
 swelling of the lamellae by the imbibition of fluid and the packing of masses of leucocytes between them. This zone of infiltration may extend to a considerable distance both around and beneath the ulcer. At this stage, sides and floor of the ulcer may show grey infiltration and sloughing. During this stage of active ulceration, there occurs hyperaemia of circumcorneal network of vessels which results into accumulation of purulent exudates on the cornea. There also occurs vascular congestion of the iris and ciliary body and some degree of iritis due to absorption of toxins from the ulcer. Exudation into the anterior chamber from the vessels of iris and ciliary body may lead to formation of hypopyon.
 
 Once the damaged corneal epithelium is invaded by the offending agents the sequence of pathological changes which occur during development of corneal ulcer can be described under four stages, viz., infiltration, active ulceration, regression and cicatrization. The terminal course of corneal ulcer depends upon the virulence of infecting agent, host defence mechanism and the treatment received. Depending upon the prevalent circumstances the course of corneal ulcer may take one of the three forms: (A) Ulcer may become localised and heal; (B) Penetrate deep leading to corneal perforation; or (C) Spread fast in the whole cornea as sloughing corneal ulcer. The salient pathological features of these are as under: [A] Pathology of localised corneal ulcer
 
 1. Stage of progressive infiltration (Fig. 5.2A). It is characterised by the infiltration of polymorphonuclear and/or lymphocytes into the epithelium from the peripheral circulation supplemented by similar cells from the underlying stroma if this tissue is also affected. Subsequently necrosis of the involved tissue may occur, depending upon the virulence of offending agent and the strength of host defence mechanism. 2. Stage of active ulceration (Fig. 5.2B). Active ulceration results from necrosis and sloughing of the epithelium, Bowman's membrane and the involved stroma. The walls of the active ulcer project owing to
 
 Fig. 5.2. Pathology of corneal ulcer : A, stage of progressive infiltration; B, stage of active ulceration; C, stage of regression; D, stage of cicatrization.
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 Ulceration may further progress by lateral extension resulting in diffuse superficial ulceration or it may progress by deeper penetration of the infection leading to Descemetocele formation and possible corneal perforation. When the offending organism is highly virulent and/or host defence mechanism is jeopardised there occurs deeper penetration during stage of active ulceration. 3. Stage of regression (Fig. 5.2C). Regression is induced by the natural host defence mechanisms (humoral antibody production and cellular immune defences) and the treatment which augments the normal host response. A line of demarcation develops around the ulcer, which consists of leucocytes that neutralize and eventually phagocytose the offending organisms and necrotic cellular debris. The digestion of necrotic material may result in initial enlargement of the ulcer. This process may be accompanied by superficial vascularization that increases the humoral and cellular immune response. The ulcer now begins to heal and epithelium starts growing over the edges. 4. Stage of cicatrization (Fig. 5.2D). In this stage healing continues by progressive epithelization which forms a permanent covering. Beneath the epithelium, fibrous tissue is laid down partly by the corneal fibroblasts and partly by the endothelial cells of the new vessels. The stroma thus thickens and fills in under the epithelium, pushing the epithelial surface anteriorly. The degree of scarring from healing varies. If the ulcer is very superficial and involves the epithelium only, it heals without leaving any opacity behind. When ulcer involves Bowman's membrane and few superficial stromal lamellae, the resultant scar is called a 'nebula'. Macula and leucoma result after healing of ulcers involving up to one-third and more than that of corneal stroma, respectively. [B] Pathology of perforated corneal ulcer
 
 Perforation of corneal ulcer occurs when the ulcerative process deepens and reaches up to Descemet's membrane. This membrane is tough and bulges out as Descemetocele (Fig. 5.3). At this stage, any exertion on the part of patient, such as coughing, sneezing, straining for stool etc. will perforate the corneal ulcer. Immediately after perforation, the aqueous escapes, intraocular pressure falls and the
 
 A
 
 B
 
 Fig. 5.3. Descemetocele : A, Diagrammatic depiction; B.Clinical photographs.
 
 iris-lens diaphragm moves forward. The effects of perforation depend upon the position and size of perforation. When the perforation is small and opposite to iris tissue, it is usually plugged and healing by cicatrization proceeds rapidly (Fig. 5.4). Adherent leucoma is the commonest end result after such a catastrophe. [C] Pathology of sloughing corneal ulcer and formation of anterior staphyloma
 
 When the infecting agent is highly virulent and/or body resistance is very low, the whole cornea sloughs with the exception of a narrow rim at the margin and total prolapse of iris occurs. The iris becomes inflamed
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 A
 
 Clinical picture
 
 In bacterial infections the outcome depends upon the virulence of organism, its toxins and enzymes, and the response of host tissue. Broadly bacterial corneal ulcers may manifest as: i. Purulent corneal ulcer without hypopyon; or ii. Hypopyon corneal ulcer. In general, following symptoms and signs may be present : Symptoms
 
 B
 
 1. Pain and foreign body sensation occurs due to mechanical effects of lids and chemical effects of toxins on the exposed nerve endings. 2. Watering from the eye occurs due to reflex hyperlacrimation. 3. Photophobia, i.e., intolerance to light results from stimulation of nerve endings. 4. Blurred vision results from corneal haze. 5. Redness of eyes occurs due to congestion of circumcorneal vessels. Signs
 
 Fig. 5.4. Perforated corneal ulcer with prolapse of iris: A, diagrammatic depiction; B, clinical photograph.
 
 and exudates block the pupil and cover the iris surface; thus a false cornea is formed. Ultimately these exudates organize and form a thin fibrous layer over which the conjunctival or corneal epithelium rapidly grows and thus a pseudocornea is formed. Since the pseudocornea is thin and cannot withstand the intraocular pressure, so it usually bulges forward along with the plastered iris tissue. This ectatic cicatrix is called anterior staphyloma which, depending upon its extent, may be either partial or total. The bands of scar tissue on the staphyloma vary in breadth and thickness, producing a lobulated surface often blackened with iris tissue which resembles a bunch of black grapes (hence the name staphyloma).
 
 1. Lids are swollen. 2. Marked blepharospasm may be there. 3. Conjunctiva is chemosed and shows conjunctival hyperaemia and ciliary congestion. 4. Corneal ulcer usually starts as an epithelial defect associated with greyish-white circumscribed infiltrate (seen in early stage). Soon the epithelial defect and infiltrate enlarges and stromal oedema develops. A well established bacterial ulcer is characterized by (Fig. 5.5):  Yellowish-white area of ulcer which may be oval or irregular in shape.
 
 Fig. 5.5. Bacterial corneal ulcer without hypopyon.
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 Margins of the ulcer are swollen and over hanging.  Floor of the ulcer is covered by necrotic material.  Stromal oedema is present surrounding the ulcer area. Characteristic features produced by some of the causative bacteria are as follows:  Staphylococal aureus and streptococcus pneumoniae usually produce an oval, yellowish white densely opaque ulcer which is surrounded by relatively clear cornea.  Pseudomonas species usually produce an irregular sharp ulcer with thick greenish mucopurulent exudate, diffuse liquefactive necrosis and semiopaque (ground glass) surrounding cornea. Such ulcers spread very rapidly and may even perforate within 48 to 72 hours.  Enterobacteriae (E. coli, Proteus sp., and Klebsiella sp.) usually produce a shallow ulcer with greyish white pleomorphic suppuration and diffuse stromal opalescence. The endotoxins produced by these Gram –ve bacilli may produce ring-shaped corneal infilterate. 5. Anterior chamber may or may not show pus (hypopyon). In bacterial corneal ulcers the hypopyon remains sterile so long as the Descemet's membrane is intact. 6. Iris may be slightly muddy in colour. 7. Pupil may be small due to associated toxin– induced iritis. 8. Intraocular pressure may some times be raised (inflammatory glaucoma). 
 
 Hypopyon corneal ulcer
 
 Etiopathogenesis Causative organisms. Many pyogenic organisms (staphylococci, streptococci, gonococci, Moraxella) may produce hypopyon, but by far the most dangerous are pseudomonas pyocyanea and pneumococcus. Thus, any corneal ulcer may be associated with hypopyon, however, it is customary to reserve the term 'hypopyon corneal ulcer' for the characteristic ulcer caused by pneumococcus and the term 'corneal ulcer with hypopyon' for the ulcers associated with hypopyon due to other causes. The characteristic
 
 hypopyon corneal ulcer caused by pneumococcus is called ulcus serpens. Source of infection for pneumococcal infection is usually the chronic dacryocystitis. Factors predisposing to development of hypopyon. Two main factors which predispose to development of hypopyon in a paitent with corneal ulcer are, the virulence of the infecting organism and the resistance of the tissues. Hence, hypopyon ulcers are much more common in old debilitated or alcoholic subjects. Mechanism of development of hypopyon. Corneal ulcer is often associated with some iritis owing to diffusion of bacterial toxins. When the iritis is severe the outpouring of leucocytes from the vessels is so great that these cells gravitate to the bottom of the anterior chamber to form a hypopyon. Thus, it is important to note that the hypopyon is sterile since the outpouring of polymorphonuclear cells is due to the toxins and not due to actual invasion by bacteria. Once the ulcerative process is controlled, the hypopyon is absorbed. Clinical features Symptoms are the same as described above for bacterial corneal ulcer. However, it is important to note that during initial stage of ulcus serpens there is remarkably little pain. As a result the treatment is often undully delayed. Signs. In general the signs are same as described above for the bacterial ulcer. Typical features of ulcus serpens are :  Ulcus serpens is a greyish white or yellowish disc shaped ulcer occuring near the centre of cornea (Fig. 5.6).  The ulcer has a tendency to creep over the cornea in a serpiginous fashion. One edge of the ulcer, along which the ulcer spreads, shows more infiltration. The other side of the ulcer may be undergoing simultaneous cicatrization and the edges may be covered with fresh epithelium.  Violent iridocyclitis is commonly associated with a definite hypopyon.  Hypopyon increases in size very rapidly and often results in secondary glaucoma.  Ulcer spreads rapidly and has a great tendency for early perforation.
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 A
 
 B
 
 Fig. 5.6. Hypopyon corneal ulcer : A, Diagrammatic depiction; B, Clinical photograph.
 
 Management Management of hypopyon corneal ulcer is same as for other bacterial corneal ulcer. Special points which need to be considered are :  Secondary glaucoma should be anticipated and treated with 0.5% timolol maleate, B.I.D. eye drops and oral acetazolamide.  Source of infection, i.e., chronic dacryocystitis if detected, should be treated by dacryocystectomy. Complications of corneal ulcer
 
 1. Toxic iridocyclitis. It is usually associated with cases of purulent corneal ulcer due to absorption of toxins in the anterior chamber. 2. Secondary glaucoma. It occurs due to fibrinous exudates blocking the angle of anterior chamber (inflammatory glaucoma).
 
 3. Descemetocele. Some ulcers caused by virulent organisms extend rapidly up to Descemet's membrane, which gives a great resistance, but due to the effect of intraocular pressure it herniates as a transparent vesicle called the descemetocele or keratocele (Fig.5.3). This is a sign of impending perforation and is usually associated with severe pain. 4. Perforation of corneal ulcer. Sudden strain due to cough, sneeze or spasm of orbicularis muscle may convert impending perforation into actual perforation (Fig. 5.4). Following perforation, immediately pain is decreased and the patient feels some hot fluid (aqueous) coming out of eyes. Sequelae of corneal perforation include : i. Prolapse of iris. It occurs immediately following perforation in a bid to plug it. ii. Subluxation or anterior dislocation of lens may occur due to sudden stretching and rupture of zonules. iii. Anterior capsular cataract. It is formed when the lens comes in contact with the ulcer following a perforation in the pupillary area. iv. Corneal fistula. It is formed when the perforation in the pupillary area is not plugged by iris and is lined by epithelium which gives way repeatedly. There occurs continuous leak of aqueous through the fistula. v. Purulent uveitis, endophthalmitis or even panophthalmitis may develop due to spread of intraocular infection. vi. Intraocular haemorrhage in the form of either vitreous haemorrhage or expulsive choroidal haemorrhage may occur in some patients due to sudden lowering of intraocular pressure. 5. Corneal scarring. It is the usual end result of healed corneal ulcer. Corneal scarring leads to permanent visual impairment ranging from slight blurring to total blindness. Depending upon the clinical course of ulcer, corneal scar noted may be nebula, macula, leucoma, ectatic cicatrix or kerectasia, adherent leucoma or anterior staphyloma (for details see pages 122). Management of a case of corneal ulcer [A] Clinical evaluation
 
 Each case with corneal ulcer should be subjected to: 1. Thorough history taking to elicit mode of onset, duration of disease and severity of symptoms.
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 2. General physical examination, especially for built, nourishment, anaemia and any immunocompromising disease. 3. Ocular examination should include: i. Diffuse light examination for gross lesions of the lids, conjunctiva and cornea including testing for sensations. ii. Regurgitation test and syringing to rule out lacrimal sac infection. iii. Biomicroscopic examination after staining of corneal ulcer with 2 per cent freshlyprepared aqueous solution of fluorescein dye or sterilised fluorescein impregnated filter paper strip to note site, size, shape, depth, margin, floor and vascularization of corneal ulcer. On biomicroscopy also note presence of keratic precipitates at the back of cornea, depth and contents of anterior chamber, colour and pattern of iris and condition of crystalline lens. [B] Laboratory investigations
 
 (a) Routine laboratory investigations such as haemoglobin, TLC, DLC, ESR, blood sugar, complete urine and stool examination should be carried out in each case. (b) Microbiological investigations. These studies are essential to identify causative organism, confirm the diagnosis and guide the treatment to be instituted. Material for such investigations is obtained by scraping the base and margins of the corneal ulcer (under local anaesthesia, using 2 percent xylocaine) with the help of a modified Kimura spatula or by simply using the bent tip of a 20 gauge hypodermic needle. The material obtained is used for the following investigations: i. Gram and Giemsa stained smears for possible identification of infecting organisms. ii. 10 per cent KOH wet preparation for identification of fungal hyphae. iii. Calcofluor white (CFW) stain preparation is viewed under fluorescence microscope for fungal filaments, the walls of which appear bright apple green. iv. Culture on blood agar medium for aerobic organisms. v. Culture on Sabouraud's dextrose agar medium for fungi.
 
 [C] Treatment
 
 I. Treatment of uncomplicated corneal ulcer Bacterial corneal ulcer is a vision threatening condition and demands urgent treatment by identification and eradication of causative bacteria. Treatment of corneal ulcer can be discussed under three headings: 1. Specific treatment for the cause. 2. Non-specific supportive therapy. 3. Physical and general measures. 1. The specific treatment
 
 (a) Topical antibiotics. Initial therapy (before results of culture and sensitivity are available) should be with combination therapy to cover both gram-negative and gram-positive organisms. It is preferable to start fortified gentamycin (14 mg/ml) or fortified tobramycin (14mg/ml) eyedrops along with fortified cephazoline (50mg/ ml), every ½ to one hour for first few days and then reduced to 2 hourly. Once the favourable response is obtained, the fortified drops can be substituted by more diluted commercially available eye-drops, e.g. :  Ciprofloxacin (0.3%) eye drops, or  Ofloxacin (0.3%) eye drops, or  Gatifloxacin (0.3%) eye drops. (b) Systemic antibiotics are usually not required. However, a cephalosporine and an aminoglycoside or oral ciprofloxacin (750 mg twice daily) may be given in fulminating cases with perforation and when sclera is also involved. 2. Non-specific treatment
 
 (a) Cycloplegic drugs. Preferably 1 percent atropine eye ointment or drops should be used to reduce pain from ciliary spasm and to prevent the formation of posterior synechiae from secondary iridocyclitis. Atropine also increases the blood supply to anterior uvea by relieving pressure on the anterior ciliary arteries and so brings more antibodies in the aqueous humour. It also reduces exudation by decreasing hyperaemia and vascular permeability. Other cycloplegic which can be used is 2 per cent homatropine eye drops.
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 (b) Systemic analgesics and anti-inflammatory drugs such as paracetamol and ibuprofen relieve the pain and decrease oedema. (c) Vitamins (A, B-complex and C) help in early healing of ulcer. 3. Physical and general measures
 
 (a) Hot fomentation. Local application of heat (preferably dry) gives comfort, reduces pain and causes vasodilatation. (b) Dark goggles may be used to prevent photophobia. (c) Rest, good diet and fresh air may have a soothing effect. II. Treatment of non-healing corneal ulcer If the ulcer progresses despite the above therapy the following additional measures should be taken: 1. Removal of any known cause of non-healing ulcer. A thorough search for any already missed cause not allowing healing should be made and when found, such factors should be eliminated. Common causes of non-healing ulcers are as under: i. Local causes. Associated raised intraocular pressure, concretions, misdirected cilia, impacted foreign body, dacryocystitis, inadequate therapy, wrong diagnosis, lagophthalmos and excessive vascularization of ulcer. ii. Systemic causes: Diabetes mellitus, severe anaemia, malnutrition, chronic debilitating diseases and patients on systemic steroids. 2. Mechanical debridement of ulcer to remove necrosed material by scraping floor of the ulcer with a spatula under local anaesthesia may hasten the healing. 3. Cauterisation of the ulcer may also be considered in non-responding cases. Cauterisation may be performed with pure carbolic acid or 10-20 per cent trichloracetic acid. 4. Bandage soft contact lens may also help in healing. 5. Peritomy, i.e., severing of perilimbal conjunctival vessels may be performed when excessive corneal vascularization is hindering healing. III. Treatment of impending perforation When ulcer progresses and perforation seems
 
 imminent, the following additional measures may help to prevent perforation and its complications: 1. No strain. The patient should be advised to avoid sneezing, coughing and straining during stool etc. He should be advised strict bed rest. 2. Pressure bandage should be applied to give some external support. 3. Lowering of intraocular pressure by simultaneous use of acetazolamide 250 mg QID orally, intravenous mannitol (20%) drip stat, oral glycerol twice a day, 0.5% timolol eyedrops twice a day, and even paracentesis with slow evacuation of aqueous from the anterior chamber may be performed if required. 4. Tissue adhesive glue such as cynoacrylate is helpful in preventing perforation. 5. Conjunctival flap. The cornea may be covered completely or partly by a conjunctival flap to give support to the weak tissue. 6. Bandage soft contact lens may also be used. 7. Penetrating therapeutic keratoplasty (tectonic graft) may be undertaken in suitable cases, when available. IV. Treatment of perforated corneal ulcer Best is to prevent perforation. However, if perforation has occurred, immediate measures should be taken to restore the integrity of perforated cornea. Depending upon the size of perforation and availability, measures like use of tissue adhesive glues, covering with conjunctival flap, use of bandage soft contact lens or therapeutic keratoplasty should be undertaken. Best is an urgent therapeutic keratoplasty. Marginal catarrhal ulcer
 
 These superificial ulcers situated near the limbus are frequently seen especially in old people. Etiology
 
 Marginal catarrhal ulcer is thought to be caused by a hypersensitivity reaction to staphylococcal toxins. It occurs in association with chronic staphylococcal blepharoconjunctivitis. Moraxella and Haemophilus are also known to cause such ulcers. Clinical features
 
 1. Patient usually presents with mild ocular irritation, pain, photophobia and watering.
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 2. The ulcer is shallow, slightly infiltrated and often multiple, usually associated with staphylococcal conjunctivitis (Fig. 5.7).
 
 vegetable matter. Common sufferers are field workers especially during harvesting season. ii. Injury by animal tail is another mode of infection. iii. Secondary fungal ulcers are common in patients who are immunosuppressed systemically or locally such as patients suffering from dry eye, herpetic keratitis, bullous keratopathy or postoperative cases of keratoplasty. 3. Role of antibiotics and steroids. Antibiotics disturb the symbiosis between bacteria and fungi; and the steroids make the fungi facultative pathogens which are otherwise symbiotic saprophytes. Therefore, excessive use of these drugs predisposes the patients to fungal infections. Clinical features
 
 Fig. 5.7. Marginal corneal ulcer in a patient with acute conjunctivitis.
 
 3. Soon vascularization occurs followed by resolution. Recurrences are very common. Treatment
 
 1. A short course of topical corticosteroid drops along with adequate antibiotic therapy often heals the condition. 2. Adequate treatment of associated blepharitis and chronic conjunctivitis is important to prevent recurrences. MYCOTIC CORNEAL ULCER
 
 The incidence of suppurative corneal ulcers caused by fungi has increased in the recent years due to injudicious use of antibiotics and steroids.
 
 Symptoms are similar to the central bacterial corneal ulcer (see page 95), but in general they are less marked than the equal-sized bacterial ulcer and the overall course is slow and torpid. Signs. A typical fungal corneal ulcer has following salient features (Fig. 5.8):  Corneal ulcer is dry-looking, greyish white, with elevated rolled out margins.  Delicate feathery finger-like extensions are present into the surrounding stroma under the intact epithelium.  A sterile immune ring (yellow line of demarcation) may be present where fungal antigen and host antibodies meet.  Multiple, small satellite lesions may be present around the ulcer.
 
 Etiology
 
 1. Causative fungi. The fungi which may cause corneal infections are : i. Filamentous fungi e.g., Aspergillus, Fusarium, Alternaria, Cephalosporium, Curvularia and Penicillium. ii. Yeasts e.g., Candida and Cryptococcus. (The fungi more commonly responsible for mycotic corneal ulcers are Aspergillus (most common), Candida and Fusarium). 2. Modes of infection i. Injury by vegetative material such as crop leaf, branch of a tree, straw, hay or decaying
 
 Fig. 5.8. Fungal corneal ulcer.
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 Usually a big hypopyon is present even if the ulcer is very small. Unlike bacterial ulcer, the hypopyon may not be sterile as the fungi can penetrate into the anterior chamber without perforation. Perforation in mycotic ulcer is rare but can occur. Corneal vascularization is conspicuously absent.
 
 Diagnosis
 
 1. Typical clinical manifestations associated with history of injury by vegetative material are diagnostic of a mycotic corneal ulcer. 2. Chronic ulcer worsening in spite of most efficient treatment should arouse suspicion of mycotic involvement. 3. Laboratory investigations required for confirmation, include examination of wet KOH, Calcofluor white, Gram's and Giemsa- stained films for fungal hyphae and culture on Sabouraud's agar medium.
 
 Common viral infections include herpes simplex keratitis, herpes zoster ophthalmicus and adenovirus keratitis. HERPES SIMPLEX KERATITIS
 
 Ocular infections with herpes simplex virus (HSV) are extremely common and constitute herpetic keratoconjunctivitis and iritis. Etiology Herpes simplex virus (HSV). It is a DNA virus. Its only natural host is man. Basically HSV is epitheliotropic but may become neurotropic. According to different clinical and immunological properties, HSV is of two types: HSV type I typically causes infection above the waist and HSV type II below the waist (herpes genitalis). HSV-II has also been reported to cause ocular lesions. Mode of Infection 
 
 Treatment
 
 I. Specific treatment includes antifungal drugs: 1. Topical antifungal eye drops should be used for a long period (6 to 8 weeks). These include :  Natamycin (5%) eye drops  Fluconazol (0.2%) eye drops  Nystatin (3.5%) eye ointment. For details see page 422. 2. Systemic antifungal drugs may be required for severe cases of fungal keratitis. Tablet fluconazole or ketoconazole may be given for 2-3 weeks. II. Non specific treatment. Non-specific treatment and general measures are similar to that of bacterial corneal ulcer (see page 98). III. Therapeutic penetrating keratoplasty may be required for unresponsive cases. VIRAL CORNEAL ULCERS
 
 Incidence of viral corneal ulcers has become much greater especially because of the role of antibiotics in eliminating the pathogenic bacterial flora. Most of the viruses tend to affect the epithelium of both the conjunctiva and cornea, hence the typical viral lesions constitute the viral keratoconjunctivitis.
 
 
 
 HSV-1 infection. It is acquired by kissing or coming in close contact with a patient suffering from herpes labialis. HSV-II infection. It is transmitted to eyes of neonates through infected genitalia of the mother.
 
 Ocular lesions of herpes simplex
 
 Ocular involvement by HSV occurs in two forms, primary and recurrent; with following lesions: [A] Primary herpes 1. Skin lesions 2. Conjunctiva-acute follicular conjunctivitis 3. Cornea i. Fine epithelial punctate keratitis ii. Coarse epithelial punctate keratitis iii. Dendritic ulcer [B] Recurrent herpes 1. Active epithelial keratitis i. Punctate epthelial keratitis ii. Dendritic ulcer iii. Geographical ulcer 2. Stromal keratitis i. Disciform keratitis ii. Diffuse stromal necrotic keratitis 3. Trophic keratitis (meta-herpetic) 4. Herpetic iridocyclitis
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 [A] Primary ocular herpes
 
 Primary infection (first attack) involves a nonimmune person. It typically occurs in children between 6 months and 5 years of age and in teenagers. Clinical features
 
 1. Skin lesions. Vesicular lesions may occur involving skin of lids, periorbital region and the lid margin (vesicular blepharitis). 2. Acute follicular conjunctivitis with regional lymphadenitis is the usual and sometimes the only manifestation of the primary infection. 3. Keratitis. Cornea is involved in about 50 percent of the cases. The keratitis can occur as a coarse punctate or diffuse branching epithelial keratitis that does not usually involve the stroma. Primary infection is usually self-limiting but the virus travels up to the trigeminal ganglion and establishes the latent infection. [B] Recurrent ocular herpes
 
 The virus which lies dormant in the trigeminal ganglion, periodically reactivates and causes recurrent infection. Predisposing stress stimuli which trigger an attack of herpetic keratitis include: fever such as malaria, flu, exposure to ultraviolet rays, general ill- health, emotional or physical exhaustion, mild trauma, menstrual stress, following administration of topical or systemic steroids and immunosuppressive agents.
 
 of steroids in dendritic ulcer hastens the formation of geographical ulcer. Symptoms of epithelial keratitis are: photophobia lacrimation, pain. Treatment of epithelial keratitis I. Specific treatment 1. Antiviral drugs are the first choice presently. Always start with one drug first and see the response. Usually after 4 days the lesion starts healing which is completed by 10 days. After healing, taper the drug and withdraw in 5 days. If after 7 days of initial therapy, there is no response, it means the virus is resistant to this drug. So change the drug and/or do mechanical debridement. Commonly used antiviral drugs with their dose regime is given below (for details see page 420). i. Acycloguanosine (Aciclovir) 3 percent ointment: 5 times a day until ulcer heals and then 3 times a day for 5 days. It is least toxic and most commonly used antiviral drug. It penetrates intact corneal epithelium and stroma, achieving therapeutic levels in aqueous humour, and can therefore be used to treat herpetic keratitis.
 
 1. Epithelial keratitis
 
 i. Punctate epithelial keratitis (Fig. 5.9A). The initial epithelial lesions of recurrent herpes resemble those seen in primary herpes and may be either in the form of fine or coarse superficial punctate lesions. ii. Dendritic ulcer (Figs. 5.9B and C). Dendritic ulcer is a typical lesion of recurrent epithelial keratitis. The ulcer is of an irregular, zigzag linear branching shape. The branches are generally knobbed at the ends. Floor of the ulcer stains with fluorescein and the virus-laden cells at the margin take up rose bengal. There is an associated marked diminution of corneal sensations. iii. Geographical ulcer (Fig. 5.9D). Sometimes, the branches of dendritic ulcer enlarge and coalesce to form a large epithelial ulcer with a 'geographical' or 'amoeboid' configuration, hence the name. The use
 
 A
 
 B
 
 C
 
 D
 
 E
 
 Fig. 5.9. Lesions of recurrent herpes simplex keratitis: A, Punctate epithelial keratitis; B and C, Dendritic ulcer; Diagramatics depiction and Clinical photograph D, Geographical ulcer and E; and Disciform keratitis.
 
 103
 
 DISEASES OF THE CORNEA
 
 ii. Ganciclovir (0.15% gel), 5 times a day until ulcer heals and then 3 times a day for 5 days. It is more toxic than aciclovir. iii. Triflurothymidine 1 percent drops : Two hourly until ulcer heals and then 4 times a day for 5 days. iv. Adenine arabinoside (Vidarabine) 3 percent ointment: 5 times a day until ulcer heals and then 3 times a day for 5 days. 2. Mechanical debridement of the involved area along with a rim of surrounding healthy epithelium with the help of sterile cotton applicator under magnification helps by removing the virus-laden cells. Before the advent of antiviral drugs, it used to be the treatment of choice. Now it is reserved for: resistant cases, cases with non-compliance and those allergic to antiviral drugs. II. Non-specific supportive therapy and physical and general measures are same as for bacterial corneal ulcer (see page 98). 2. Stromal keratitis
 
 (a) Disciform keratitis Pathogenesis. It is due to delayed hypersensitivity reaction to the HSV antigen. There occurs low grade stromal inflammation and damage to the underlying endothelium. Endothelial damage results in corneal oedema due to imbibation of aqueous humour. Signs. Disciform keratitis is characterized by (Fig. 5.9E):  Focal disc-shaped patch of stromal oedema without necrosis,  Folds in Descemet's membrane,  Keratic precipitates,  Ring of stromal infilterate (Wessley immune ring) may be present surrounding the stromal oedema. It signifies the junction between viral antigen and host antibody.  Corneal sensations are diminished.  Intraocular pressure (IOP) may be raised despite only mild anterior uveitis. In severe cases, anterior uveitis may be marked.  Sometimes epithelial lesions may be associated with disciform keratitis. Important note. During active stage diminished corneal sensations and keratic precipitates are the differentiating points from other causes of stromal oedema.
 
 Treatment consists of diluted steroid eye drops instilled 4-5 times a day with an antiviral cover (aciclovir 3%) twice a day. Steroids should be tapered over a period of several weeks. When disciform keratitis is present with an infected epithelial ulcer, antiviral drugs should be started 5-7 days before the steroids. (b) Diffuse stromal necrotic keratitis. It is a type of interstitial keratitis caused by active viral invasion and tissue destruction. Symptoms : Pain, photophobia and redness are common symptom. Signs. It presents as necrotic, blotchy, cheesy white infiltrates that may lie under the epithelial ulcer or may present independently under the intact epithelium. It may be associated with mild iritis and keratic precipitates. After several weeks of smouldering inflammation, stromal vascularization may occur. Treatment is similar to disciform keratitis but frequently the results are unsatisfactory. Keratoplasty should be deferred until the eye has been quiet with little or no steroidal treatment for several months; because viral interstitial keratitis is the form of herpes which is most likely to recur in a new graft. 3. Metaherpetic keratitis
 
 Metaherpetic keratitis (Epithelial sterile trophic ulceration) is not an active viral disease, but is a mechanical healing problem (similar to recurrent traumatic erosions) which occurs at the site of a previous herpetic ulcer.  Clinically it presents as an indolent linear or ovoid epithelial defect.  Treatment is aimed at promoting healing by use of lubricants (artificial tears), bandage soft contact lens and lid closure (tarsorrhaphy). HERPES ZOSTER OPHTHALMICUS
 
 Herpes zoster ophthalmicus is an acute infection of Gasserian ganglion of the fifth cranial nerve by the varicella-zoster virus (VZV). It constitutes approximately 10 percent of all cases of herpes zoster. Etiology
 
 Varicella -zoster virus. It is a DNA virus and produces acidophilic intranuclear inclusion bodies. It is neurotropic in nature.
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 Mode of infection. The infection is contracted in childhood, which manifests as chickenpox and the child develops immunity. The virus then remains dormant in the sensory ganglion of trigeminal nerve. It is thought that, usually in elderly people (can occur at any age) with depressed cellular immunity, the virus reactivates, replicates and travels down along one or more of the branches of the ophthalmic division of the fifth nerve. Clinical features
 
 In herpes zoster ophthalmicus, frontal nerve is more frequently affected than the lacrimal and nasociliary nerves. z About 50 percent cases of herpes zoster ophthalmicus get ocular complications. z The Hutchinson's rule, which implies that ocular involvement is frequent if the side or tip of nose presents vesicles (cutaneous involvement of nasociliary nerve), is useful but not infallible. z Lesions of herpes zoster are strictly limited to one side of the midline of head. Clinical phases of H. zoster ophthalmicus are : i. Acute, which may totally resolve. ii. Chronic, which may persist for years. iii. Relapsing, where the acute or chronic lesions reappear sometimes years later. Clinical features of herpes zoster ophthalmicus include general features, cutaneous lesions and ocular lesions. In addition, there may be associated other neurological complications as described below: z
 
 A. General features. The onset of illness is sudden with fever, malaise and severe neuralgic pain along the course of the affected nerve. The distribution of pain is so characteristic of zoster that it usually arouses suspicion of the nature of the disease before appearance of vesicles. B. Cutaneous lesions. Cutaneous lesions (Fig. 5.10) in the area of distribution of the involved nerve appear usually after 3-4 days of onset of the disease. To begin with, the skin of lids and other affected areas become red and oedematous (mimicking erysipelas), followed by vesicle formation. In due course of time vesicles are converted into pustules, which subsequently burst to become crusting ulcers. When crusts are shed, permanent pitted scars are left. The active eruptive phase lasts for about 3 weeks. Main symptom is severe neuralgic pain which usually
 
 Fig. 5.10. Cutaneous lesions of herpes zoster ophthalmicus.
 
 diminishes with the subsidence of eruptive phase; but sometimes it may persist for years with little diminution of intensity. There occurs some anaesthesia of the affected skin which when associated with continued post-herpetic neuralgia is called anaesthesia dolorosa. C. Ocular lesions. Ocular complications usually appear at the subsidence of skin eruptions and may present as a combination of two or more of the following lesions: 1. Conjunctivitis is one of the most common complication of herpes zoster. It may occur as mucopurulent conjunctivitis with petechial haemorrhages or acute follicular conjunctivitis with regional lymphadenopathy. Sometimes, severe necrotizing membranous inflammation may be seen. 2. Zoster keratitis occurs in 40 percent of all patients and sometimes may precede the neuralgia or skin lesions. It may occur in several forms, which in order of chronological clinical occurrence are (Fig. 5.11) : z Fine or coarse punctate epithelial keratitis. z Microdendritic epithelial ulcers. These unlike dendritic ulcers of herpes simplex are usually peripheral and stellate rather than exactly dendritic in shape. It contrast to Herpes simplex dendrites, they have tapered ends which lack bulbs. z Nummular keratitis is seen in about one-third number of total cases. It typically occurs as multiple tiny granular deposits surrounded by a halo of stromal haze. z Disciform keratitis occurs in about 50 percent of cases and is always preceded by nummular keratitis.
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 Neuroparalytic ulceration may occur as a sequelae of acute infection and Gasserian ganglion destruction. Exposure keratitis may supervene in some cases due to associated facial palsy. Mucous plaque keratitis develops in 5% of cases between 3rd and 5th months characterised by sudden development of elevated mucous plaque with stain brilliantly with rose bengal.
 
 D. Associated neurological complications. Herpes zoster ophthalmicus may also be associated with other neurological complications such as : 1. Motor nerve palsies especially third, fourth, sixth and seventh. 2. Optic neuritis occurs in about 1 percent of cases. 3. Encephalitis occurs rarely with severe infection. Treatment
 
 Therapeutic approach to herpes zoster ophthalmicus should be vigorous and aimed at preventing severe devastating ocular complications and promoting rapid healing of the skin lesions without the formation of massive crusts which result in scarring of the nerves and postherpetic neuralgia. The following regime may be followed:
 
 Fig. 5.11. Types of zoster keratitis : A, Punctate epithelial keratitis; B, Microdendritic epithelial ulcer; C, Nummular keratitis; D, Disciform keratitis.
 
 3. Episcleritis and scleritis occur in about one-half of the cases. These usually appear at the onset of the rash but are frequently concealed by the overlying conjunctivitis. 4. Iridocyclitis is of a frequent occurrence and may or may not be associated with keratitis. There may be associated hypopyon and hyphaema (acute haemorrhagic uveitis). 5. Acute retinal necrosis may occurs in some cases. 6. Anterior segment necrosis and phthisis bulbi. It may also result from zoster vasculitis and ischemia. 7. Secondary glaucoma. It may occur due to trabeculitis in early stages and synechial angle closure in late stages.
 
 I. Systemic therapy for herpes zoster 1. Oral antiviral drugs. These significantly decrease pain, curtail vesiculation, stop viral progression and reduce the incidence as well as severity of keratitis and iritis. In order to be effective, the treatment should be started immediately after the onset of rash. It has no effect on post herpetic neuralgia.  Acyclovir in a dose of 800 mg 5 times a day for 10 days, or  Valaciclovir in a dose of 500mg TDS 2. Analgesics. Pain during the first 2 weeks of an attack is very severe and should be treated by analgesics such as combination of mephenamic acid and paracetamol or pentazocin or even pethidine (when very severe). 3. Systemic steroids. They appear to inhibit development of post-herpetic neuralgia when given in high doses. However, the risk of high doses of steroids in elderly should always be taken into consideration. Steroids are commonly recommended in cases developing neurological complications such as third nerve palsy and optic neuritis. 4. Cimetidine in a dose of 300 mg QID for 2-3 weeks starting within 48-72 hours of onset has also been shown to reduce pain and pruritis in acute zoster - presumably by histamine blockade. 5. Amitriptyline should be used to relieve the accompanying depression in acute phase.
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 II. Local therapy for skin lesions 1. Antibiotic-corticosteroid skin ointment or lotions. These should be used three times a day till skin lesions heal. 2. No calamine lotion. Cool zinc calamine application, as advocated earlier, is better avoided, as it promotes crust formation. III. Local therapy for ocular lesions 1. For zoster keratitis, iridocyctitis and scleritis i. Topical steroid eye drops 4 times a day. ii. Cycloplegics such as cyclopentolate eyedrops BD or atropine eye ointment OD. iii. Topical acyclovir 3 percent eye ointment should be instilled 5 times a day for about 2 weeks. 2. To prevent secondary infections topical antibiotics are used. 3. For secondary glaucoma i. 0.5 percent timolol or 0.5% betaxolol drops BD. ii. Acetazolamide 250 mg QID. 4. For neuroparalytic corneal ulcer caused by herpes zoster, lateral tarsorrhaphy should be performed. 5. For persistent epithelial defects use : i. Lubricating artificial tear drops, and ii. Bandage soft contact lens. 6. Keratoplasty. It may be required for visual rehabilitation of zoster-patients with dense scarring. However, these are poor risk patients. PROTOZOAL KERATITIS ACANTHAMOEBA KERATITIS
 
 Acanthamoeba keratitis has recently gained importance because of its increasing incidence, difficulty in diagnosis and unsatisfactory treatment. Etiology
 
 Acanthamoeba is a free lying amoeba found in soil, fresh water, well water, sea water, sewage and air. It exists in trophozoite and encysted forms. Mode of infection. Corneal infection with acanthamoeba results from direct corneal contact with any material or water contaminated with the organism. Following situations of contamination have been described: 1. Contact lens wearers using home-made saline (from contaminated tap water and saline tablets)
 
 is the commonest situation recognised for acanthamoeba infection in western countries. 2. Other situations include mild trauma associated with contaminated vegetable matter, salt water diving, wind blown contaminant and hot tub use. Trauma with organic matter and exposure to muddy water are the major predisposing factors in developing countries. 3. Opportunistic infection. Acanthamoeba keratitis can also occur as opportunistic infection in patients with herpetic keratitis, bacterial keratitis, bullous keratopathy and neuroparalytic keratitis. Clinical features
 
 Symptoms. These include very severe pain (out of proportion to the degree of inflammation), watering, photophobia, blepharospasm and blurred vision. Signs. Acanthamoeba keratitis evolves over several months as a gradual worsening keratitis with periods of temporary remission. Presentation is markedly variable, making diagnosis difficult. Characterstic features are described below : 1. Initial lesions of acanthamoeba keratitis are in the form of limbitis, coarse, opaque streaks, fine epithelial and subepithelial opacities, and radial kerato-neuritis, in the form of infiltrates along corneal nerves. 2. Advanced cases show a central or paracentral ring-shaped lesion with stromal infiltrates and an overlying epithelial defect, ultimately presenting as ring abscess (Fig. 5.12). Hypopyon may also be present. Diagnosis
 
 1. Clinical diagnosis. It is difficult and usually made by exclusion with strong clinical suspicion out of the non-responsive patients being treated for herpetic, bacterial or fungal keratitis. 2. Laboratory diagnosis. Corneal scrapings may be helpful in some cases as under: i. Potassium hydroxide(KOH) mount is reliable in experienced hands for recognition of acanthamoeba cysts. ii. Calcofluor white stain is a fluorescent brightener which stains the cysts of acanthamoeba bright apple green under fluorescence microscope.
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 miconazole. Duration of medical treatment is very large (6 months to 1 year). 3. Penetrating keratoplasty is frequently required in non-responsive cases. ALLERGIC KERATITIS
 
 1. Phlyctenular keratitis (page 78) 2. Vernal keratitis (page 75) 3. Atopic keratitis (page 76) TROPHIC CORNEAL ULCERS A
 
 Trophic corneal ulcers develop due to disturbance in metabolic activity of epithelial cells. This group includes: (1) Neuroparalytic keratitis and (2) Exposure keratitis. NEUROPARALYTIC KERATITIS
 
 Neuroparalytic keratitis occurs due to paralysis of the sensory nerve supply of the cornea. Causes
 
 B Fig. 5.12. Ring infiltrate (A) and ring abscess (B) in a patient with advanced acanthamoeba keratitis.
 
 iii. Lactophenol cotton blue stained film is also useful for demonstration of acanthamoeba cysts in the corneal scrapings. iv. Culture on non-nutrient agar (E. coli enriched) may show trophozoites within 48 hours, which gradually turn into cysts. Treatment
 
 It is usually unsatisfactory. 1. Non-specific treatment is on the general lines for corneal ulcer (see page 98). 2. Specific medical treatment includes: (a) 0.1 percent propamidine isethionate (Brolene) drops; (b) Neomycin drops; (c) Polyhexamethylene biguanide (0.01%–0.02% solution); (d) chlorhexidine; (e) other drugs that may be useful are paromomycin and various topical and oral imidazoles such as fluconazole, itraconazole and
 
 I. Congenital 1. Familial dysautonomia (Riley-Day syndrome) 2. Congenital insensitivity to Pain. 3. Anhidrotic ectodermal dysplasia. II. Acquired 1. Following alcohol-block or electrocoagulation of Gasserian ganglion or section of the sensory root of trigeminal nerve for trigeminal neuralgia. 2. A neoplasm pressing on Gasserian ganglion. 3. Gasserian ganglion destruction due to acute infection in herpes zoster ophthalmicus. 4. Acute infection of Gasserian ganglion by herpes simplex virus. 5. Syphilitic (luetic) neuropathy. 6. Involvement of corneal nerves in leprosy. 7. Injury to Gasserian ganglion. Pathogenesis
 
 Exact pathogenesis is not clear; presumably, the disturbances in the antidromic corneal reflex occur due to fifth nerve paralysis. As a consequence metabolic activity of corneal epithelium is disturbed, leading to accumulation of metabolites; which in turn cause oedema and exfoliation of epithelial cells followed by ulceration. Corneal changes can occur in the presence of a normal blink reflex and normal lacrimal secretions.
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 Clinical features
 
 Clinical features
 
 1. Characteristic features are no pain, no lacrimation, and complete loss of corneal sensations. 2. Ciliary congestion is marked. 3. Corneal sheen is dull. 4. Initial corneal changes are in the form of punctate epithelial erosions in the inter-palpebral area followed by ulceration due to exfoliation of corneal epithelium. 5. Relapses are very common, even the healed scar quickly breaks down again.
 
 Initial dessication occurs in the interpalpebral area leading to fine punctate epithelial keratitis which is followed by necrosis, frank ulceration and vascularization. Bacterial superinfection may cause deep suppurative ulceration which may even perforate.
 
 Treatment
 
 1. Initial treatment with antibiotic and atropine eye ointment with patching is tried. Healing is usually very slow. Recently described treatment modality include topical nerve growth factor drops and amniotic membrane transplantation. 2. If, however, relapses occur, it is best to perform lateral tarsorrhaphy which should be kept for at least one year. Along with it prolonged use of artificial tears is also recommended. EXPOSURE KERATITIS
 
 Normally cornea is covered by eyelids during sleep and is constantly kept moist by blinking movements during awaking. When eyes are covered insufficiently by the lids and there is loss of protective mechanism of blinking the condition of exposure keratopathy (keratitis lagophthalmos) develops. Causes
 
 Following factors which produce lagophthalmos may lead to exposure keratitis: 1. Extreme proptosis due to any cause will allow inadequate closure of lids. 2. Bell's palsy or any other cause of facial palsy. 3. Ectropion of severe degree . 4. Symblepharon causing lagophthalmos. 5. Deep coma associated with inadequate closure of lids. 6. Physiological lagophthalmos. Occasionally, lagophthalmos during sleep may occur in healthy individuals. Pathogenesis
 
 Due to exposure the corneal epithelium dries up followed by dessication. After the epithelium is cast off, invasion by infective organisms may occur.
 
 Treatment
 
 1. Prophylaxis. Once lagophthalmos is diagnosed following measures should be taken to prevent exposure keratitis.  Frequent instillation of artificial tear eyedrops.  Instillation of ointment and closure of lids by a tape or bandage during sleep.  Soft bandage contact lens with frequent instillation of artificial tears is required in cases of moderate exposure.  Treatment of cause of exposure: If possible cause of exposure (proptosis, ectropion, etc) should be treated. 2. Treatment of corneal ulcer is on the general lines (see page 98). 3. Tarsorrhaphy is invariably required when it is not possible to treat the cause or when recovery of the cause (e.g., facial palsy) is not anticipated. KERATITIS ASSOCIATED WITH DISEASES OF SKIN AND MUCOUS MEMBRANE ROSACEA KERATITIS
 
 Corneal ulceration is seen in about 10 percent cases of acne rosacea, which is primarily a disease of the sebaceous glands of the skin. Clinical features
 
 1. The condition typically occurs in elderly women in the form of facial eruptions presenting as butterfly configuration, predominantly involving the malar and nasal area of face. 2. Ocular lesions include chronic blepharoconjunctivitis and keratitis. Rosacea keratitis occurs as yellowish white marginal infiltrates, and small ulcers that progressively advance across the cornea and almost always become heavily vascularised. Treatment
 
 1. Local treatment. Rosacea keratitis responds to topical steroids, but recurrences are very common.
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 2. Systemic treatment. The essential and most effective treatment of rosacea keratitis is a long course of systemic tetracycline (250 mg QID × 3 weeks, TDS × 3 weeks, BID × 3 weeks, and once a day for 3 months). CORNEAL ULCER ASSOCIATED WITH SYSTEMIC COLLAGEN VASCULAR DISEASES
 
 Peripheral corneal ulceration and/or melting of corneal tissue is not infrequent occurrence in patients suffering from systemic diseases such as rheumatoid arthritis, systemic lupus erythematosus, polyarteritis nodosa and Wegener's granulomatosis. Such corneal ulcers are usually indolent and difficult to treat. Systemic treatment of the primary disease may be beneficial.
 
 A
 
 IDIOPATHIC CORNEAL ULCERS MOOREN'S ULCER
 
 The Mooren's ulcer (chronic serpiginous or rodent ulcer) is a severe inflammatory peripheral ulcerative keratitis. Etiology
 
 Exact etiology is not known. Different views are : 1. It is an idiopathic degenerative conditon. 2. It may be due to an ischaemic necrosis resulting from vasculitis of limbal vessels. 3. It may be due to the effects of enzyme collagenase and proteoglyconase produced from conjunctiva. 4. Most probably it is an autoimmune disease (antibodies against corneal epithelium have been demonstrated in serum).
 
 B Fig. 5.13. Mooren's ulcer : A, diagrammatic depiction; B, clinical photograph.
 
 Clinical picture
 
 Two clinical varieties of Mooren's ulcer have been recognised. 1. Benign form which is usually unilateral, affects the elderly people and is characterised by a relative slow progress. 2. Virulent type also called the progressive form is bilateral, more often occurs in younger patients. The ulcer is rapidly progressive with a high incidence of scleral involvement. Symptoms. These include severe pain, photophobia, lacrimation and defective vision. Signs. Features of Mooren's ulcer are shown in Fig. 5.13.
 
 
 
 
 
 
 
 It is a superficial ulcer which starts at the corneal margin as patches of grey infiltrates which coalesce to form a shallow furrow over the whole cornea. The ulcer undermines the epithelium and superficial stromal lamellae at the advancing border, forming a characteristic whitish overhanging edge. Base of the ulcer soon becomes vascularized. The spread may be selflimiting or progressive. The ulcer rarely perforates and the sclera remains uninvolved.
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 Treatment
 
 Since exact etiology is still unknown, its treatment is highly unsatisfactory. Following measures may be tried: 1. Topical corticosteroids instilled every 2-3 hours are tried as initial therapy with limited success. 2. Immunosuppressive therapy with systemic steroids may be of help. Immunosuppression with cyclosporin or other cytotoxic agents may be quite useful in virulent type of disease. 3. Soft contact lenses have also been used with some relief in pain. 4. Lamellar or full thickness corneal grafts often melt or vascularize. NON-ULCERATIVE KERATITIS Non-ulcerative keratitis can be divided into two groups: (a) non-ulcerative superficial keratitis and (b) non-ulcerative deep keratitis. NON-ULCERATIVE SUPERFICIAL KERATITIS
 
 This group includes a number of conditions of varied etiology. Here the inflammatory reaction is confined to epithelium, Bowman's membrane and superficial stromal lamellae. Non-ulcerative superficial keratitis may present in two forms:  Diffuse superficial keratitis and  Superficial punctate keratitis DIFFUSE SUPERFICIAL KERATITIS
 
 Diffuse inflammation of superficial layers of cornea occurs in two forms, acute and chronic. 1. Acute diffuse superficial keratitis Etiology. Mostly of infective origin, may be associated with staphylococcal or gonococcal infections. Clinical features. It is characterised by faint diffuse epithelial oedema associated with grey farinaceous appearance being interspersed with relatively clear area. Epithelial erosions may be formed at places. If uncontrolled, it usually converts into ulcerative keratitis. Treatment. It consists of frequent instillation of antibiotic eyedrops such as tobramycin or gentamycin 2-4 hourly.
 
 2. Chronic diffuse superficial keratitis It may be seen in rosacea, phlyctenulosis and is typically associated with pannus formation. SUPERFICIAL PUNCTATE KERATITIS (SPK)
 
 Superficial punctate keratitis is characterised by occurrence of multiple, spotty lesions in the superficial layers of cornea. It may result from a number of conditions, identification of which (causative condition) might not be possible most of the times. Causes
 
 Some important causes of superficial punctate keratitis are listed here. 1. Viral infections are the chief cause. Of these more common are: herpes zoster, adenovirus infections, epidemic keratoconjunctivitis, pharyngo-conjunctival fever and herpes simplex. 2. Chlamydial infections include trachoma and inclusion conjunctivitis. 3. Toxic lesions e.g., due to staphylococcal toxin in association with blepharoconjunctivitis. 4. Trophic lesions e.g., exposure keratitis and neuroparalytic keratitis. 5. Allergic lesions e.g., vernal keratoconjunctivitis. 6. Irritative lesions e.g., effect of some drugs such as idoxuridine. 7. Disorders of skin and mucous membrane, such as acne rosacea and pemphigoid. 8. Dry eye syndrome, i.e., keratoconjunctivitis sicca. 9. Specific type of idiopathic SPK e.g., Thygeson's superficial punctate keratitis and Theodore's superior limbic keratoconjunctivitis. 10. Photo-ophthalmitis. Morphological types (Fig. 5.14) 1. Punctate epithelial erosions (multiple superficial erosions). 2. Punctate epithelial keratitis. 3. Punctate subepithelial keratitis. 4. Punctate combined epithelial and subepithelial keratitis. 5. Filamentary keratitis. Clinical features
 
 Superficial punctate keratitis may present as different morphological types as enumerated above. Punctate epithelial lesions usually stain with fluorescein, rose bengal and other vital dyes. The condition mostly
 
 111
 
 DISEASES OF THE CORNEA
 
 Clinical features 
 
 
 
 
 
 Typically, patient presents with severe burning pain, lacrimation, photophobia, blepharospasm, swelling of palpebral conjunctiva and retrotarsal folds. There is history of exposure to ultraviolet rays 45 hours earlier. On fluorescein staining multiple spots are demonstrated on both corneas.
 
 Prophylaxis
 
 Crooker's glass which cuts off all infrared and ultraviolet rays should be used by those who are prone to exposure e.g., welding workers, cinema operators etc. Treatment Fig. 5.14. Morphological types of superficial punctate keratitis.
 
 presents acutely with pain, photophobia and lacrimation; and is usually associated with conjunctivitis. Treatment
 
 Treatment of most of these conditions is symptomatic. 1. Topical steroids have a marked suppressive effect. 2. Artificial tears have soothing effect. 3. Specific treatment of cause should be instituted whenever possible e.g., antiviral drugs in cases of herpes simplex. PHOTO-OPHTHALMIA
 
 Photo-ophthalmia refers to occurrence of multiple epithelial erosions due to the effect of ultraviolet rays especially from 311 to 290µ. Causes
 
 1. Exposure to bright light of a short circuit. 2. Exposure to a naked arc light as in industrial welding and cinema operators. 3. Snow blindness due to reflected ultraviolet rays from snow surface. Pathogenesis
 
 After an interval of 4-5 hours (latent period) of exposure to ultraviolet rays there occurs desquamation of corneal epithelium leading to formation of multiple epithelial erosions.
 
 1. Cold compresses. 2. Pad and bandage with antibiotic ointment for 24 hours, heals most of the cases. 3. Oral analgesics may be given if pain is intolerable. 4. Single dose of tranquilliser may be given to apprehensive patients. SUPERIOR LIMBIC KERATOCONJUNCTIVITIS
 
 Superior limbic keratoconjunctivitis of Theodore is the name given to inflammation of superior limbic, bulbar and tarsal conjunctiva associated with punctate keratitis of the superior part of cornea. Etiology
 
 Exact etiology is not known. It occurs with greater frequency in patients with hyperthyroidism and is more common in females. Clinical features
 
 Clinical course. It has a chronic course with remissions and exacerbations. Symptoms include :  Bilateral ocular irritation.  Mild photophobia, and redness in superior bulbar conjunctiva. Signs (Fig. 5.15) include  Congestion of superior limbic, bulbar and tarsal conjunctiva.  Punctate keratitis which stains with fluorescein and rose bengal stain is seen in superior part of cornea.  Corneal filaments are also frequently seen in the involved area.
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 Etiology
 
 Exact etiology is not known.  A viral origin has been suggested without any conclusion.  An allergic or dyskeratotic nature also has been suggested owing to its response to steroids. Clinical features 
 
  
 
 A
 
 Age and sex. It may involve all ages with no sex predilection. Laterality. Usually bilateral. Course. It is a chronic disease characterised by remissions and exacerbations.
 
 Symptoms It may be asymptomatic, but is usually associated with foreign body sensation, photophobia and lacrimation.
 
 B Fig. 5.15. Superior limbic keratoconjunctivitis : A, diagramatic depiction; B, clinical photograph.
 
 Treatment
 
 1. Topical artificial tears. 2. Low doses of topical corticosteroids may reduce the symptoms temporarily. 3. Faint diathermy of superior bulbar conjunctiva in a checker board pattern gives acceptable results. 4. Recession or resection of a 3-4 mm wide perilimbal strip of conjunctiva from the superior limbus (from 10.30 to 1.30 O'clock position) may be helpful if other measures fail. 5. Therapeutic soft contact lenses for a longer period may be helpful in healing the keratitis. THYGESON'S SUPERFICIAL PUNCTATE KERATITIS
 
 It is a type of chronic, recurrent bilateral superficial punctate keratitis, which has got a specific clinical identity.
 
 Signs 1. Conjunctiva is uninflamed (no conjunctivitis). 2. Corneal lesions. There are coarse punctate epithelial lesions (snow flake) circular, oval or stellate in shape, slightly elevated and situated in the central part (pupillary area) of cornea. Each lesion is a cluster of heterogeneous granular grey dots. Treatment
 
 1. The disease is self-limiting with remissions and may permanently disappear in a period of 5-6 years. 2. During exacerbations the lesions and associated symptoms usually respond quickly to topical steroids (so, should be tapered rapidly). 3. Therapeutic soft contact lenses may be required in steroid-resistant cases. FILAMENTARY KERATITIS
 
 It is a type of superficial punctate keratitis, associated with formation of corneal epithelial filaments. Pathogenesis
 
 Corneal filaments which essentially consist of a tag of elongated epithelium are formed due to aberrant epithelial healing. Therefore, any condition that leads to focal epithelial erosions may produce filamentary keratopathy.
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 Causes
 
 INTERSTITIAL KERATITIS
 
 The common conditions associated with filamentary keratopathy are: 1. Keratoconjunctivitis sicca (KCS). 2. Superior limbic keratoconjunctivitis. 3. Epitheliopathy due to radiation keratitis. 4. Following epithelial erosions as in herpes simplex keratitis, Thygeson's superficial punctate keratitis, recurrent corneal erosion syndrome and trachoma. 5. Prolonged patching of the eye particularly following ocular surgery like cataract. 6. Systemic disorders like diabetes mellitus, ectodermal dysplasia and psoriasis. 7. Idiopathic.
 
 Interstitial keratitis denotes an inflammation of the corneal stroma without primary involvement of the epithelium or endothelium. Causes. Its common causes are:  Congenital syphilis  Tuberculosis  Cogan's syndrome  Acquired syphilis  Trypanosomiasis  Malaria  Leprosy  Sarcoidosis Syphilitic (luetic) interstitial keratitis
 
 Clinical features
 
 Symptoms. Patients usually experience moderate pain, ocular irritation, lacrimation and foreign body sensation. Signs. Corneal examination reveals.  Filaments i.e., fine tags of elongated epithelium which are firmly attached at the base, intertwined with mucus and degenerated cells. The filament is freely movable over the cornea.  Superficial punctate keratitis of varying degree is usually associated with corneal filaments. Treatment
 
 1. Management of filaments include their mechanical debridement and patching for 24 hours followed by lubricating drops. 2. Therapeutic soft contact lenses may be useful in recurrent cases. 3. Treatment of the underlying cause to prevent recurrence. DEEP KERATITIS An inflammation of corneal stroma with or without involvement of posterior corneal layers constitutes deep keratitis, which may be non-suppurative or suppurative.  Non-suppurative deep keratitis includes, interstitial keratitis, disciform keratitis, keratitis profunda and sclerosing keratitis.  Suppurative deep keratitis includes central corneal abscess and posterior corneal abscess, which are usually metastatic in nature.
 
 Syphilitic interstitial keratitis is associated more frequently (90 percent) with congenital syphilis than the acquired syphilis. The disease is generally bilateral in inherited syphilis and unilateral in acquired syphilis. In congenital syphilis, manifestations develop between 5-15 years of age. Pathogenesis
 
 It is now generally accepted that the disease is a manifestation of local antigen-antibody reaction. It is presumed that Treponema pallidum invades the cornea and sensitizes it during the period of its general diffusion throughout the body in the foetal stage. Later a small-scale fresh invasion by treponema or toxins excite the inflammation in the sensitized cornea. The inflammation is usually triggered by an injury or an operation on the eye. Clinical features
 
 Interstitial keratitis characteristically forms one of the late manifestations of congenital syphilis. Many a time it may be a part of Hutchinson's triad, which includes: interstitial keratitis, Hutchinson's teeth and vestibular deafness. The clinical picture of interstitial keratitis can be divided into three stages: initial progressive stage, florid stage and stage of regression. 1. Initial progressive stage. The disease begins with oedema of the endothelium and deeper stroma, secondary to anterior uveitis, as evidenced by the presence of keratic precipitates (KPs). There is associated pain, lacrimation, photophobia, blepharospasm and circumcorneal injection followed
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 by a diffuse corneal haze giving it a ground glass appearance. This stage lasts for about 2 weeks.
 
 is more frequently unilateral and sectorial (usually involving a lower sector of cornea).
 
 2. Florid stage. In this stage eye remains acutely inflamed. Deep vascularization of cornea, consisting of radial bundle of brush-like vessels develops. Since these vessels are covered by hazy cornea, they look dull reddish pink which is called 'Salmon patch appearance'. There is often a moderate degree of superficial vascularization. These vessels arising from the terminal arches of conjunctival vessels, run a short distance over the cornea. These vessels and conjunctiva heap at the limbus in the form of epulit. This stage lasts for about 2 months. 3. Stage of regression. The acute inflammation resolves with the progressive appearance of vascular invasion. Clearing of cornea is slow and begins from periphery and advances centrally. Resolution of the lesion leaves behind some opacities and ghost vessels. This stage may last for about 1 to 2 years.
 
 Treatment consists of systemic antitubercular drugs, topical steroids and cycloplegics.
 
 Diagnosis
 
 The diagnosis is usually evident from the clinical profile. A positive VDRL or Treponema pallidum immobilization test confirms the diagnosis. Treatment
 
 The treatment should include topical treatment for keratitis and systemic treatment for syphilis. 1. Local treatment. Topical corticosteroid drops e.g., dexamethasone 0.1% drops every 2-3 hours. As the condition is allergic in origin, corneal clearing occurs with steroids if started well in time and a useful vision is obtained.  Atropine eye ointment 1 percent 2-3 times a day.  Dark goggles to be used for photophobia. 2. Keratoplasty is required in cases where dense corneal opacities are left. 2. Systemic treatment  Penicillin in high doses should be started to prevent development of further syphilitic lesions. However, an early treatment of congenital syphilis usually does not prevent the onset of keratitis at a later stage.  Systemic steroids may be added in refractory cases of keratitis. Tuberculous interstitial keratitis
 
 The features of tubercular interstitial keratitis are similar to syphilitic interstitial keratitis except that it
 
 Cogan's syndrome
 
 This syndrome comprises the interstitial keratitis of unkown etiology, acute tinnitis, vertigo, and deafness. It typically occurs in middle-aged adults and is often bilateral. Treatment consists of topical and systemic corticosteroids. An early treatment usually prevents permanent deafness and blindness.
 
 CORNEAL DEGENERATIONS Corneal degenerations refers to the conditions in which the normal cells undergo some degenerative changes under the influence of age or some pathological condition. CLASSIFICATION
 
 [A] Depending upon location I. Axial corneal degenerations 1. Fatty degeneration 2. Hyaline degeneration 3. Amyloidosis 4. Calcific degeneration (Band keratopathy) 5. Salzmann's nodular degeneration. II. Peripheral degenerations 1. Arcus senilis 2. Vogt's white limbal girdle 3. Hassal-Henle bodies 4. Terrien's marginal degeneration 5. Mooren's ulcer 6. Pellucid marginal degeneration 7. Furrow degeneration (senile marginal degeneration). [B] Depending upon etiology I. Age related degenerations. Arcus senilis, Vogt's white limbal girdle, Hassal-Henle bodies, Mosaic degeneration. II. Pathological degenerations: Fatty degeneration, amyloidosis, calcific degeneration, Salzmann's nodular degeneration, Furrow degeneration, spheroidal degeneration, Pellucid marginal degeneration, Terrien's marginal degeneration, Mooren's ulcer.
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 I. AGE-RELATED DEGENERATIONS
 
 II. PATHOLOGICAL DEGENERATIONS
 
 Arcus senilis
 
 Fatty degeneration (Lipoid keratopathy)
 
 Arcus senilis refers to an annular lipid infiltration of corneal periphery. This is an age-related change occurring bilaterally in 60 percent of patients between 40 and 60 years of age and in nearly all patients over the age of 80. Sometimes, similar changes occur in young persons (arcus juvenilis) which may or may not be associated with hyperlipidemia. The arcus starts in the superior and inferior quadrants and then progresses circumferentially to form a ring which is about 1 mm wide. This ring of opacity is separated from the limbus by a clear zone (the lucid interval of Vogt) (Fig. 5.16). Sometimes there may be double ring of arcus.
 
 Fatty degeneration of cornea is characterised by whitish or yellowish deposits. The fat deposits mostly consist of cholesterol and fatty acids. Initially fat deposits are intracellular but some become extracellular with necrosis of stromal cells. Lipid keratopathy can be primary or secondary. 1. Primary lipid keratopathy is a rare condition which occurs in a cornea free of vascularization. Serum lipid levels are normal in such patients. 2. Secondary lipid keratopathy occurs in vascularised corneas secondary to diseases such as corneal infections, interstitial keratitis, ocular trauma, glaucoma, and chronic iridocyclitis. Treatment is usually unsatisfactory. In some cases slow resorption of lipid infiltrate can be induced by argon laser photocoagulation of the new blood vessels. Hyaline degeneration
 
 Fig. 5.16. Arcus senilis.
 
 Vogt's white limbal girdle
 
 It is also an age-related change seen frequently in elderly people. It appears as bilateral chalky white opacities in the interpalpebral area both nasally and temporally. There may or may not be a clear area between opacity and the limbus. The opacity is at the level of Bowman's membrane. Hassal-Henle bodies
 
 Hassal-Henle bodies are drop-like excrescences of hyaline material projecting into the anterior chamber around the corneal periphery. These arise from Descemet's membrane. These form the commonest senile change seen in the cornea. In pathological conditions they become larger and invade the central area and the condition is called cornea guttata.
 
 Hyaline degeneration of cornea is characterised by deposition of hyaline spherules in the superficial stroma and can be primary or secondary. 1. Primary hyaline degeneration is bilateral and noted in association with granular dystrophy (see page 118). 2. Secondary hyaline degeneration is unilateral and associated with various types of corneal diseases including old keratitis, long-standing glaucoma, trachomatous pannus. It may be complicated by recurrent corneal erosions. Treatment of the condition when it causes visual disturbance is keratoplasty. Amyloid degeneration
 
 Amyloid degeneration of cornea is characterised by deposition of amyloid material underneath its epithelium. It is very rare condition and occurs in primary (in a healthy cornea) and secondary forms (in a diseased cornea). Calcific degeneration (Band Shape keratopathy)
 
 Band shape keratopathy (BSK) is essentially a degenerative change associated with deposition of calcium salts in Bowman's membrane, most superficial part of stroma and in deeper layers of epithelium.
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 Etiology  Ocular diseases. Band keratopathy is seen in association with: chronic uveitis in adults, children with Still's disease, phthisis bulbi, chronic glaucoma, chronic keratitis and ocular trauma.  Age related BSK is common and affects otherwise healthy cornea.  Metabolic conditions rarely associated with BSK include hypercalcaemia and chronic renal failure. Clinical features. It typically presents as a bandshaped opacity in the interpalpebral zone with a clear interval between the ends of the band and the limbus (Fig. 5.17). The condition begins at the periphery and gradually progresses towards the centre. The opacity is beneath the epithelium which usually remains intact. Surface of this opaque band is stippled due to holes in the calcium plaques in the area of nerve canals of Bowman's membrane. In later stages, transparent clefts due to cracks or tears in the calcium plaques may also be seen. Treatment. It consists of : 1. Chelation, i.e., chemical removal of deposited calcium salts is an effective treatment. First of all corneal epithelium is scraped under local anaesthesia. Then 0.01 molar solution of EDTA (chelating agent) is applied to the denuded cornea with the help of a cotton swab for about 10 minutes. This removes most of the deposited calcium. Pad and bandage is then applied for 23 days to allow the epithelium to regenerate.
 
 2. Phototherapeutic keratectomy (PTK) with excimer laser is very effective in clearing the cornea. 3. Keratoplasty may be performed when the band keratopathy is obscuring useful vision. Salzmann's nodular degeneration
 
 Etiology. This condition occurs in eyes with recurrent attacks of phlyctenular keratitis, rosacea keratitis and trachoma. The condition occurs more commonly in women and is usually unilateral. Pathogenesis. In Salzmann's nodular degeneration, raised hyaline plaques are deposited between epithelium and Bowman's membrane. There is associated destruction of Bowman's membrane and the adjacent stroma. Clinical features. Clinically, one to ten bluish white elevations (nodules), arranged in a circular fashion, are seen within the cornea. Patient may experience discomfort due to loss of epithelium from the surface of nodules. Visual loss occurs when nodules impinge on the central zone. Treatment is essentially by keratoplasty. Furrow degeneration (Senile marginal degeneration)
 
 In this condition thinning occurs at the periphery of cornea leading to formation of a furrow. In the presence of arcus senilis, the furrow occupies the area of lucid interval of Vogt. Thinning occurs due to fibrillar degeneration of the stroma. Patient develops defective vision due to induced astigmatism. Treatment is usually not necessary. Spheroid degeneration
 
 (Climatic droplet keratopathy/Labrador keratopathy/ Bietti's nodular dystrophy)/corneal elastosis. Etiology. It typically occurs in men who work outdoors, especially in hostile climates. Its occurrence has been related to exposure to ultraviolet rays and/ or ageing and /or corneal disease.
 
 Fig. 5.17. Band-shaped keratopathy in a patient with chronic uveitis.
 
 Clinical features. In this condition amber-coloured spheroidal granules (small droplets) accumulate at the level of Bowman's membrane and anterior stroma in the interpalpebral zone. In marked degeneration, the vision is affected.
 
 117
 
 DISEASES OF THE CORNEA
 
 Treatment in advanced cases is by corneal transplantation. Pellucid marginal degeneration
 
 It is characterised by corneal thinning involving the periphery of lower cornea. It induces marked astigmatism which is corrected by scleral type contact lenses. Terrien's marginal degeneration
 
 Terrien's marginal degeneration is non-ulcerative thinning of the marginal cornea. Clinical features are as follows : 1. Predominantly affects males usually after 40 years of age. 2. Mostly involves superior peripheral cornea. 3. Initial lesion is asymptomatic corneal opacification separated from limbus by a clear zone. 4. The lesion progresses very slowly over many years with thinning and superficial vascularization. Dense yellowish white deposits may be seen at the sharp leading edge. Patient experiences irritation and defective vision (due to astigmatism). Complications such as perforation (due to mild trauma) and pseudopterygia may develop. Treatment is non-specific. In severe thinning, a patch of corneal graft may be required.
 
 CORNEAL DYSTROPHIES Corneal dystrophies are inherited disorders in which the cells have some inborn defects due to which pathological changes may occur with passage of time leading to development of corneal haze in otherwise normal eyes that are free from inflammation or vascularization. There is no associated systemic disease. Dystrophies occur bilaterally, manifesting occasionally at birth, but more usually during first or second decade and sometimes even later in life. CLASSIFICATION
 
 Dystrophies are classified according to the anatomic site most severely (primarily) involved, as follows: I. Anterior dystrophies (superficial dystrophies), primarily affecting epithelium and Bowman's layer.
 
 1. Epithelial basement membrane dystrophy 2. Reis-Buckler's dystrophy. 3. Meesman's dystrophy. 4. Recurrent corneal erosion syndrome. 5. Stocker-Holt dystrophy. II. Stromal dystrophies 1. Granular (Groenouw's type I) dystrophy 2. Lattice dystrophy 3. Macular (Groenouw's type II) dystrophy 4. Crystalline (Schnyder's) dystrophy III. Posterior dystrophies, affecting primarily the corneal endothelium and Descemet's membrane. 1. Cornea guttata 2. Fuchs' epithelial-endothelial dystrophy (late hereditary endothelial dystrophy). 3. Posterior polymorphous dystrophy (of Schlichting). 4. Congenital hereditary endothelial dystrophy (CHED). I. ANTERIOR DYSTROPHIES Epithelial basement membrane dystrophy
 
 Also known as Cogan's microcystic dystrophy and map-dot finger print dystrophy, is the most common of all corneal dystrophies seen in working age adults. The typical lesions, involving corneal epithelium, are bilateral dot-like microcystic, or linear finger-print like opacities. Most cases are asymptomatic. However, about 10 percent patients develop recurrent corneal erosions and experience severe disabling pain. Treatment consists of patching with plain ointment for 1-2 days. The condition remits spontaneously, but can recur. Reis-Buckler dystrophy
 
 Also known as ring-shaped dystrophy (due to the typical lesion) primarily involving the Bowman's layer is a progressive corneal dystrophy occurring in childhood. It has got autosomal dominant inheritance. Most patients get frequent attacks of recurrent corneal erosions that usually result in diffuse anterior scarring. Treatment. In early cases is same as that of recurrent corneal erosions, i.e. by patching. However, most of the patients ultimately need lamellar or penetrating keratoplasty.
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 Meesman's dystrophy (Juvenile epithelial dystrophy)
 
 It is characterised by the presence of tiny epithelial cysts.The disease occurs in early life and has autosomal dominant inheritance. In most cases, condition is asymptomatic and does not require treatment. Recurrent corneal erosion syndrome
 
 It is often described as a type of dystrophy that typically follows trauma to cornea by finger nail or any other sharp edge. It has been shown that a lack of basement membrane and hemidesmosomes in the area of involvement, is the basic underlying cause. The condition is characterised by pain, photophobia, lacrimation and blurring of vision on awakening in the morning. Treatment. It consists of patching with plain ointment for 1-2 days. Hypertonic saline drops or ointment decrease attack of erosions by reducing epithelial oedema. Severe cases may be treated by scraping the whole epithelium followed by pressure patching.
 
 Lattice dystrophy
 
 Also known as 'Biber-Haab-Dimmer dystrophy. It is an autosomal dominant disease characterised by branching spider-like amyloid deposits forming an irregular lattice work in the corneal stroma, sparing the periphery. It appears at the age of 2 years, but the occurrence of recurrent erosions and progressive clouding of central cornea is apparent by the age of 20 years. Soon, visual acuity is impaired. Usually penetrating keratoplasty is required by the age of 3040 years. Schnyder's crystalline dystrophy
 
 It is an autosomal dominant dystrophy characterised by a round ring-shaped central corneal stromal opacity due to deposition of fine needle-like cholesterol crystals, which may be white to yellow or polychromatic in colour. The dystrophy appears in early infancy or at birth or sometimes in the first decade of life. It is slowly progressive and usually asymptomatic. III. POSTERIOR DYSTROPHIES
 
 Stocker-Holt dystrophy
 
 Cornea Guttata of vogt
 
 It is characterised by the presence of grey white dots and serpiginous lines between epithelium and Bowman's layer. The inheritance is autosomal dominant. The condition may occur at any age from one to seventy years.
 
 This condition is characterised by drop-like excrescences involving the entire posterior surface of Descemet's membrane. These are similar to HassalHenle bodies which represent the age change and are mainly found in the peripheral part. Cornea guttata may occur independently or as a part of early stage of Fuch's dystrophy. The condition usually occurs in old age and is more common in females than males. It rarely affects the vision and hence treatment is usually not required.
 
 II. STROMAL DYSTROPHIES Granular dystrophy
 
 Also known as 'Groenouw type I, is an autosomal dominant dystrophy characterised by milky-granular hyaline deposits in anterior stroma. Intervening stroma is clear. The condition developing in first decade of life is slowly progressive and usually asymptomatic. Occasionally visual acuity may be severely impaired, requiring keratoplasty. Macular dystrophy (Groenouw type-II)
 
 It is an autosomal recessive dystrophy characterised by appearance of dense grey opacity in the central cornea. The condition results due to accumulation of mucopolysaccharides owing to a local enzyme deficiency. It occurs in childhood (5 to 10 years) and leads to marked defective vision in early life, which usually requires penetrating keratoplasty.
 
 Fuch's epithelial-endothelial dystrophy
 
 Fuchs dystrophy is frequently seen as a slowly progressive bilateral condition affecting females more than males, usually between fifth and seventh decade of life. Primary open angle glaucoma is its common association. Clinical features can be divided into following four stages: 1. Stage of cornea guttata. It is characterised by the presence of Hassal-Henle type of excrescenses in the central part of cornea. A gradual increase of central guttae with peripheral spread and confluence gives rise to the so called 'beaten-metal' appearance. This stage is asymptomatic.
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 2. Oedematous stage or stage of endothelial decompensation is characterised by the occurrence of early stromal oedema and epithelial dystrophy. Patients complains of blurring vision. 3. Stage of bullous keratopathy. This stage follows long-standing stromal oedema and is characterised by marked epithelial oedema with formation of bullae, which when rupture cause pain, discomfort and irritation with associated decreased visual acuity. 4. Stage of scarring. In this stage epithelial bullae are replaced by scar tissue and cornea becomes opaque and vascularized. The condition may sometimes be complicated by occurrence of secondary infection or glaucoma. Treatment is as follows : 1. In early oedematous stage use of 5 percent sodium chloride (hypertonic saline) may be of some use. 2. Bandage soft contact lenses provide some relief from disturbing symptoms in bullous keratopathy stage. 3. Penetrating keratoplasty is the treatment of choice when the visual acuity is reduced markedly. Posterior polymorphous dystrophy
 
 It is a dominantly inherited dystrophy of endothelium and Descemet's membrane. It is characterised by lesions with variable appearance, such as vesicles, curvilinear lines or geographical opacities at the level of Descemet's membrane. The condition is very slowly progressive and thus usually asymptomatic. Corneal oedema sometimes may occur, requiring keratoplasty. Rarely it may be complicated by secondary glaucoma. Congenital hereditary endothelial dystrophy (CHED)
 
 This is a rare dystrophy associated with scanty or absent endothelial cells and thickened Descemet's membrane. The basic endothelial deficiency results in diffuse milky or ground glass opacification and marked thickening of corneal stroma. It may be inherited both dominantly and recessively.
 
 ECTATIC CONDITIONS OF CORNEA KERATOCONUS
 
 Keratoconus (conical cornea) (Fig. 5.18) is a noninflammatory bilateral (85%) ectatic condition of cornea in its axial part. It usually starts at puberty and progresses slowly. Etiopathogenesis. It is still not clear. Various theories proposed so far label it as developmental condition, degenerative condition, hereditary dystrophy and endocrine anomaly. Essential pathological changes are thinning and ectasia which occur as a result of defective synthesis of mucopolysaccharide and collagen tissue. Clinical features. Symptoms. Patient presents with a defective vision due to progressive myopia and irregular astigmatism, which does not improve fully despite full correction with glasses. Signs. Following signs may be elicited: 1. Window reflex is distorted. 2. Placido disc examination shows irregularity of the circles (Fig. 5.18B). 3. Keratometry depicts extreme malalignment of mires. 4. Photokeratoscopy reveals distortion of circles. 5. Slit lamp examination (Fig. 5.18C) may show thinning and ectasia of central cornea, opacity at the apex and Fleischer's ring at the base of cone, folds in Descemet's and Bowman's membranes. Very fine, vertical, deep stromal striae (Vogt lines) which disappear with external pressure on the globe are peculiar feature. 6. On retinoscopy a yawning reflex (scissor reflex) and high oblique or irregular astigmatism is obtained. 7. On distant direct ophthalmoscopy an annular dark shadow (due to total internal reflection of light) is seen which separates the central and peripheral areas of cornea (oil droplet reflex). 8. Munson's sign, i.e. localised bulging of lower lid when patient looks down is positive in late stages. Morphological classification. Depending upon the size and shape of the cone. the keratoconus is of three types:  Nipple cone has a small size (6 mm) and globe like. Complications. Keratoconus may be complicated by development of acute hydrops due to rupture of Descemet's membrane. The condition is characterised by sudden development of corneal oedema associated with marked defective vision, pain, photophobia and lacrimation. Associations. Keratoconus may be associated with :  Ocular conditions e.g. ectopia lentis, congenital cataract, aniridia, retinitis pigmentosa, and vernal keratoconjunctivitis (VKC). 
 
 Normal cornea is a transparent structure. Any condition which upsets its anatomy or physiology causes loss of its transparency to some degree. Common causes of loss of corneal transparency are:  Corneal oedema  Drying of cornea  Depositions on cornea  Inflammations of cornea  Corneal degenerations  Dystrophies of cornea  Vascularization of cornea  Scarring of cornea (corneal opacities) Most of the conditions responsible for decreased transparency of cornea have been described earlier. However, some important symptomatic conditions of
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 the cornea such as corneal oedema, corneal opacity and vascularization of cornea are described here. CORNEAL OEDEMA
 
 The water content of normal cornea is 78 percent. It is kept constant by a balance of factors which draw water in the cornea (e.g., intraocular pressure and swelling pressure of the stromal matrix = 60 mm of Hg) and the factors which draw water out of cornea (viz. the active pumping action of corneal endothelium, and the mechanical barrier action of epithelium and endothelium). Disturbance of any of the above factors leads to corneal oedema, wherein its hydration becomes above 78 percent, central thickness increases and transparency reduces. Causes of corneal oedema
 
 1. Raised intraocular pressure 2. Endothelial damage i. Due to injuries, such as birth trauma (forceps delivery), surgical trauma during intraocular operation, contusion injuries and penetrating injuries. ii. Endothelial damage associated with corneal dystrophies such as, Fuchs dystrophy, congenital hereditary endothelial dystrophy and posterior polymorphous dystrophy. iii. Endothelial damage secondary to inflammations such as uveitis, endophthalmitis and corneal graft infection. 3. Epithelial damage due to : i. mechanical injuries ii. chemical burns iii. radiational injuries Clinical features
 
 Initially there occurs stromal haze with reduced vision. In long-standing cases with chronic endothelial failure (e.g., in Fuch's dystrophy) there occurs permanent oedema with epithelial vesicles and bullae formation (bullous keratopathy). This is associated with marked loss of vision, pain, discomfort and photophobia, due to periodic rupture of bullae. Treatment
 
 1. Treat the cause wherever possible, e.g., raised IOP and ocular inflammations. 2. Dehydration of cornea may be tried by use of:
 
 i. Hypertonic agents e.g., 5 percent sodium chloride drops or ointments or anhydrous glycerine may provide sufficient dehydrating effect. ii. Hot forced air from hair dryer may be useful. 3. Therapeutic soft contact lenses may be used to get relief from discomfort of bullous keratopathy. 4. Penetrating keratoplasty is required for longstanding cases of corneal oedema, non-responsive to conservative therapy. CORNEAL OPACITIES
 
 The word 'corneal opacification' literally means loss of normal transparency of cornea, which can occur in many conditions. Therefore, the term 'corneal opacity' is used particularly for the loss of transparency of cornea due to scarring. Causes
 
 1. Congenital opacities may occur as developmental anomalies or following birth trauma. 2. Healed corneal wounds. 3. Healed corneal ulcers. Clinical features
 
 A corneal opacity may produce loss of vision (when dense opacity covers the pupillary area) or blurred vision (due to astigmatic effect). Types of corneal opacity Depending on the density, corneal opacity is graded as nebula, macula and leucoma. 1. Nebular corneal opacity. It is a faint opacity which results due to superficial scars involving Bowman's layer and superficial stroma (Figs. 5.19A and 5.20A). A thin, diffuse nebula covering the pupillary area interferes more with vision than the localised leucoma away from pupillary area. Further, the nebula produces more discomfort to patient due to blurred image owing to irregular astigmatism than the leucoma which completely cuts off the light rays. 2. Macular corneal opacity. It is a semi-dense opacity produced when scarring involves about half the corneal stroma (Figs. 5.19B and 5.20B). 3. Leucomatous corneal opacity (leucoma simplex). It is a dense white opacity which results due to scarring of more than half of the stroma (Figs. 5.19C and 5.20C).
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 4. Adherent leucoma: It results when healing occurs after perforation of cornea with incarceration of iris (Figs. 5.19D and 5.20D). 5. Corneal facet. Sometimes the corneal surface is depressed at the site of healing (due to less fibrous tissue); such a scar is called facet. 6. Kerectasia. In this condition corneal curvature is increased at the site of opacity (bulge due to weak scar). 7. Anterior staphyloma. An ectasia of psuedocornea (the scar formed from organised exudates and fibrous tissue covered with epithelium) which results after total sloughing of cornea, with iris plastered behind it is called anterior staphyloma (Figs. 5.21 A and B). Secondary changes in corneal opacity which may be seen in long-standing cases include: hyaline degeneration, calcareous degeneration, pigmentation and atheromatous ulceration. Treatment
 
 1. Optical iridectomy. It may be performed in cases with central macular or leucomatous corneal opacities, provided vision improves with pupillary dilatation. 2. Keratoplasty provides good visual results in uncomplicated cases with corneal opacities, where optical iridectomy is not of much use. 3. Phototherapeutic keratectomy (PTK) performed with excimer laser is useful in superficial (nebular) corneal opacities.
 
 4. Cosmetic coloured contact lens gives very good cosmetic appearance in an eye with ugly scar having no potential for vision. Presently, this is considered the best option, even over and above the tatooing for cosmetic purpose. 5. Tattooing of scar. It was performed for cosmetic purposes in the past. It is suitable only for firm scars in a quiet eye without useful vision. For tattooing Indian black ink, gold or platinum may be used. To perform tattooing, first of all, the epithelium covering the opacity is removed under topical anaesthesia (2 percent or 4 percent xylocaine). Then a piece of blotting paper of the same size and shape, soaked in 4 percent gold chloride (for brown colour) or 2 percent platinum chloride (for dark colour) is applied over it. After 2-3 minutes the piece of filter paper is removed and a few drops of freshly prepared hydrazine hydrate (2 percent) solution are poured over it. Lastly, eye is irrigated with normal saline and patched after instilling antibiotic and atropine eye ointment. Epithelium grows over the pigmented area. VASCULARIZATION OF CORNEA
 
 Normal cornea is avascular except for small capillary loops which are present in the periphery for about 1 mm. In pathological states, it can be invaded by vessels as a defence mechanism against the disease or injury. However, vascularization interferes with corneal transparency and occasionally may be a source of irritation.
 
 Fig. 5.19. Diagramatic depiction of corneal opacity: A, nebular; B, macular; C, leucomatous; D, adherent leucoma.
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 A
 
 B
 
 C
 
 D
 
 Fig. 5.20. Clinical photographs of corneal opacity: A, Nebular; B, Macular; C, Leucomatous; D, Adherent leucoma.
 
 B
 
 Fig. 5.21. Anterior staphyloma : A, diagrammatic cross-section; B, clinical photograph.
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 Pathogenesis
 
 Pathogenesis of corneal vascularization is still not clear. It is presumed that mechanical and chemical factors play a role. Vascularization is normally prevented by the compactness of corneal tissue. Probably due to some vasoformative stimulus (chemical factor) released during pathological states, there occurs proliferation of vessels which invade from the limbus; when compactness of corneal tissue is loosened (mechanical factor) due to oedema (which may be traumatic, inflammatory, nutritional, allergic or idiopathic in nature). Clinico-etiological features
 
 Clinically, corneal vascularization may be superficial or deep. 1. Superficial corneal vascularization. In it vessels are arranged usually in an arborising pattern, present below the epithelial layer and their continuity can be traced with the conjunctival vessels (Fig. 5.22A). Common causes of superficial corneal vascularization are: trachoma, phlyctenular kerato-conjunctivitis, superficial corneal ulcers and rosacea keratitis. Pannus. When extensive superficial vascularization is associated with white cuff of cellular infiltration, it is termed as pannus. In progressive pannus, corneal infiltration is ahead of vessels while in regressive pannus it lags behind. 2. Deep vascularization. In it the vessels are generally derived from anterior ciliary arteries and lie in the corneal stroma. These vessels are usually straight, not anastomosing and their continuity cannot be traced beyond the limbus. Deep vessels may be arranged as terminal loops (Fig. 5.22B), brush (Fig. 5.22C), parasol, umbel (Fig. 5.22 D), network or interstitial arcade. Common causes of deep vascularization are: interstitial keratitis, disciform keratitis, deep corneal ulcer, chemical burns and sclerosing keratitis and grafts. Treatment
 
 Treatment of corneal vascularization is usually unsatisfactory. Vascularization may be prevented by timely and adequate treatment of the causative conditions. Corticosteroids may have vasoconstrictive and suppressive effect on permeability of
 
 Fig. 5.22. Corneal vascularization : A, superficial B, terminal loop type C, brush type D, umbel type
 
 capillaries. Application of irradiation is more useful in superficial than the deep vascularization. Surgical treatment in the form of peritomy may be employed for superficial vascularization.
 
 KERATOPLASTY Keratoplasty, also called corneal grafting or corneal transplantation, is an operation in which the patient's diseased cornea is replaced by the donor's healthy clear cornea. Types
 
 1. Penetrating keratoplasty (full-thickness grafting) 2. Lamellar keratoplasty (partial-thickness grafting). Indications
 
 1. Optical, i.e., to improve vision. Important indications are: corneal opacity, bullous keratopathy, corneal dystrophies, advanced keratoconus. 2. Therapeutic, i.e., to replace inflamed cornea not responding to conventional therapy. 3. Tectonic graft, i.e., to restore integrity of eyeball e.g. after corneal perforation and in marked corneal thinning.
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 4. Cosmetic, i.e., to improve the appearance of the eye. Donor tissue
 
 The donor eye should be removed as early as possible (within 6 hours of death). It should be stored under sterile conditions. Evaluation of donor cornea. Biomicroscopic examination of the whole globe, before processing the tissue for media stroage, is very important. The donor corneal tissue is graded into excellent, very good, good, fair, and poor depending upon the condition of corneal epithelium, stroma, Descemet's membrane and endothelium (Table 5.1). Methods of corneal preservation
 
 1. Short-term storage (up to 48 hours). The whole globe is preserved at 4oC in a moist chamber. 2. Intermediate storage (up to 2 weeks) of donor cornea can be done in McCarey-Kaufman (MK) medium and various chondroitin sulfate enriched media such as optisol medium. 3. Long-term storage up to 35 days is done by organ culture method.
 
 Surgical technique
 
 1. Excision of donor corneal button (Fig. 5.23A). The donor corneal button should be cut 0.25 mm larger than the recipient, taking care not to damage the endothelium. 2. Excision of recipient corneal button. With the help of a corneal trephine (7.5 mm to 8 mm in size) a partial thickness incision is made in the host cornea (Fig. 5.23B). Then, anterior chamber is entered with the help of a razor blade knife and excision is completed using corneo-scleral scissors (Fig. 5.23C). 3. Suturing of corneal graft into the host bed (Fig. 5.23D) is done with either continuous (Fig. 5.23E) or interrupted (Fig. 5.23F) 10-0 nylon sutures. Complications
 
 1. Early complications. These include flat anterior chamber, iris prolapse, infection, secondary glaucoma, epithelial defects and primary graft failure. 2. Late complications. These include graft rejection, recurrence of disease and astigmatism.
 
 Table 5.1 : Grading of donor cornea on slit-lamp biomicroscopic examination Grade of donor corneal tissue Parameter
 
 Grade I (Excellent)
 
 Grade II (Very good)
 
 Grade III (Good)
 
 Epithelial defects
 
 None
 
 Slight epithelial
 
 Obvious moderate
 
 haze or defects
 
 epithelial defects
 
 Clear
 
 and haze
 
 Corneal stromal
 
 Crystal clear
 
 clarity
 
 Arcus senilis
 
 None
 
 Slight
 
 Grade IV (Fair)
 
 Grade V (Poor)
 
 Slight
 
 Moderate
 
 Marked
 
 cloudiness
 
 cloudiness
 
 cloudiness
 
 Moderate
 
 Heavy
 
 Very heavy
 
 (2.5mm-4mm)
 
 (>4 mm)
 
 Descemet's
 
 No
 
 Few shallow
 
 Numerous shallow
 
 Numerous deep
 
 Marked deep
 
 membrane
 
 folds
 
 folds
 
 folds
 
 folds
 
 folds
 
 Endothelium
 
 No defect
 
 No defect
 
 Few vacuolated
 
 Moderate
 
 Marked
 
 cells
 
 guttate
 
 guttate
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 Fig. 5.23. Technique of keratoplasty : A, excision of donor corneal button; B & C, excision of recipient corneal button; D, suturing of donor button into recipient's bed; E, showing pattern of continuous sutures in keratoplasty; F, Clinical photograph of a patient with interrupted sutures in keratoplasty.
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 Diseases of the Sclera
 
 APPLIED ANATOMY INFLAMMATIONS OF THE SCLERA  
 
 Episcleritis Scleritis – Anterior – Posterior
 
 APPLIED ANATOMY Sclera forms the posterior five-sixth opaque part of the external fibrous tunic of the eyeball. Its whole outer surface is covered by Tenon's capsule. In the anterior part it is also covered by bulbar conjunctiva. Its inner surface lies in contact with choroid with a potential suprachoroidal space in between. In its anterior most part near the limbus there is a furrow which encloses the canal of Schlemm. Thickness of sclera varies considerably in different individuals and with the age of the person. It is generally thinner in children than the adults and in females than the males. Sclera is thickest posteriorly (1mm) and gradually becomes thin when traced anteriorly. It is thinnest at the insertion of extraocular muscles (0.3 mm). Lamina cribrosa is a sieve-like sclera from which fibres of optic nerve pass. Apertures. Sclera is pierced by three sets of apertures (Fig. 6.1). 1. Posterior apertures are situated around the optic nerve and transmit long and short ciliary nerves and vessels. 2. Middle apertures (four in number) are situated slightly posterior to the equator; through these pass the four vortex veins (vena verticosae). 3. Anterior apertures are situated 3 to 4 mm away from the limbus. Anterior ciliary vessels pass through these apertures.
 
 BLUE SCLERA STAPHYLOMAS  Anterior  Intercalary  Ciliary  Equatorial  Posterior
 
 Microscopic structure. Histologically, sclera consists of following three layers: 1. Episcleral tissue. It is a thin, dense vascularised layer of connective tissue which covers the sclera proper. Fine fibroblasts, macrophages and lymphocytes are also present in this layer. 2. Sclera proper. It is an avascular structure which consists of dense bundles of collagen fibres. The bands of collagen tissue cross each other in all directions.
 
 Fig. 6.1. Apertures in the sclera. (posterior view) for: SCN, short ciliary nerve; SPCA, short posterior ciliary artery; LPCA, long posterior ciliary artery; VC, vena verticosa
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 3. Lamina fusca. It is the innermost part of sclera which blends with suprachoroidal and supraciliary laminae of the uveal tract. It is brownish in colour owing to the presence of pigmented cells. Nerve supply. Sclera is supplied by branches from the long ciliary nerves which pierce it 2-4 mm from the limbus to form a plexus.
 
 INFLAMMATIONS OF THE SCLERA EPISCLERITIS
 
 Episcleritis is benign recurrent inflammation of the episclera, involving the overlying Tenon's capsule but not the underlying sclera. It typically affects young adults, being twice as common in women than men.
 
 situated 2-3 mm away from the limbus (Fig. 6.2B). The nodule is firm, tender and the overlying conjunctiva moves freely. Clinical course. Episcleritis runs a limited course of 10 days to 3 weeks and resolves spontaneously. However, recurrences are common and tend to occur in bouts. Rarely, a fleeting type of disease (episcleritis periodica) may occur. Differential diagnosis
 
 Occasionally episcleritis may be confused with inflamed pinguecula, swelling and congestion due to foreign body lodged in bulbar conjunctiva and very rarely with scleritis.
 
 Etiology  
 
 
 
 Exact etiology is not known. It is found in association with gout, rosacea and psoriasis. It has also been considered a hypersensitivity reaction to endogenous tubercular or streptococcal toxins.
 
 Pathology
 
 Histologically, there occurs localised lymphocytic infiltration of episcleral tissue associated with oedema and congestion of overlying Tenon's capsule and conjunctiva.
 
 A
 
 Clinical picture
 
 Symptoms. Episcleritis is characterised by redness, mild ocular discomfort described as gritty, burning or foreign body sensation. Many a time it may not be accompanied by any discomfort at all. Rarely, mild photophobia and lacrimation may occur. Signs. On examination two clinical types of episcleritis, diffuse (simple) and nodular may be recognised. Episclera is seen acutely inflamed in the involved area.  In diffuse episcleritis, although whole eye may be involved to some extent, the maximum inflammation is confined to one or two quadrants (Fig. 6.2A).  In nodular episcleritis, a pink or purple flat nodule surrounded by injection is seen, usually
 
 B Fig. 6.2. Episcleritis: A, Diffuse; B, Nodular.
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 Treatment
 
 1. Topical corticosteroid eyedrops instilled 2-3 hourly, render the eye more comfortable and resolve the episcleritis within a few days. 2. Cold compresses applied to the closed lids may offer symptomatic relief from ocular discomfort. 3. Systemic non-steroidal anti-inflammatory drugs (NSAIDs) such as flurbiprofen (300 mg OD), indomethacin (25 mg three times a day), or oxyphenbutazone may be required in recurrent cases. SCLERITIS
 
 Scleritis refers to a chronic inflammation of the sclera proper. It is a comparatively serious disease which may cause visual impairment and even loss of the eye if treated inadequately. Fortunately, its incidence is much less than that of episcleritis. It usually occurs in elderly patients (40-70 years) involving females more than the males. Etiology
 
 It is found in association with multiple conditions which are as follows: 1. Autoimmune collagen disorders, especially rheumatoid arthritis, is the most common association. Overall about 5% cases of scleritis are associated with some connective tissue disease. About 0.5 percent of patients (1 in 200) suffering from seropositive rheumatoid arthritis develop scleritis. Other associated collagen disorders are Wegener's granulomatosis, polyarteritis nodosa (PAN), systemic lupus erythematosus (SLE) and ankylosing spondylitis. 2. Metabolic disorders like gout and thyrotoxicosis have also been reported to be associated with scleritis. 3. Some infections, particularly herpes zoster ophthalmicus, chronic staphylococcal and streptococcal infection have also been known to cause scleritis. 4. Granulomatous diseases like tuberculosis, syphilis, sarcoidosis, leprosy can also cause scleritis. 5. Miscellaneous conditions like irradiation, chemical burns, Vogt-Koyanagi-Harada syndrome, Behcet's disease and rosacea are also implicated in the etiology.
 
 6. Surgically induced scleritis follows ocular surgery. It occurs within 6 month postoperatively. Exact mechanism not known, may be precipitation of underlying systemic cause. 7. Idiopathic. In many cases cause of scleritis is unknown. Pathology
 
 Histopathological changes are that of a chronic granulomatous disorder characterised by fibrinoid necrosis, destruction of collagen together with infiltration by polymorphonuclear cells, lymphocytes, plasma cells and macrophages. The granuloma is surrounded by multinucleated epitheloid giant cells and old and new vessels, some of which may show evidence of vasculitis. Classification
 
 It can be classified as follows: I. Anterior scleritis (98%) 1. Non-necrotizing scleritis (85%) (a) Diffuse (b) Nodular 2. Necrotizing scleritis (13%) (a) with inflammation (b) without inflammation (scleromalacia perforans) II. Posterior scleritis (2%) Clinical features
 
 Symptoms. Patients complain of moderate to severe pain which is deep and boring in character and often wakes the patient early in the morning . Ocular pain radiates to the jaw and temple. It is associated with localised or diffuse redness, mild to severe photophobia and lacrimation. Occasionally there occurs diminution of vision. Signs. The salient features of different clinical types of scleritis are as follows: 1. Non-necrotizing anterior diffuse scleritis. It is the commonest variety, characterised by widespread inflammation involving a quadrant or more of the anterior sclera. The involved area is raised and salmon pink to purple in colour (Fig. 6.3). 2. Non-necrotizing anterior nodular scleritis. It is characterised by one or two hard, purplish elevated scleral nodules, usually situated near the limbus (Fig. 6.4). Sometimes, the nodules are arranged in a ring around the limbus (annular scleritis).
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 3. Anterior necrotizing scleritis with inflammation. It is an acute severe form of scleritis characterised by intense localised inflammation associated with areas of infarction due to vasculitis (Fig. 6.5). The affected necrosed area is thinned out and sclera becomes transparent and ectatic with uveal tissue shining through it. It is usually associated with anterior uveitis.
 
 Fig. 6.3. Non-necrotizing anterior diffuse scleritis.
 
 4. Anterior necrotizing scleritis without inflammation (scleromalacia perforans). This specific entity typically occurs in elderly females usually suffering from long-standing rheumatoid arthritis. It is characterised by development of yellowish patch of melting sclera (due to obliteration of arterial supply); which often together with the overlying episclera and conjunctiva completely separates from the surrounding normal sclera. This sequestrum of sclera becomes dead white in colour, which eventually absorbs leaving behind it a large punched out area of thin sclera through which the uveal tissue shines (Fig. 6.6). Spontaneous perforation is extremely rare. 5. Posterior scleritis. It is an inflammation involving the sclera behind the equator. The condition is frequently misdiagnosed. It is characterised by features of associated inflammation of adjacent structures, which include: exudative retinal detachment, macular oedema, proptosis and limitation of ocular movements.
 
 Fig. 6.4. Non-necrotizing anterior nodular scleritis.
 
 Complications
 
 These are quite common with necrotizing scleritis and include sclerosing keratitis, keratolysis, complicated cataract and secondary glaucoma.
 
 Fig. 6.5. Anterior necrotizing scleritis with inflammation.
 
 Fig. 6.6. Anterior necrotizing scleritis without inflammation (Scleromalacia perforans).
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 Investigations
 
 Following laboratory studies may be helpful in identifying associated systemic diseases or in establishing the nature of immunologic reaction: 1. TLC, DLC and ESR 2. Serum levels of complement (C3), immune complexes, rheumatoid factor, antinuclear antibodies and L.E cells for an immunological survey. 3. FTA - ABS, VDRL for syphilis. 4. Serum uric acid for gout. 5. Urine analysis. 6. Mantoux test. 7. X-rays of chest, paranasal sinuses, sacroiliac joint and orbit to rule out foreign body especially in patients with nodular scleritis.
 
 to thinning (Fig. 6.7). It is a typical association of osteogenesis imperfecta. Its other causes are Marfan's syndrome, Ehlers-Danlos syndrome, pseudoxanthoma elasticum, buphthalmos, high myopia and healed scleritis.
 
 STAPHYLOMAS Staphyloma refers to a localised bulging of weak and thin outer tunic of the eyeball (cornea or sclera), lined by uveal tissue which shines through the thinned out fibrous coat. Types
 
 Anatomically it can be divided into anterior, intercalary, ciliary, equatorial and posterior staphyloma (Fig. 6.8).
 
 Treatment
 
 (A) Non-necrotising scleritis. It is treated by topical steroid eyedrops and systemic indomethacin 100 mg daily for a day and then 75 mg daily until inflammation resolves. (B) Necrotising scleritis. It is treated by topical steroids and heavy doses of oral steroids tapered slowly. In non-responsive cases, immuno-suppressive agents like methotrexate or cyclophos-phamide may be required. Subconjunctival steroids are contraindicated because they may lead to scleral thinning and perforation. BLUE SCLERA
 
 It is an asymptomatic condition characterised by marked, generalised blue discolouration of sclera due
 
 Fig. 6.8. Staphylomas (diagramatic depiction) : A, intercalary; B, ciliary; C, equatorial; D, posterior.
 
 Fig. 6.7. Blue sclera.
 
 1. Anterior staphyloma. (see page 122) 2. Intercalary staphyloma. It is the name given to the localised bulge in limbal area lined by root of iris (Figs. 6.8A and 6.9). It results due to ectasia of weak scar tissue formed at the limbus, following healing of a perforating injury or a peripheral corneal ulcer. There may be associated secondary angle closure glaucoma,
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 which may cause progression of bulge if not treated. Defective vision occurs due to marked corneal astigmatism.
 
 Fig. 6.9. Intercalary staphyloma.
 
 Fig. 6.10. Ciliary staphyloma.
 
 Treatment consists of localised staphylectomy under heavy doses of oral steroids. 3. Ciliary staphyloma. As the name implies, it is the bulge of weak sclera lined by ciliary body. It occurs about 2-3 mm away from the limbus (Figs. 6.8B and 6.10). Its common causes are thinning of sclera following perforating injury, scleritis and absolute glaucoma. 4. Equatorial staphyloma. It results due to bulge of sclera lined by the choroid in the equatorial region (Fig. 6.8C). Its causes are scleritis and degeneration of sclera in pathological myopia. It occurs more commonly at the regions of sclera which are perforated by vortex veins. 5. Posterior staphyloma. It refers to bulge of weak sclera lined by the choroid behind the equator (Fig. 6.8D). Here again the common causes are pathological myopia, posterior scleritis and perforating injuries. It is diagnosed on ophthalmoscopy. The area is
 
 excavated with retinal vessels dipping in it (just like marked cupping of optic disc in glaucoma) (Fig. 6.11). Its floor is focussed with minus number lenses in ophthalmo-scope as compared to its margin.
 
 Fig. 6.11. Fundus photograph showing excavation of retinal tissue in posterior staphyloma.
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 Diseases of the Uveal Tract
 
 APPLIED ANATOMY  Iris  Ciliary body  Choroid CONGENITAL ANOMALIES INFLAMMATIONS (UVEITIS)  General considerations  Anterior uveitis  Posterior uveitis  Endophthalmitis and Panophthalmitis
 
 APPLIED ANATOMY Uveal tissue constitutes the middle vascular coat of the eyeball. From anterior to posterior it can be divided into three parts, namely, iris, ciliary body and choroid. However, the entire uveal tract is developmentally, structurally and functionally one indivisible structure.
 
 
 
 Specific clinico-etiological types of uveitis
 
 DEGENERATIVE CONDITIONS  of iris  of choroid TUMOURS  of choroid  of ciliary body  of iris
 
 iris is missing. Crypts are arranged in two rows —the peripheral present near the iris root and the central present near the collarette. 2. Pupillary zone. This part of the iris lies between the collarette and pigmented pupillary frill and is relatively smooth and flat. Microscopic structure (Fig. 7.2) . The iris consists of four layers which from anterior to posterior are :
 
 THE IRIS
 
 Iris is the anterior most part of the uveal tract. It is a thin circular disc corresponding to the diaphragm of a camera. In its centre is an aperture of about 4-mm diameter called pupil which regulates the amount of light reaching the retina. At the periphery, the iris is attached to the middle of anterior surface of the ciliary body. It divides the space between the cornea and lens into anterior and posterior chambers. Macroscopic appearance. Anterior surface of the iris can be divided into a ciliary zone and a pupillary zone by a zigzag line called collarette (Fig. 7.1). 1. Ciliary zone. It presents series of radial streaks due to underlying radial blood vessels and crypts which are depressions where superficial layer of
 
 Fig. 7.1. Macroscopic appearance of anterior surface of iris.
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 1. Anterior limiting layer. It is the anterior most condensed part of the stroma. It consists of melanocytes and fibroblasts. Previously this layer was called endothelial layer of iris which was a misnomer. This layer is deficient in the areas of crypts. The definitive colour of the iris depends on this layer. In blue iris this layer is thin and contains few pigment cells. While in brown iris it is thick and densely pigmented. 2. Iris stroma. It consists of loosely arranged collagenous network in which are embedded the sphincter pupillae muscle, dilator pupillae muscle, vessels, nerves, pigment cells and other cells which include lymphocytes, fibroblasts, macrophages and mast cells.  The sphincter pupillae muscle forms one millimetre broad circular band in the pupillary part of the iris. It is supplied by parasympathetic fibres through third nerve. It constricts the pupil.  The dilator pupillae muscle lies in the posterior part of stroma of the ciliary zone of iris. Its myofilaments are located in the outer part of the cells of anterior pigment epithelial layer. It is supplied by cervical sympathetic nerves and dilates the pupil. 3. Anterior epithelial layer. It is anterior continuation of the pigment epithelium of retina
 
 and ciliary body. This layer gives rise to the dilator pupillae muscle. 4. The posterior pigmented epithelial layer. It is anterior continuation of the non-pigmented epithelium of ciliary body. At the pupillary margin it forms the pigmented frill and becomes continuous with the anterior pigmented epithelial layer. CILIARY BODY
 
 Ciliary body is forward continuation of the choroid at ora serrata. In cut-section, it is triangular in shape. The anterior side of the triangle forms the part of the angle of anterior and posterior chambers. In its middle the iris is attached. The outer side of the triangle lies against the sclera with a suprachoroidal space in between. The inner side of the triangle is divided into two parts. The anterior part (about 2 mm) having finger-like ciliary processes is called pars plicata and the posterior smooth part (about 4 mm) is called pars plana (Fig. 7.2). Microscopic structure (Fig. 7.2). From without inwards ciliary body consists of following five layers: 1. Supraciliary lamina. It is the outermost condensed part of the stroma and consists of pigmented collagen fibres. Posteriorly, it is the continuation of suprachoroidal lamina and anteriorly it becomes continuous with the anterior limiting membrane of iris.
 
 Fig. 7.2. Microscopic structure of the iris and ciliary body.
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 2. Stroma of the ciliary body. It consists of connective tissue of collagen and fibroblasts. Embedded in the stroma are ciliary muscle, vessels, nerves, pigment and other cells. Ciliary muscle occupies most of the outer part of ciliary body. In cut section it is triangular in shape. It is a non-striated muscle having three parts: (i) the longitudinal or meridional fibres which help in aqueous outflow; (ii) the circular fibres which help in accommodation; and (iii) the radial or oblique fibres act in the same way as the longitudinal fibres. Ciliary muscle is supplied by parasympathetic fibres through the short ciliary nerves. 3. Layer of pigmented epithelium. It is the forward continuation of the retinal pigment epithelium. Anteriorly it is continuous with the anterior pigmented epithelium of the iris. 4. Layer of non-pigmented epithelium. It consists mainly of low columnar or cuboidal cells, and is the forward continuation of the sensory retina. It continues anteriorly as the posterior (internal) pigmented epithelium of the iris. 5. Internal limiting membrane. It is the forward continuation of the internal limiting membrane of the retina. It lines the non-pigmented epithelial layers. Ciliary processes. These are finger-like projections from the pars plicata part of the ciliary body. These are about 70-80 in number. Each process is about 2-mm long and 0.5-mm in diameter. These are white in colour. Structure. Each process is lined by two layers of epithelial cells. The core of the ciliary process contains blood vessels and loose connective tissue. These processes are the site of aqueous production. Functions of ciliary body. (i) Formation of aqueous humour. (ii) Ciliary muscles help in accommodation. CHOROID
 
 Choroid is the posterior most part of the vascular coat of the eyeball. It extends from the optic disc to ora serrata. Its inner surface is smooth, brown and lies in contact with pigment epithelium of the retina. The outer surface is rough and lies in contact with the sclera. Microscopic structure (Fig. 7.3). From without inwards choroid consists of following three layers:
 
 Fig. 7.3. Microscopic structure of the choroid.
 
 1. Suprachoroidal lamina. It is a thin membrane of condensed collagen fibres, melanocytes and fibroblasts. It is continuous anteriorly with the supraciliary lamina. The potential space between this membrane and sclera is called suprachoroidal space which contains long and short posterior ciliary arteries and nerves. 2. Stroma of the choroid. It consists of loose collagenous tissue with some elastic and reticulum fibres. It also contains pigment cells and plasma cells. Its main bulk is formed by vessels which are arranged in three layers. From without inwards these are: (i) layer of large vessels (Haller’s layer), (ii) layer of medium vessels (Sattler’s layer) and (iii) layer of choriocapillaris which nourishes the outer layers of the retina. 3. Basal lamina. It is also called Bruch’s membrane and lines the layer of choriocapillaris. It lies in approximation with pigment epithelium of the retina. Blood supply of the uveal tract
 
 Arterial supply. The uveal tract is supplied by three sets of arteries (Fig. 7.4): 1. Short posterior ciliary arteries. These arise as two trunks from the ophthalmic artery; each trunk divides into 10-20 branches which pierce the sclera around the optic nerve and supply the choroid in a segmental manner. 2. Long posterior ciliary arteries. These are two in number, nasal and temporal. These pierce the sclera obliquely on medial and lateral side of the optic nerve and run forward in the suprachoroidal space to reach the ciliary muscle, without giving any branch. At the anterior end of ciliary muscle these anastomose with each other and with the anterior ciliary arteries; and gives branches which supply the ciliary body.
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 Fig. 7.4. Blood supply of the uveal tract.
 
 3. Anterior ciliary arteries. These are derived from the muscular branches of ophthalmic artery. These are 7 in number; 2 each from arteries of superior rectus, inferior rectus, and medial rectus muscle and one from that of lateral rectus muscle. These arteries pass anteriorly in the episclera, give branches to sclera, limbus and conjunctiva; and ultimately pierce the sclera near the limbus to enter the ciliary muscle; where they anastomose with the two long posterior ciliary arteries to form the circulus arteriosus major, near the root of iris. Several branches arise from the circulus arteriosus major and supply the ciliary processes
 
 (one branch for each process). Similarly, many branches from this major arterial circle run radially through the iris towards pupillary margin, where they anastomose with each other to form circulus arteriosus minor. Venous drainage. A series of small veins which drain blood from the iris, ciliary body and choroid join to form the vortex veins. The vortex veins are four in number–superior temporal, inferior temporal, superior nasal and inferior nasal. They pierce the sclera behind the equator and drain into superior and inferior ophthalmic veins which in turn drain into the cavernous sinus.
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 CONGENITAL ANOMALIES OF UVEAL TRACT HETEROCHROMIA OF IRIS
 
 It refers to variations in the iris colour and is a common congenital anomaly. In heterochromia iridium colour of one iris differs from the other. Sometimes, one sector of the iris may differ from the remainder of iris; such a condition is called heterochromia iridis. Congenital heterochromia must be differentiated from the acquired heterochromia seen in heterochromic cyclitis, siderosis and malignant melanoma of iris.
 
 CONGENITAL COLOBOMA OF THE UVEAL TRACT
 
 Congenital coloboma (absence of tissue) of iris (Fig. 7.6), ciliary body and choroid (Fig. 7.7) may be seen in association or independently. Coloboma may be typical or atypical.
 
 CORECTOPIA
 
 It refers to abnormally eccentric placed pupil. Normally pupil is placed slightly nasal to the centre. POLYCORIA
 
 In this condition, there are more than one pupil. Fig. 7.6. Typical coloboma of the iris.
 
 CONGENITAL ANIRIDIA (IRIDREMIA)
 
 It refers to congenital absence of iris. True aniridia, i.e., complete absence of the iris is extremely rare. Usually, a peripheral rim of iris is present and this condition is called ‘Clinical aniridia'. Zonules of the lens and ciliary processes are often visible. The condition is usually familial and may be associated with glaucoma due to angle anomalies. PERSISTENT PUPILLARY MEMBRANE
 
 It represents the remnants of the vascular sheath of the lens. It is characterised by stellate-shaped shreds of the pigmented tissue coming from anterior surface of the iris (attached at collarette) (Fig. 7.5). These float freely in the anterior chamber or may be attached to the anterior surface of the lens. Fig. 7.7. Coloboma of the choroid.
 
 Typical coloboma is seen in the inferonasal quadrant and occurs due to defective closure of the embryonic fissure.  Atypical coloboma is occasionally found in other positions. Complete coloboma extends from pupil to the optic nerve, with a sector-shaped gap occupying about one-eighth of the circumference of the retina, choroid, ciliary body, iris, and causing a corresponding indentation of the lens where the zonular fibres are missing. 
 
 Fig. 7.5. Persistent pupillary membrane.
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 UVEITIS GENERAL CONSIDERATIONS The term uveitis strictly means inflammation of the uveal tissue only. However, practically there is always some associated inflammation of the adjacent structures such as retina, vitreous, sclera and cornea. Due to close relationship of the anatomically distinct parts of the uveal tract, the inflammatory process usually tends to involve the uvea as a whole. CLASSIFICATION I. ANATOMICAL CLASSIFICATION
 
 1. Anterior uveitis. It is inflammation of the uveal tissue from iris up to pars plicata of ciliary body. It may be subdivided into :  Iritis, in which inflammation predominantly affects the iris.  Iridocyctitis in which iris and pars plicata part of ciliary body are equally involved, and  Cyclitis, in which pars plicata part of ciliary body is predominantly affected. 2. Intermediate uveitis. It includes inflammation of the pars plana and peripheral part of the retina and underlying ‘choroid’. It is also called ‘pars planitis'. 3. Posterior uveitis. It refers to inflammation of the choroid (choroiditis). Always there is associated inflammation of retina and hence the term ‘chorioretinitis’ is used. 4. Panuveitis. It is inflammation of the whole uvea.
 
 IV. ETIOLOGICAL (DUKE ELDER'S) CLASSIFICATION
 
 1. 2. 3. 4. 5.
 
 Infective uveitis Allergic uveitis Toxic uveitis Traumatic uveitis Uveitis associated with non-infective systemic diseases 6. Idiopathic uveitis ETIOLOGY OF UVEITIS
 
 Despite a great deal of experimental research and many sophisticated methods of investigations, etiology and immunology of the uveitis is still largely not understood. Even today, the cause of many clinical conditions is disputed (remains presumptive) and in many others etiology is unknown. The etiological concepts of uveitis as proposed by Duke Elder, in general, are discussed here. 1. Infective uveitis. In this, inflammation of the uveal
 
 III. PATHOLOGICAL CLASSIFICATION
 
 tissue is induced by invasion of the organisms. Uveal infections may be exogenous, secondary or endogenous. i Exogenous infection wherein the infecting organisms directly gain entrance into the eye from outside. It can occur following penetrating injuries, perforation of corneal ulcer and postoperatively (after intraocular operations). Such infections usually result in an acute iridocyclitis of suppurative (purulent) nature, which soon turns into endophthalmitis or even panophthalmitis. ii Secondary infection of the uvea occurs by spread of infection from neighbouring structures, e.g., acute purulent conjunctivitis. (pneumo-coccal and gonococcal), keratitis, scleritis, retinitis, orbital cellulitis and orbital thrombophlebitis. iii Endogenous infections are caused by the entrance of organisms from some source situated elsewhere in the body, by way of the bloodstream. Endogenous infections play important role in the inflammations of uvea.
 
 1. Suppurative or purulent uveitis. 2. Non-suppurative uveitis. It has been further subdivided in two groups (Wood’s classification). (i) Non-granulomatous uveitis, and (ii) Granulomatous uveitis
 
 Types of infectious uveitis. Depending upon the causative organisms, the infectious uveitis may be classified as follows: i. Bacterial infections. These may be granulomatous e.g., tubercular, leprotic, syphilitic,
 
 II. CLINICAL CLASSIFICATION
 
 1. Acute uveitis. It has got a sudden symptomatic onset and the disease lasts for about six weeks to 3 months. 2. Chronic uveitis. It frequently has an insiduous and asymptomatic onset. It persists longer than 3 months to even years and is usually diagnosed when it causes defective vision.
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 brucellosis or pyogenic such as streptococci, staphylococci, pneumococci and gonococcus. ii. Viral infections associated with uveitis are herpes simplex, herpes zoster and cytomegalo inclusion virus (CMV). iii. Fungal uveitis is rare and may accompany systemic aspergillosis, candidiasis and blastomycosis. It also includes presumed ocular histoplasmosis syndrome. iv. Parasitic uveitis is known in toxoplasmosis, toxocariasis, onchocerciasis and amoebiasis. v. Rickettsial uveitis may occur in scrub typhus and epidemic typhus. 2. Allergic (hypersensitivity linked) uveitis. Allergic
 
 uveitis is of the commonest occurrence in clinical practice. The complex subject of hypersensitivity linked inflammation of uveal tissue is still not clearly understood. It may be caused by the following ways: i. Microbial allergy. In this, primary source of infection is somewhere else in the body and the escape of the organisms or their products into the bloodstream causes sensitisation of the uveal tissue with formation of antibodies. At a later date a renewal of infection in the original focus may again cause dissemination of the organisms or their products (antigens); which on meeting the sensitised uveal tissue excite an allergic inflammatory response. Primary focus of infection can be a minute tubercular lesion in the lymph nodes or lungs. Once it used to be the most common cause of uveitis worldwide, but now it is rare. However, in developing countries like India tubercular infections still play an important role. Other sources of primary focus are streptococcal and other infections in the teeth, paranasal sinuses, tonsils, prostate, genitals and urinary tract. ii. Anaphylactic uveitis. It is said to accompany the systemic anaphylactic reactions like serum sickness and angioneurotic oedema. iii. Atopic uveitis. It occurs due to airborne allergens and inhalants, e.g., seasonal iritis due to pollens. A similar reaction to such materials as danders of cats, chicken feather, house dust, egg albumin and beef proteins has also been noted. iv. Autoimmune uveitis. It is found in association with autoimmune disorders such as Still’s disease, rheumatoid arthritis, Wegener’s granulomatosis, systemic lupus erythematosus, Reiter’s disease and so on.
 
 In phacoanaphytic endophthalmitis, lens proteins play role of autoantigens. Similarly, sympathetic ophthalmitis has been attributed to be an autoimmune reaction to uveal pigments, by some workers. v. HLA-associated uveitis: Human leucocytic antigens (HLA) is the old name for the histocompatibility antigens. There are about 70 such antigens in human beings, on the basis of which an individual can be assigned to different HLA phenotypes. Recently, lot of stress is being laid on the role of HLA in uveitis, since a number of diseases associated with uveitis occur much more frequently in persons with certain specific HLAphenotype. A few examples of HLA-associated diseases with uveitis are as follows:  HLA-B27. Acute anterior uveitis associated with ankylosing spondylitis and also in Reiter’s syndrome.  HLA-B5: Uveitis in Behcet’s disease.  HLA-DR4 and DW15: Vogt Koyanagi Harada’s disease. 3. Toxic uveitis. Toxins responsible for uveitis can be endotoxins, endocular toxins or exogenous toxins. i. Endotoxins, produced inside the body play a major role. These may be autotoxins or microbial toxins (produced by organisms involving the body tissues). Toxic uveitis seen in patients with acute pneumococcal or gonococcal conjunctivitis and in patients with fungal corneal ulcer is thought to be due to microbial toxins. ii. Endocular toxins are produced from the ocular tissues. Uveitis seen in patients with blind eyes, long-standing retinal detachment and intraocular haemorrhages is said to be due to endocular toxins. Other examples are uveitis associated with intraocular tumours and phacotoxic uveitis. iii. Exogenous toxins causing uveitis are irritant chemical substances of inorganic, animal or vegetative origin. Certain drugs producing uveitis (such as miotics and cytotoxic drugs) are other examples of exogenous toxins. 4. Traumatic uveitis. It is often seen in accidental or
 
 operative injuries to the uveal tissue. Different mechanisms which may produce uveitis following trauma include:
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 Direct mechanical effects of trauma. Irritative effects of blood products after intraocular haemorrhage (haemophthalmitis). Microbial invasion. Chemical effects of retained intraocular foreign bodies; and Sympathetic ophthalmia in the other eye.
 
 5. Uveitis associated with non-infective systemic diseases. Certain systemic diseases frequently complicated by uveitis include: sarocoidosis, collagen related diseases (polyarteritis nodosa (PAN), disseminated lupus erythematosus (DLE), rheumatic and rheumatoid arthritis), metabolic diseases (diabetes mellitus and gout), disease of the central nervous system (e.g., disseminated sclerosis) and diseases of skin (psoriasis, lichen planus, erythema nodosum, pemphigus and so on). 6. Idiopathic uveitis. It may be specific or non-
 
 specific. i. Idiopathic specific uveitis entities include the conditions which have certain special characteristics of their own e.g., pars planitis, sympathetic ophthalmitis and Fuchs’ hetero-chromic iridocyclitis. ii. Nonspecific idiopathic uveitis entities include the condition which do not belong to any of the known etiological groups. About more than 25 percent cases of uveitis fall in this group. PATHOLOGY OF UVEITIS
 
 Inflammation of the uvea fundamentally has the same characteristics as any other tissue of the body, i.e, a vascular and a cellular response. However, due to extreme vascularity and looseness of the uveal tissue, the inflammatory responses are exaggerated and thus produce special results. Pathologically, inflammations of the uveal tract may be divided into suppurative (purulent) and nonsuppurative (non-purulent) varieties. Wood has further classified non-suppurative uveitis into a nongranulomatous and granulomatous types. Although morphologic description is still of some value, the rigid division of uveitis by Wood into these two categories has been questioned on both clinical and pathological grounds. Certain transitional forms of uveitis have also been recognised. Some of these (e.g., phacoanaphylactic endophthalmitis and
 
 sympathetic ophthalmia) showing pathological features of granulomatous uveitis are caused by hypersensitivity reactions. While uveitis due to tissue invasion by leptospirae presents the manifestation of non-granulomatous uveitis. Nonetheless, the classification is often useful in getting oriented towards the subject of uveitis, its workup and therapy. Therefore, it is worthwhile to describe the pathological features of these overlapping (both clinically and pathologically) conditions as distinct varieties. 1. Pathology of suppurative uveitis. Purulent inflammation of the uvea is usually a part of endophthalmitis or panophthalmitis occurring as a result, of exogenous infection by pyogenic organisms which include staphylococcus, streptococcus, psuedomonas, pneumococcus and gonococcus. The pathological reaction is characterised by an outpouring of purulent exudate and infiltration by polymorphonuclear cells of uveal tissue, anterior chamber, posterior chamber and vitreous cavity. As a result, the whole uveal tissue is thickened and necrotic and the cavities of eye become filled with pus. 2. Pathology of non-granulomatous uveitis. Nongranulomatous uveitis may be an acute or chronic exudative inflammation of uveal tissue (predominantly iris and ciliary body), usually occurring due either to a physical and toxic insult to the tissue, or as a result of different hypersensitivity reactions. The pathological alterations of the nongranulomatous reaction consists of marked dilatation and increased permeability of vessels, breakdown of blood aqueous barrier with an outpouring of fibrinous exudate and infiltration by lymphocytes, plasma cells and large macrophages of the uveal tissue, anterior chamber, posterior chamber and vitreous cavity. The inflammation is usually diffuse. As a result of these pathological reactions iris becomes waterlogged, oedematous, muddy with blurring of crypts and furrows. As a consequence its mobility is reduced, pupil becomes small in size due to sphincter irritation and engorgement of radial vessels of iris. Exudates and lymphocytes poured into the anterior chamber result in aqueous flare and deposition of fine KPs at the back of cornea. Due to exudates in the posterior chamber, the posterior surface of iris adheres to the anterior capsule of lens
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 leading to posterior synechiae formation. In severe inflammation, due to pouring of exudate from ciliary processes, behind the lens, an exudative membrane called cyclitic membrane may be formed. After healing, pin-point areas of necrosis or atrophy are evident. Subsequent attacks lead to structural changes like atrophy, gliosis and fibrosis which cause adhesions, scarring and eventually destruction of eye. 3. Pathology of granulomatous uveitis. Granulomatous uveitis is a chronic inflammation of proliferative nature which typically occurs in response to anything which acts as an irritant foreign body, whether it be inorganic or organic material introduced from outside, a haemorrhage or necrotic tissue within the eye, or one of the certain specific organisms of non-pyogenic and relatively nonvirulent character. The common organisms which excite this type of inflammation are those responsible for tuberculosis, leprosy, syphilis, brucellosis, leptospirosis, as well as most viral, mycotic, protozoal and helminthic infections. A typical granulomatous inflammation is also seen in sarcoidosis, sympathetic ophthalmitis and Vogt-Koyanagi-Harada’s disease. The pathological reaction in granulomatous uveitis is characterised by infiltration with lymphocytes, plasma cells, with mobilization and proliferation of large mononuclear cells which eventually become epithelioid and giant cells and aggregate into nodules. Iris nodules are usually formed near pupillary border (Koeppe’s nodules). Similar nodular collection of the cells is deposited at the back of cornea in the form of mutton fat keratic precipitates and aqueous flare is minimal. Necrosis in the adjacent structures leads to a repairative process resulting in fibrosis and gliosis of the involved area.
 
 white with minimal symptoms even in the presence of signs of severe inflammation. Symptoms
 
 1. Pain. It is dominating symptom of acute anterior uveitis. Patients usually complain of a dull aching throbbing sensation which is typically worse at night. The ocular pain is usually referred along the distribution of branches of fifth nerve, especially towards forehead and scalp. 2. Redness. It is due to circumcorneal congestion, which occurs as a result of active hyperaemia of anterior ciliary vessels due to the effect of toxins, histamine and histamine-like substances and axon reflex. 3. Photophobia and blepharospasm observed in patients with acute anterior uveitis are due to a reflex between sensory fibres of fifth nerve (which are irritated) and motor fibres of the seventh nerve, supplying the orbicularis oculi muscle. 4. Lacrimation occurs as a result of lacrimatory reflex mediated by fifth nerve (afferent) and secretomotor fibres of the seventh nerve (efferent). 5. Defective vision in a patient with iridocyclitis may vary from a slight blur in early phase to marked deterioration in late phase. Factors responsible for visual disturbance include induced myopia due to ciliary spasm, corneal haze (due to oedema and KPs), aqueous turbidity, pupillary block due to exudates, complicated cataract, vitreous haze, cyclitic membrane, associated macular oedema, papillitis or secondary glaucoma. One or more factors may contribute in different cases depending upon the severity and duration of the disease. Signs
 
 ANTERIOR UVEITIS (IRIDOCYCLITIS) CLINICAL FEATURES
 
 Though anterior uveitis, almost always presents as a combined inflammation of iris and ciliary body (iridocyclitis), the reaction may be more marked in iris (iritis) or ciliary body (cyclitis). Clinically it may present as acute or chronic anterior uveitis. Main symptoms of acute anterior uveitis are pain, photophobia, redness, lacrimation and decreased vision. In chronic uveitis, however the eye may be
 
 Slit lamp biomicroscopic examination is essential to elicit most of the signs of uveitis (Fig. 7.8). I. Lid oedema usually mild, may accompany a severe attack of acute anterior uveitis. II. Circumcorneal congestion is marked in acute iridocyclitis and minimal in chronic iridocyclitis. It must be differentiated from superficial congestion occurring in acute conjunctivitis. III. Corneal signs include; corneal oedema, KPs and posterior corneal opacities.
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 2. Keratic precipitates (KPs) are proteinaceouscellular deposits occurring at the back of cornea. Mostly, these are arranged in a triangular fashion occupying the centre and inferior part of cornea due to convection currents in the aqueous humour (Fig. 7.9). The composition and morphology of KPs varies with the severity, duration and type of uveitis. Following types of KPs may be seen: i. Mutton fat KPs. These typically occur in
 
 granulomatous iridocyclitis and are composed of epithelioid cells and macrophages. They are large, thick, fluffy, lardaceous KPs, having a greasy or waxy appearance. Mutton fat KPs are usually a few (10 to 15) in number (Fig. 7.9B). ii. Small and medium KPs (granular KPs). These are pathognomic of non-granulomatous uveitis and are composed of lymphocytes. These small, discrete, dirty white KPs are arranged irregularly at the back of cornea. Small KPs may be hundreds in number and form the so called endothelial dusting.
 
 A
 
 A
 
 B
 
 B
 
 Fig. 7.8. Signs of anterior uveitis : A, Diagramatic depiction; B, clinical photograph of a patient with acute anterior uveitis.
 
 Fig. 7.9. Keratic precipitates (KPs); A, Diagramatic depiction; B, Clinical photograph of a patient with granulomatous anterior uveitis showing mutten fat KPs and broad segmental synechiae.
 
 1. Corneal oedema is due to toxic endothelitis and raised intraocular pressure when present.
 
 Newp4\E:\job\Newage\book\Ophthalmology\Section-I\chp-06\chp-06 Disease of the Uveal Tract.pmd
 
 143
 
 DISEASES OF THE UVEAL TRACT
 
 iii. Red KPs. These are formed when in addition to inflammatory cells, RBCs also take part in composition. They may be seen in haemorrhagic uveitis. iv. Old KPs. These are sign of healed uveitis. Either of the above described KPs with healing process shrink, fade, become pigmented and irregular in shape (crenated margins). Old mutton fat KPs usually have a ground glass appearance due to hyalinization. 3. Posterior corneal opacity may be formed in longstanding cases of iridocyclitis. IV. Anterior chamber signs
 
 1. Aqueous cells. It is an early feature of iridocyclitis. The cells should be counted in an oblique slit-lamp beam, 3-mm long and 1-mm wide, with maximal light intensity and magnification, and graded as :  – = 0 cells,  ± = 1–5 cells,  +1 = 6–10 cells,  +2 = 11-20 cells,  +3 = 21–50 cells, and  +4 = over 50 cells 2. Aqueous flare. It is due to leakage of protein particles into the aqueous humour from damaged blood vessels. It is demonstrated on the slit lamp examination by a point beam of light passed obliquely to the plane of iris (Fig. 7.10). In the beam of light, protein particles are seen as suspended and moving dust particles. This is based on the ‘Brownian movements’ or ‘Tyndal phenomenon’. Aqueous flare is usually marked in nongranulomatous and minimal in granulomatous uveitis. The flare is graded from ‘0’ to +4. Grade :  0 = no aqueous flare,  +1 = just detectable;  +2 = moderate flare with clear iris details;  +3 = marked flare (iris details not clear);  +4 = intense flare (fixed coagulated aqueous with considerable fibrin). 3. Hypopyon. When exudates are heavy and thick, they settle down in lower part of the anterior chamber as hypopyon (sterile pus in the anterior chamber) (Fig. 7.11). 4. Hyphaema (blood in the anterior chamber): It may be seen in haemorrhagic type of uveitis.
 
 A
 
 B Fig. 7.10. Aqueous flare; A, Diagramatic depiction; B, Clinical photograph of the patient.
 
 Fig. 7.11. Hypopyon in acute anterior uveitis.
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 5. Changes in depth and shape of anterior chamber may occur due to synechiae formation. 6. Changes in the angle of anterior chamber are observed with gonioscopic examination. In active stage, cellular deposits and in chronic stage peripheral anterior synechiae may be seen. V. Iris signs
 
 1. Loss of normal pattern. It occurs due to oedema and waterlogging of iris in active phase and due to atrophic changes in chronic phase. Iris atrophy is typically observed in Fuchs’ heterochromic iridocyclitis. 2. Changes in iris colour. Iris usually becomes muddy in colour during active phase and may show hyperpigmented and depigmented areas in healed stage. 3. Iris nodules (Fig. 7.12). These occur typically in granulomatous uveitis.
 
 Koeppe’s nodules are situated at the pupillary border and may initiate posterior synechia.  Busacca’s nodules situated near the collarette are large but less common than the Koeppe’s nodules. 4. Posterior synechiae. These are adhesions between the posterior surface of iris and anterior capsule of crystalline lens (or any other structure which may be artificial lens, after cataract, posterior capsule (left after extracapsular cataract extraction) or anterior hyaloid face. These are formed due to organisation of the fibrin-rich exudates. Morphologically, posterior synechiae may be segmental, annular or total. i. Segmental posterior synechiae refers to adhesions of iris to the lens at some points (Fig. 7.8). ii. Annular posterior synechiae (ring synechiae are 360o adhesions of pupillary margin to anterior capsule of lens. These prevent the circulation of aqueous humour from posterior chamber to anterior chamber (seclusio pupillae). Thus, the aqueous collects behind the iris and pushes it anteriorly (leading to ‘iris-bombe’ formation) (Fig. 7.13). This is usually followed by a rise in intraocular pressure. iii. Total posterior synechiae due to plastering of total posterior surface of iris with the anterior capsule of lens are rarely formed in acute plastic type of uveitis. These result in deepening of anterior chamber (Fig. 7.14). 5. Neovascularsation of iris (rubeosis iridis) develops in some eyes with chronic iridocyclitis. 
 
 A
 
 B Fig. 7.12. Iris nodules: A, Diagramatic depiction; B, Clinical photograph showing Koeppe’s nodules at the pupillary margins in a patient with sarcoidosis.
 
 Fig. 7.13. Annular posterior synechia.
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 4. Pupillary reaction becomes sluggish or may even be absent due to oedema and hyperaemia of iris which hamper its movements. 5. Occlusio pupillae results when the pupil is completely occluded due to organisation of the exudates across the entire pupillary area. VII. Changes in the lens
 
 Fig. 7.14. Total posterior synechia causing deep anterior chamber
 
 VI. Pupillary signs
 
 1. Narrow pupil. It occurs in acute attack of iridocyclitis (Fig. 7.8B) due to irritation of sphincter pupillae by toxins. Iris oedema and engorged radial vessels of iris also contribute in making the pupil narrow. 2. Irregular pupil shape. It results from segmental posterior synechiae formation. Dilatation of pupil with atropine at this stage results in festooned pupil (Fig. 7.8A and Fig. 7.15). 3. Ectropion pupillae (evertion of pupillary margin). It may develop due to contraction of fibrinous exudate on the anterior surface of the iris.
 
 Fig. 7.15. Iridocyctitis with posterior synechiae, festooned pupil and complicated cataract.
 
 1. Pigment dispersal on the anterior capsule of lens is almost of universal occurrence in a case of anterior uveitis. 2. Exudates may be deposited on the lens in cases with acute plastic iridocyclitis. 3. Complicated cataract may develop as a complication of persistent iridocyclitis. Typical features of a complicated cataract in early stage are ‘polychromatic luster’ and ‘bread-crumb’ appearance of the early posterior subcapsular opacities. In the presence of posterior synechiae, the complicated cataract progresses rapidly to maturity (Fig. 7.15). VIII. Change in the vitreous Anterior vitreous may show exudates and inflammatory cells after an attack of acute iridocyclitis. COMPLICATIONS AND SEQUELAE
 
 1. Complicated cataract. It is a common complication of iridocyclitis as described above. 2. Secondary glaucoma. It may occur as an early or late complication of iridocyclitis. i. Early glaucoma. In active phase of the disease, presence of exudates and inflammatory cells in the anterior chamber may cause clogging of trabecular meshwork resulting in the decreased aqueous drainage and thus a rise in intraocular pressure (hypertensive uveitis). ii. Late glaucoma in iridocyclitis (postinflammatory glaucoma) is the result of pupil block (seclusio pupillae due to ring synechiae formation, or occlusio pupillae due to organised exudates) not allowing the aqueous to flow from posterior to anterior chamber. There may or may not be associated peripheral anterior synechiae formation. 3. Cyclitic membrane. It results due to fibrosis of exudates present behind the lens. It is a late complication of acute plastic type of iridocyclitis. 4. Choroiditis. It may develop in prolonged cases of iridocyclitis owing to their continuity.
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 5. Retinal complications. These include cystoid macular oedema, macular degeneration, exudative retinal detachment and secondary periphlebitis retinae. 6. Papillitis (inflammation of the optic disc). It may be associated in severe cases of iridocyclitis. 7. Band-shaped keratopathy. It occurs as a complication of long-standing chronic uveitis (Fig. 5.17), especially in children having Still’s disease. 8. Phthisis bulbi. It is the final stage end result of any form of chronic uveitis. In this condition, ciliary body is disorganised and so aqueous production is hampered. As a result of it the eye becomes soft, shrinks and eventually becomes a small atrophic globe (phthisis bulbi). DIFFERENTIAL DIAGNOSIS
 
 1. Acute red eye. Acute iridocyclitis must be differentiated from other causes of acute red eye, especially acute congestive glaucoma and acute conjunctivitis. The differentiating features are summarised in Table 7.1. 2. Granulomatous versus non-granulomatous uveitis. Once diagnosis of iridocyclitis is established, an attempt should be made to know whether the condition is of granulomatous or non-granulomatous type. The main clinical differences between the two are summarised in Table 7.2. 3. Etiological differential diagnosis. Efforts should also be made to distinguish between the different etiological varieties of iridocyclitis. This may be possible in some cases after thorough investigations and with a knowledge of special features of different clinical entities, which are described under the subject of ‘special types of iridocyclitis’ (see page 154). INVESTIGATIONS
 
 These include a battery of tests because of its varied etiology. However, an experienced ophthalmologist soon learns to order a few investigations of considerable value, which will differ in individual case depending upon the information gained from thorough clinical work up. A few common investigations required are listed here: 1. Haematological investigations  TLC and DLC to have a general information about inflammatory response of body.  ESR to ascertain existence of any chronic inflammatory condition in the body.
 
 Blood sugar levels to rule out diabetes mellitus. Blood uric acid in patients suspected of having gout.  Serological tests for syphilis, toxoplasmosis, and histoplasmosis.  Tests for antinuclear antibodies, Rh factor, LE cells, C-reactive proteins and antistreptolysin-0. Urine examination for WBCs, pus cells, RBC and culture to rule out urinary tract infections. Stool examination for cyst and ova to rule out parasitic infestations. Radiological investigations include X-rays of chest, paranasal sinuses, sacroiliac joints and lumbar spine. Skin tests. These include tuberculin test, Kveim’s test and toxoplasmin test.  
 
 2. 3. 4.
 
 5.
 
 TREATMENT OF IRIDOCYCLITIS I. Non-specific treatment (a) Local therapy
 
 1. Mydriatic-cycloplegic drugs. These are very useful and most effective during acute phase of iridocyclitis. Commonly used drug is 1 percent atropine sulfate eye ointment or drops instilled 2-3 times a day. In case of atropine allergy, other cycloplegics like 2 percent homatropine or 1 percent cyclopentolate eyedrops may be instilled 3-4 times a day. Alternatively for more powerful cycloplegic effect a subconjunctival injection of 0.25 ml mydricain (a mixture of atropine, adrenaline and procaine) should be given. The cycloplegics should be continued for at least 2-3 weeks after the eye becomes quiet, otherwise relapse may occur. Mode of action. In iridocyclitis, atropine (i) gives comfort and rest to the eye by relieving spasm of iris sphincter and ciliary muscle, (ii) prevents the formation of synechiae and may break the already formed synechiae, (iii) reduces exudation by decreasing hyperaemia and vascular permeability and (iv) increases the blood supply to anterior uvea by relieving pressure on the anterior ciliary arteries. As a result more antibodies reach the target tissues and more toxins are absorbed. 2. Corticosteroids, administered locally, are very effective in cases of iridocyclitis. They reduce inflammation by their anti-inflammatory effect; being
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 Table 7.1: Distinguishing features between acute conjunctivitis, acute iridocyclitis and acute congestive glaucoma. Feature
 
 Acute conjunctivitis
 
 Acute iridocyclitis
 
 Acute congestive glaucoma
 
 1. 2.
 
 Onset Pain
 
 Gradual Mild discomfort
 
 Sudden Severe in eye and the entire trigeminal area
 
 3. 4. 5. 6.
 
 Discharge Coloured halos Vision Congestion
 
 7. 8.
 
 Tenderness Pupil
 
 Mucopurulent May be present Good Superficial conjunctival Absent Normal
 
 Usually gradual Moderate in eye and along the first division of trigeminal nerve Watery Absent Slightly impaired Deep ciliary Marked Small and irregular
 
 9.
 
 Media
 
 Clear
 
 10. 11. 12. 13.
 
 Anterior chamber Iris Intraocular pressure Constitutional symptoms
 
 Normal Normal Normal Absent
 
 Marked Large and vertically oval Hazy due to edematous cornea Very shallow Oedematous Raised Prostration and vomiting
 
 Watery Present Markedly impaired Deep ciliary
 
 Hazy due to KPs, aqueous flare and pupillary exudates May be deep Muddy Usually normal Little
 
 Table 7.2: Differences between granulomatous and non-granulomatous uveitis.
 
 1. 2. 3. 4. 5. 6. 7. 8. 9.
 
 Feature
 
 Granulomatous
 
 Non-granulomatous
 
 Onset Pain Photophobia Ciliary congestion Keratic precipitates (KPs) Aqueous flare Iris nodules Posterior synechiae Fundus
 
 Insidious Minimal Slight Minimal Mutton fat Mild Usually present Thick and broad based Nodular lesions
 
 Acute Marked Marked Marked Small Marked Absent Thin and tenuous Diffuse involvement
 
 anti-allergic, are of special use in allergic type of uveitis; and due to their antifibrotic activity, they reduce fibrosis and thus prevent disorganisation and destruction of the tissues. Commonly used steroidal preparations contain dexamethasone, betamethasone, hydrocortisone or prednisolone (see page 428). Route of administration: Locally, steroids are used as (i) eye drops 4-6 times a day, (ii) eye ointment at bed time, and (iii) Anterior sub-Tenon injection is given in severe cases. 3. Broad spectrum antibiotic drops, though of no use in iridocyclitis, are usually prescribed with topical steroid preparations to provide an umbrella cover for them.
 
 (b) Systemic therapy
 
 1. Corticosteroids. When administered systemically they have a definite role in non-granulomatous iridocyclitis, where inflammation, most of the times, is due to antigen antibody reaction. Even in other types of uveitis, the systemic steroids are helpful due to their potent non-specific anti-inflammatory and antifibrotic effects. Systemic corticosteroids are usually indicated in intractable anterior uveitis resistant to topical therapy. Dosage schedules. A wide variety of steroids are available.Usually, treatment is started with high doses of prednisolone (60-100 mg) or equivalent quantities
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 of other steroids (dexamethasone or betamethasone). Daily therapy regime is preferred for marked inflammatory activity for at least 2 weeks. In the absence of acute disease, alternate day therapy regime should be chosen. The dose of steroids is decreased by a week’s interval and tapered completely in about 6-8 weeks in both the regimes. Note: Steroids (both topical and systemic) may cause many ocular (e.g., steroid-induced glaucoma and cataract) and systemic side-effects. Hence, an eagle’s eye watchfulness is required for it. 2. Non-steroidal anti-inflammatory drugs (NSAIDS) such as aspirin can be used where steroids are contraindicated. Phenylbutazone and oxyphenbutazone are potent anti-inflammatory drugs of particular value in uveitis associated with rheumatoid disease. 3. Immunosuppressive drugs. These should be used only in desperate and extremely serious cases of uveitis, in which vigorous use of steroids have failed to resolve the inflammation and there is an imminent danger of blindness. These drugs are dangerous and should be used with great caution in the supervision of a haematologist and an oncologist. These drugs are specially useful in severe cases of Behcet’s syndrome, sympathetic ophthalmia, pars planitis and VKH syndrome. A few available cytotoxic immunosuppressive drugs include cyclophosphamide, chlorambucil, azathioprine and methotrexate. Cyclosporin is a powerful anti-T-cell immunosuppressive drug which is effective in cases resistant to cytotoxic immunosuppressive agents, but it is a highly renal toxic drug. (c) Physical measures
 
 1. Hot fomentation. It is very soothing, diminishes pain and increases circulation, and thus reduces the venous stasis. As a result more antibodies are brought and toxins are drained. Hot fomentation can be done by dry heat or wet heat. 2. Dark goggles. These give a feeling of comfort, especially when used in sunlight, by reducing photophobia, lacrimation and blepharospasm. II. Specific treatment of the cuase
 
 The non-specific treatment described above is very effective and usually eats away the uveal inflammation, in most of the cases, but it does not cure the disease, resulting in relapses. Therefore, all possible efforts should be made to find out and treat
 
 the underlying cause. Unfortunately, in spite of the advanced diagnostic tests, still it is not possible to ascertain the cause in a large number of cases. So, a full course of antitubercular drugs for underlying Koch’s disease, adequate treatment for syphilis, toxoplasmosis etc., when detected should be carried out. When no cause is ascertained, a full course of broad spectrum antibiotics may be helpful by eradicating some masked focus of infection in patients with non-granulomatous uveitis. III. Treatment of complications
 
 1. Inflammatory glaucoma (hypertensive uveitis). In such cases, drugs to lower intraocular pressure such as 0.5 percent timolol maleate eyedrops twice a day and tablet acetazolamide (250 mg thrice a day) should be added, over and above the usual treatment of iridocyclitis. Pilocarpine and latanoprost eye drops are contraindicated in inflammatory glaucoma. 2. Post-inflammatory glaucoma due to ring synechiae is treated by laser iridotomy. Surgical iridectomy may be done when laser is not available. However, surgery should be performed in a quiet eye under high doses of corticosteroids. 3. Complicated cataract requires lens extraction with guarded prognosis in spite of all precautions. The presence of fresh KPs is considered a contraindication for intraocular surgery. 4. Retinal detachment of exudative type usually settles itself if uveitis is treated aggressively. A tractional detachment requires vitrectomy and management of complicated retinal detachment, with poor visual prognosis. 5. Phthisis bulbi especially when painful, requires removal by enucleation operation. POSTERIOR UVEITIS
 
 Posterior uveitis refers to inflammation of the choroid (choroiditis). Since the outer layers of retina are in close contact with the choroid and also depend on it for the nourishment, the choroidal inflammation almost always involves the adjoining retina, and the resultant lesion is called chorioretinitis. Etiology and pathology
 
 These are same as described for uveitis in general considerations.
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 Clinical types
 
 I. Suppurative choroiditis (Purulent inflammation of the choroid). It usually does not occur alone and almost always forms part of endophthalmitis (see page 150) II. Non-suppurative choroiditis. It may be nongranulomatous or granulomatous (more common). Non-suppurative choroidal inflammation is characterised by exudation and cellular infiltration, resulting in a greyish white lesion hiding the normal reddish hue of choroidal vessels. Non-suppurative choroiditis is usually bilateral and morphologically (depending upon the number and location of lesions) can be classified into diffuse, disseminated and circumscribed (localised) choroiditis. 1. Diffuse choroiditis. It refers to large spreading lesions involving most of the choroidal tissue. It is usually tubercular or syphilitic in origin. 2. Disseminated choroiditis. It is characterised by multiple but small areas of inflammation scattered over the greater part of choroid (Fig. 7.16). Such a condition may be due to syphilis or tuberculosis, but in many cases the cause is obscure. 3. Circumscribed/localised/focal choroiditis. It is characterised by a single patch or a few small patches of inflammation localised in a particular area. Such patches of choroiditis are described by a name depending upon the location of the lesion which are as follows:
 
 Fig. 7.16. Healed lesions of disseminated chorioretinitis.
 
 i. Central choroiditis. As the name indicates it involves the macular area and may occur either alone (Fig. 7.17) or in combination with disseminated choroiditis. A typical patch of central choroiditis may occur in toxoplasmosis, histoplasmosis, tuberculosis, syphilis and rarely due to visceral larva migrans. ii. Juxtacaecal or juxtapapillary choroiditis. It is the name given to a patch of choroiditis involving an area adjoining the optic disc. One example is Jensen’s choroiditis which typically occurs in young persons. iii. Anterior peripheral choroiditis. It implies occurrence of multiple small patches of choroiditis (similar to disseminated choroiditis) only in the peripheral part of choroid (anterior to equator). Such lesions are often syphilitic in origin. iv. Equatorial choroiditis. It involves the choroid in the equatorial region only. Clinical picture
 
 Symptoms. Choroiditis is a painless condition, usually characterised by visual symptoms due to associated vitreous haze and involvement of the retina. Therefore, small patches situated in periphery may be symptomless and are usually discovered as healed patches on routine fundus examination. On the contrary, a central patch produces marked symptoms which draw immediate attention. Various visual symptoms experienced by a patient of choroiditis are summarised below:
 
 Fig. 7.17. A healed patch of central chorioretinitis.
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 1. Defective vision. It is usually mild due to vitreous haze, but may be severe as in central choroiditis. 2. Photopsia. It is a subjective sensation of flashes of light resulting due to irritation of rods and cones. 3. Black spots floating in front of the eyes. It is a very common complaint of such patients. They occur due to large exudative clumps in the vitreous. 4. Metamorphopsia. Herein, patients perceive distorted images of the object. This results due to alteration in the retinal contour caused by a raised patch of choroiditis. 5. Micropsia which results due to separation of visual cells is a common complaint. In this the objects appear smaller than they are. 6. Macropsia, i.e., perception of the objects larger than they are, may occur due to crowding together of rods and cones. 7. Positive scotoma, i.e., perception of a fixed large spot in the field of vision, corresponding to the lesion may be noted by many patients. Signs. Usually there are no external signs and the eye looks quiet. However, fine KPs may be seen on biomicroscopy due to associated cyclitis. Fundus examination may reveal following signs: 1. Vitreous opacities due to choroiditis are usually present in its middle or posterior part. These may be fine, coarse, stringy or snowball opacities. 2. Features of a patch of choroiditis. i. In active stage it looks as a pale-yellow or dirty white raised area with ill-defined edges. This results due to exudation and cellular infiltration of the choroid which hide the choroidal vessels. The lesion is typically deeper to the retinal vessels. The overlying retina is often cloudy and oedematous. ii. In atrophic stage or healed stage, when active inflammation subsides, the affected area becomes more sharply defined and delineated from the rest of the normal area. The involved area shows white sclera below the atrophic choroid and black pigmented clumps at the periphery of the lesion (Figs. 7.16 and 7.17). A healed patch of chorioretinitis must be
 
 differentiated from the degenerative conditions such as pathological myopia and retinitis pigmentosa. Complications
 
 These include extension of the inflammation to anterior uvea, complicated cataract, vitreous degeneration, macular oedema, secondary periphlebitis retinae and retinal detachment. Treatment
 
 It is broadly on the lines of anterior uveitis. 1. Non-specific therapy consists of topical and systemic corticosteroids. Posterior sub-tenon injections of depot corticosteroids are effective in checking the acute phase of posterior uveitis. Rarely, immunosuppresive agents may be required to check the inflammation. 2. Specific treatment is required for the causative disease such as toxoplasmosis, toxocariasis, tuberculosis, syphilis, etc. PURULENT UVEITIS Purulent uveitis is suppurative inflammation of the uveal tract occurring as a result of direct invasion by the pyogenic organisms. It may start as purulent anterior uveitis (iridocyclitis) or purulent posterior uveitis (choroiditis) which soon progresses to involve the retina and vitreous, resulting in purulent endophthalmitis. ENDOPHTHALMITIS
 
 Endophthalmitis is defined as an inflammation of the inner structures of the eyeball i.e., uveal tissue and retina associated with pouring of exudates in the vitreous cavity, anterior chamber and posterior chamber. Etiology
 
 Etiologically endophthalmitis may be infectious or non-infectious (sterile). A. Infective endophthalmitis
 
 Modes of Infection 1. Exogenous infections. Purulent inflammations are generally caused by exogenous infections following perforating injuries, perforation of infected corneal ulcers or as postoperative infections following intraocular operations.
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 2. Endogenous or metastatic endophthalmitis. It may occur rarely through blood stream from some infected focus in the body such as caries teeth, generalised septicaemia and puerperal sepsis. 3. Secondary infections from surrounding structures. It is very rare. However, cases of purulent intraocular inflammation have been reported following extension of infection from orbital cellulitis, thrombophlebitis and infected corneal ulcers. Causative organisms 1. Bacterial endophthalmitis. The most frequent pathogens causing acute bacterial endophthalmitis are gram positive cocci i.e., staphylococcus epidermidis and staphylococcus aureus. Other causative bacteria include streptococci, pseudomonas, pneumococci and corynebacterium. Propionio bacterium acnes and actinomyces are gram-positive organisms capable of producing slow grade endophthalmitis. 2. Fungal endophthalmitis is comparatively rare. It is caused by aspergillus, fusarium, candida etc. B. Non-infective (sterile) endophthalmitis
 
 Sterile endophthalmitis refers to inflammation of inner structures of eyeball caused by certain toxins/toxic substances. It occurs in following situations. 1. Postoperative sterile endophthalmitis may occur as toxic reaction to:  Chemicals adherent to intraocular lens (IOL) or  Chemicals adherent to instruments. 2. Post-traumatic sterile endophthalmitis may occur as toxic reaction to retained intraocular foreign body, e.g., pure copper. 3. Intraocular tumour necrosis may present as sterile endophthalmitis (masquerade syndrome). 4. Phacoanaphylactic endophthalmitis may be induced by lens proteins in patients with Morgagnian cataract.
 
 periocular bacterial flora of the eyelids, conjunctiva, and lacrimal sac. Other potential sources of infection include contaminated solutions and instruments, and environmental flora including that of surgeon and operating room personnel. Symptoms. Acute bacterial endophthalmitis usually occurs within 7 days of operation and is characterized by severe ocular pain, redness, lacrimation, photophobia and marked loss of vision. Signs are as follows (Fig. 7.18): 1. Lids become red and swollen. 2. Conjunctiva shows chemosis and marked circumcorneal congestion. Note: Conjunctival congestion, corneal oedema, hypopyon and yellowish white exudates in the vitreous seen in the pupillary area behind the IOL. 3. Cornea is oedematous, cloudy and ring infiltration may be formed. 4. Edges of wound become yellow and necrotic and wound may gape (Fig. 7.19) in exogenous form. 5. Anterior chamber shows hypopyon; soon it becomes full of pus. 6. Iris, when visible, is oedematous and muddy. 7. Pupil shows yellow reflex due to purulent exudation in vitreous. When anterior chamber becomes full of pus, iris and pupil details are not seen. 8. Vitreous exudation. In metastatic forms and in cases with deep infections, vitreous cavity is filled with exudation and pus. Soon a yellowish white mass is seen through fixed dilated pupil. This sign is called amaurotic cat’s-eye reflex. 9. Intraocular pressure is raised in early stages, but in severe cases, the ciliary processes are destroyed, and a fall in intraocular pressure may ultimately result in shrinkage of the globe.
 
 Note: Since postoperative acute bacterial endophthalmitis is most important, so clinical features and treatment described below pertain to this condition. Clinical picture of acute bacterial endophthalmitis
 
 Acute postoperative endophthalmitis is a catastrophic complication of intraocular surgery with an incidence of about 0.1%. Source of infection in most of the cases is thought to be patient’s own
 
 Fig. 7.18. Postoperative acute endophthalmitis.
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 Gentamycin is 4 times more retinotoxic (causes macular infarction) than amikacin. Preferably the aminoglycosides should be avoided.  The aspirated fluid sample should be used for bacterial culture and smear examination. If vitreous aspirate is collected in an emergency when immediate facilities for culture are not available, it should be stored promptly in refrigerator at 4°C.  If there is no improvement, a repeat intravitreal injection should be given after 48 hours taking into consideration the reports of bacteriological examination. 2. Subconjunctival injections of antibiotics should be given daily for 5-7 days to maintain therapeutic intraocular concentration :  First choice : Vancomycin 25 mg in 0.5 ml plus. Ceftazidime 100 mg in 0.5 ml  Second choice : Vancomycin 25 mg in 0.5 ml plus Cefuroxime 125 mg in 0.5 ml 3. Topical concentrated antibiotics should be started immediately and used frequently (every 30 minute to 1 hourly). To begin with a combination of two drugs should be preferred, one having a predominant effect on the gram-positive organisms and the other against gram-negative organisms as below:  Vancomycin (50 mg/ml) or cefazoline (50mg/ml) plus.  Amikacin (20 mg/ml) or tobramycin (15 mg%). 4. Systemic antibiotics have limited role in the management of endophthalmitis, but most of the surgeons do use them.  Ciprofloxacin intravenous infusion 200 mg BD for 3-4 days followed by orally 500 mg BD for 6-7 days, or  Vancomycin 1 gm IV BD and ceftazidime 2 g IV 8 hourly, or  Cefazoline 1.5 gm IV 6 hourly and amikacin 1 gm IV three times a day. 
 
 Fig. 7.19. Severe postoperative endophthalmitis with wound gape.
 
 Treatment
 
 An early diagnosis and vigorous therapy is the hallmark of the treatment of endophthalmitis. Following therapeutic regime is recommended for suspected bacterial endophthalmitis. A. Antibiotic therapy
 
 1. Intravitreal antibiotics and diagnostic tap should be made as early as possible. It is performed transconjunctivally under topical anaesthesia from the area of pars plana (4-5 mm from the limbus). The vitreous tap is made using 23-gauge needle followed by the intravitreal injection using a disposable tuberculin syringe and 30-gauge needle. The main stay of treatment of acute bacterial endophthalmitis is intravitreal injection of antibiotics at the earliest possible. Usually a combination of two antibiotics – one effective against gram positive coagulase negative staphylococci and the other against gram-negative bacilli is used as below :  First choice: Vancomycin 1 mg in 0.1 ml plus ceftazidime 2.25 mg in 0.1 ml.  Second choice: Vancomycin 1 mg in 0.1 ml plus Amikacin 0.4 mg in 0.1 ml.  Third choice: Vancomycin 1 mg in 0.1 ml plus gentamycin 0.2 mg in 0.1 ml. Note: 
 
 Some surgeons prefer to add dexamethasone 0.4 mg in 0.1 ml to limit post-inflammatory consequences.
 
 B. Steroid therapy
 
 Steroids limit the tissue damage caused by inflammatory process. Most surgeons recommend their use after 24 to 48 hours of control of infection by intensive antibiotic therapy. However, some surgeons recommend their immediate use
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 (controversial). Routes of administration and doses are:  Intravitreal injection of dexamethasone 0.4 mg in 0.1ml.  Subconjunctival injection of dexamethasone 4 mg (1ml) OD for 5-7 days.  Topical dexamethasone (0.1%) or predacetate (1%) used frequently.  Systemic steroids. Oral corticosteroids should preferably be started after 24 hours of intensive antibiotic therapy. A daily therapy regime with 60 mg prednisolone to be followed by 50, 40, 30, 20 and 10 mg for 2 days each may be adopted.
 
    
 
 Profuse watering, Purulent discharge, Marked redness and swelling of the eyes, and Associated constitutional symptoms are malaise and fever.
 
 Signs are as follows (Fig.7.20): 1. Lids show a marked oedema and hyperaemia. 2. Eyeball is slightly proptosed, ocular movements are limited and painful.
 
 C. Supportive therapy
 
 1. Cycloplegics. Preferably 1% atropine or alternatively 2% homatropine eyedrops should be instilled TDS or QID. 2. Antiglaucoma drugs.In patients with raised intraocular pressure drugs such a oral acetazolamide (250 mg TDS) and timolol (0.5% BD) may be prescribed. D. Vitrectomy operation should be performed if the
 
 patient does not improve with the above intensive therapy for 48 to 72 hours or when the patient presents with severe infection with visual acuity reduced to light perception. Vitrectomy helps in removal of infecting organisms, toxins and enzymes present in the infected vitreous mass. PANOPHTHALMITIS It is an intense purulent inflammation of the whole eyeball including the Tenon’s capsule. The disease usually begins either as purulent anterior or purulent posterior uveitis; and soon a full-fledged picture of panophthalmitis develops, following through a very short stage of endophthalmitis. Etiology  
 
 Panophthalmitis is an acute bacterial infection. Mode of infection and causative organisms are same as described for infective bacterial endophthalmitis (page 150, 151).
 
 Clinical picture
 
 Symptoms. These include:  Severe ocular pain and headache,  Complete loss of vision,
 
 Fig. 7.20. Panophthalmitis.
 
 3. Conjunctiva shows marked chemosis and ciliary as well as conjunctival congestion. 4. Cornea is cloudy and oedematous. 5. Anterior chamber is full of pus. 6. Vision is completely lost and perception of light is absent. 7. Intraocular pressure is markedly raised. 8. Globe perforation may occur at limbus, pus comes out and intraocular pressure falls. Complications include:  Orbital cellulitis  Cavernous sinus thrombosis  Meningitis or encephalitis Treatment
 
 There is little hope of saving such an eye and the pain and toxaemia lend an urgency to its removal. 1. Anti-inflammatory and analgesics should be started immediately to relieve pain. 2. Broad spectrum antibiotics should be administered to prevent further spread of infection in the surrounding structures.
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 3. Evisceration operation should be performed to avoid the risk of intracranial dissemination of infection. EVISCERATION
 
 It is the removal of the contents of the eyeball leaving behind the sclera. Frill evisceration is preferred over simple evisceration. In it, only about 3-mm frill of the sclera is left around the optic nerve. Indications. These include: panophthalmitis, expulsive choroidal haemorrhage and bleeding anterior staphyloma. Surgical steps of frill evisceration (Fig. 7.21) 1. Initial steps upto separation of the conjunctiva and Tenon’s capsule are similar to enucleation. 2. Removal of cornea: A cut at the limbus is made with a razor blade fragment or with a No. 11 scalpel blade and then the cornea is excised with corneoscleral scissors. 3. Removal of intraocular contents: The uveal tissue is separated from the sclera with the help of an evisceration spatula and the contents are scooped out using the evisceration curette. 4. Separation of extraocular muscles is done as for enucleation. 5. Removal of sclera: Using curved scissors the sclera is excised leaving behind only a 3-mm frill around the optic nerve. 6. Closure of Tenon’s capsule and conjunctiva and other final steps are similar to enucleation.
 
 SPECIFIC CLINICO-ETIOLOGICAL TYPES OF NON-SUPPURATIVE UVEITIS
 
 The manifold forms of uveitis have been classified under various headings. Since the classical description of non-suppurative uveitis by Wood (1947) into two main groups non-granulomatous and granulomatous, most of the uveitis patients have been categorized according to their gross objective similarites. In spite of the many sophisticated methods of investigations, even today, the cause in many clinical conditions is disputed and in others it is unknown. However, with the background of present update knowledge, to some extent, it has been possible to assign a patient with uveitis to a particular group based either on the etiological or typical clinical presentation of the disease. Detailed description of each such clinical entity is beyond the scope of this chapter. However, classification and salient features of the ‘specific clinico-etiological’ types of uveitis are described here: Classification
 
 I.
 
 II.
 
 III.
 
 IV.
 
 V.
 
 VI.
 
 Fig. 7.21. Removal of intraocular contents in evisceration.
 
 UVEITIS ASSOCIATED WITH CHRONIC SYSTEMIC BACTERIAL INFECTIONS: 1. Tubercular uveitis 2. Syphilitic uveitis 3. Leprotic uveitis UVEITIS ASSOCIATED WITH NONINFECTIOUS SYSTEMIC DISEASES 1. Uveitis in sarcoidosis 2. Behcet’s disease. UVEITIS ASSOCIATED WITH ARTHRITIS 1. Uveitis with Ankylosing spondylitis 2. Reiter’s syndrome 3. Still’s disease PARASITIC UVEITIS 1. Toxoplasmosis 2. Toxocariasis 3. Onchocerciasis 4. Amoebiasis FUNGAL UVEITIS 1. Presumed ocular histoplasmosis syndrome 2. Candidiasis VIRAL UVEITIS 1. Herpes simplex uveitis 2. Herpes zoster uveitis 3. Acquired cytomegalovirus uveitis 4. Uveitis in acquired immune deficiency syndrome (AIDS)
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 VII. LENS INDUCED UVEITIS 1. Phacotoxic uveitis 2. Phacoanaphylactic endophthalmitis VIII. TRAUMATIC UVEITIS IX. UVEITIS ASSOCIATED WITH MALIGNANT INTRAOCULAR TUMOURS X. IDIOPATHIC SPECIFIC UVEITIS SYNDROMES 1. Fuchs’ uveitis syndrome 2. Intermediate uveitis (pars planitis) 3. Sympathetic ophthalmitis (see page 413414) 4. Glaucomatocyclitic crisis. 5. Vogt-Koyanagi-Harada’s syndrome. 6. Bird shot retinochoroidopathy. 7. Acute multifocal placoid pigment epitheliopathy (AMPPE) 8. Serpiginous choroidopathy. I. UVEITIS IN CHRONIC SYSTEMIC BACTERIAL INFECTIONS TUBERCULAR UVEITIS
 
 Tuberculosis is a chronic granulomatous infection caused by bovine or human tubercle bacilli. It may cause both anterior and posterior uveitis. At one time very common, it is now becoming a rare cause. It accounts for 1% of uveitis in developed countries. However, in developing countries it still continues to be a common cause of uveitis. 1. Tubercular anterior uveitis. It may occur as acute non-granulomatous iridocyclitis or granulomatous anterior uveitis which in turn may be in the form of miliary tubercular iritis or conglomerate granuloma (solitary tuberculoma). 2. Tubercular posterior uveitis. It may occur as: i. Multiple miliary tubercles in the choroid which appear as round yellow white nodules one-sixth to two and half disc diameter in size. These are usually associated with tubercular meningitis. ii. Diffuse or disseminated choroiditis in chronic tuberculosis. iii. Rarely a large solitary choroidal granuloma. 3. Vasculitis. (Eales’ disease). see page 254. Diagnosis. There is no specific clinical finding in tubercular uveitis. Diagnosis is made from positive skin test, associated findings of systemic tuberculosis,
 
 intractable uveitis unresponsive to steroid therapy, a positive response to isoniazid test (a dramatic response of iritis to isoniazid 300 mg OD for 3 weeks). Treatment. In addition to usual treatment of uveitis, chemotherapy with rifampicin and isoniazid should be given for 12 months. Systemic corticosteroids should be deferred. ACQUIRED SYPHILITIC UVEITIS
 
 Acquired syphilis is a chronic venereal infection caused by Treponema pallidum (spirochaete). It affects both the anterior and posterior uvea. 1. Syphilitic anterior uveitis. It may occur as acute plastic iritis or granulomatous iritis. Acute plastic iritis typically occurs in the secondary stage of syphilis and also as a Herxheimer reaction 24-48 hours after therapeutic dose of the penicillin. Gummatous anterior uveitis occurs late in the secondary or rarely during the tertiary stage of syphilis. It is characterised by formation of yellowish red highly vascularised multiple nodules arranged near the pupillary border or ciliary border of iris. 2. Syphilitic posterior uveitis. It may occur as disseminated, peripheral or diffuse choroiditis. Diagnosis. Once suspected clinically, diagnosis is confirmed by FTA-ABS (fluorescent treponemal antibody absorption) blood test, which is specific and more sensitive than TPI (treponema pallidum immobilisation) test and VDRL tests. Treatment. In addition to local therapy of the uveitis, patient should be treated by systemic penicillin or other antisyphilitic drugs. LEPROTIC UVEITIS
 
 Leprosy (Hansen’s disease) is caused by mycobacterium leprae which is an acid-fast bacillus. The disease occurs in two principal forms: lepromatous and tuberculoid. Leprosy involves predominantly anterior uvea; more commonly in lepromatous than in the tuberculoid form of disease. Clinical types. Lepromatous uveitis may occur as acute iritis (non-granulomatous) or chronic iritis (granulomatous). 1. Acute iritis. It is caused by antigen-antibody
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 deposition and is characterised by severe exudative reaction. 2. Chronic granulomatous iritis. It occurs due to direct organismal invasion and is characterised by presence of small glistening ‘iris pearls’ near the pupillary margin in a necklace form; small pearls enlarge and coalesce to form large pearls. Rarely, a nodular lepromata may be seen. Treatment. Besides usual local therapy of iridocyclitis antileprotic treatment with Dapsone 50-100 mg daily or other drugs should also be instituted. II. UVEITIS IN NON-INFECTIOUS SYSTEMIC DISEASES UVEITIS IN SARCOIDOSIS
 
 Sarcoidosis is a multi-system disease of unknown etiology, characterised by formation of noncaseating epithelioid cell granuloma in the affected tissue. The disease typically affects young adults, frequently presenting with bilateral hilar lymphadenopathy, pulmonary infiltration, skin and ocular lesions. Ocular lesions occur in 20-50 percent patients and include: uveitis, vitritis with snowball opacities in inferior vitreous, choroidal and retinal granulomas, periphlebitis retinae with ‘candle wax droppings', conjunctival sarcoid nodule and keratoconjunctivitis sicca. Clinical types. Sarcoid uveitis accounts for 2 percent cases of uveitis. It may present as one of the following: 1. Acute iridocyclitis (non-granulomatous). It is frequently unilateral, associated with acute sarcoidosis characterised by hilar lymphadenopathy and erythema nodosum. 2. Chronic iridocyclitis. It is more common than acute and presents with typical features of bilateral granulomatous iridocyclitis. The disease is often seen in association with chronic sarcoidosis characterised by pulmonary fibrosis. 3. Uveoparotid fever (Heerfordt’s syndrome). It is characterised by bilateral granulomatous panuveitis, painful enlargement of parotid glands, cranial nerve palsies, skin rashes, fever and malaise. Diagnosis. Once suspected clinically, it is supported by positive Kveim test, abnormal X-ray chest (in 90
 
 percent cases) and raised levels of serum angiotensin converting enzyme (ACE). Confirmation of the disease is made by histological proof from biopsy of the conjunctival nodule, skin lesions or enlarged lymph node. Treatment. Topical, periocular and systemic steroids constitute the treatment of sarcoid uveitis, depending upon the severity. BEHCET’S DISEASE
 
 It is an idiopathic multisystem disease characterised by recurrent, non-granulomatous uveitis, aphthous ulceration, genital ulcerations and erythema multiforme. Etiology. It is still unknown; the basic lesion is an obliterative vasculitis probably caused by circulating immune complexes. The disease typically affects the young men who are positive for HLA-B51. Clinical features. Uveitis seen in Behcet’s disease is typically bilateral, acute recurrent iridocyclitis associated with hypopyon. It may also be associated with posterior uveitis, vitritis, periphlebitis retinae and retinitis in the form of white necrotic infiltrates. Treatment. No satisfactory treatment is available, and thus the disease has got comparatively poor visual prognosis. Corticosteroids may by helpful initially but ultimate response is poor. In some cases the disease may be controlled by chlorambucil. VOGT-KOYANAGI-HARADA (VKH) SYNDROME
 
 It is an idiopathic multisystem disorder which includes cutaneous, neurological and ocular lesions. The disease is comparatively more common in Japanese who are usually positive for HLA-DR4 and DW15. Clinical features
 
 1. Cutaneous lesions include: alopecia, poliosis and vitiligo. 2. Neurological lesions are in the form of meningism, encephalopathy, tinnitus, vertigo and deafness. 3. Ocular features are bilateral chronic granulomatous anterior uveitis, posterior uveitis and exudative retinal detachment. Treatment. It comprises steroids administered topically, periocularly and systemically.
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 III. UVEITIS IN ARTHRITIS UVEITIS WITH ANKYLOSING SPONDYLITIS
 
 Ankylosing spondylitis is an idiopathic chronic inflammatory arthritis, usually involving the sacroiliac and posterior inter-vertebral joints. The disease affects young males (20-40 years) who are positive for HLA-B27. About 30 to 35 percent patients with ankylosing spondylitis develop uveitis. Uveitis associated with ankylosing spondylitis is characteristically an acute, recurrent, nongranulomatous type of iridocyclitis. The disease usually affects one eye at a time. Treatment. It is on the lines of usual treatment of anterior uveitis. Long-term aspirin or indomethacin may decrease the recurrences. REITER’S SYNDROME
 
 It is characterised by a triad of urethritis, arthritis and conjunctivitis with or without iridocyclitis. Etiology. It is not known exactly. The syndrome typically involves young males who are positive for HLA-B27. The disease occurs in three forms: postvenereal due to non-gonococcal arthritis, postdysenteric and articular form. Ocular features. These include: (i) Acute mucopurulent conjunctivitis which may be associated with superifical punctate keratitis. (ii) Acute nongranulomatous type of iridocyclitis occurs in 20-30 percent cases of Reiter’s syndrome. Treatment. The iridocyclitis responds well to usual treatment. A course of systemic tetracycline 250 mg QID for 10 days may be useful in post-venereal form suspected of being caused by Chlamydia infection. JUVENILE CHRONIC ARTHRITIS
 
 Juvenile chronic arthritis (JCA) is an idiopathic chronic inflammatory arthritis involving multiple joints (knee, elbow, ankle and interphalangeal joints) in children below the age of 16 years. The disease is also referred as Juvenile rheumatoid arthritis, though the patients are sero-negative for rheumatoid factor. In 30 percent cases, polyarthritis is associated with hepatosplenomegaly and other systemic features, and the condition is labelled as Still’s disease. Anterior uveitis associated with JCA is a bilateral (70%), chronic non-granulomatous disease, affecting
 
 female children more than the male (4:1). It usually develops before the age of 6 years. Nearly half of the patients are positive for HLA-DW5 and 75 percent are positive for antinuclear antibodies (ANA). The onset of uveitis is asymptomatic and the eye is white even in the presence of severe uveitis. Therefore, slit-lamp examination is mandatory in children suffering from JCA. Complications like posterior synechiae, complicated cataract and band-shaped keratopathy are fairly common. Treatment is on the usual lines. IV. PARASITIC UVEITIS TOXOPLASMOSIS
 
 It is a protozoan infestation caused by Toxoplasma gondii, derived from cats (definitive host). Humans and other animals (cattle, sheep and pigs) are intermediate hosts. The disease primarily affects central nervous system (brain and retina). Systemic toxoplasmosis occurs in humans in two forms: congenital and acquired. 1. Congenital toxoplasmosis. It is much more common than the acquired form, and the infestation is acquired by the foetus through transplacental route from the mother contracting acute infestation during pregnancy. When pregnant females catch disease, about 49 percent infants are born with the disease which may be active or inactive at birth. The characteristic triad of congenital toxoplasmosis includes: convulsions, chorio-retinitis and intracranial calcification. In active stage the typical lesion is necrotic granulomatous retinochoroiditis involving the macular region. Most of the infants are born with inactive disease, characterised by bilateral healed punched out heavily pigmented chorioretinal scars in the macular area (Fig. 7.17), which is usually discovered when the child is brought for defective vision or squint check up. 2. Acquired toxoplasmosis. It is very rare (of doubtful existence). The infestation is acquired by eating the under-cooked meat of intermediate host containing cyst form of the parasite. Most of the patients are subclinical (asymptomatic); and the typical chorioretinal lesion similar to congenital toxoplasmosis is discovered by chance.
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 3. Recurrent toxoplasmic retinochoroiditis Pathogenesis. The parasites reaching the foetus through placenta involve its brain and retina, and also excite antibodies formation. After healing of the active retinal lesion (with which the infant is born), the parasites remain encysted there in inactive form. After about 10-40 years (average 25 years), the retinal cysts rupture and release hundreds of parasites, which by direct invasion cause a fresh lesion of focal necrotizing retinochoroidits, adjacent to the edge of the old inactive pigmented scar. In addition to this lesion, an inflammation in the iris, choroid and retinal vessels is excited due to antigen-antibody reaction. Clinical features. Recurrent toxoplasmic retinochoroiditis is a very common disease. It is characterised by a whitish-yellow, slightly raised area of infiltration located near the margin of old punched out scarred lesion in the macular region associated with severe vitritis. There may be associated nongranulomatous type of mild anterior uveitis. Diagnosis. The clinically suspected lesion is confirmed by ‘Indirect fluorescein antibody test’, haemagglutination test or ELISA test. The old methylene blue dye test is obsolete. Treatment. The active lesion of toxoplasmosis is treated by topical and systemic steroids along with a course of a antitoxoplasmic drug either spiramycin, clindamycin, sulfadiazine or pyremethamine. TOXOCARIASIS
 
 It is an infestation caused by an intestinal round worm of dogs (Toxocara canis) and cats (Toxocara catis). The young children who play with dogs and cats or eat dirt are infested by ova of these worms. These ova develop into larva in the human gut, and then produce the condition visceral larva migrans (VLM). Ocular toxocariasis. It is ocular infestation by these larva and is almost always unilateral. Clinically it can present as follows: 1. Toxocara chronic endophthalmitis. It usually presents with leucocoria due to marked vitreous clouding. The condition is seen in children between the age of 2-10 years and mimics retinoblastoma. 2. Posterior pole granuloma. It presents as a yellow-white, round, solitary, raised nodule, about 1-2 disc diameter in size, located either at the macula or in the centrocaecal area. The condition
 
 is usually seen in children between 5 and 15 years of age, presenting with unilateral loss of vision. 3. Peripheral granuloma. It is situated anterior to the equator and may be associated with vitreous band formation. It may present from 6 to 40 years of age. Diagnosis is made on the basis of clinical picture and ELISA blood test. Treatment. It consists of periocular (posterior subTenon) injection of steroid and systemic steroids. Pars plana vitrectomy may be required in unresponsive patients with endophthalmitis and in patients with vitreous band formation. V. FUNGAL UVEITIS PRESUMED OCULAR HISTOPLASMOSIS SYNDROME (POHS)
 
 Etiology. It is thought to be caused by the fungus Histoplasma capsulatum (though the fungus has not been isolated from the affected eyes; as the disease is more common in areas where histoplamosis is endemic (e.g., Mississippi-Ohio-Missouri river valley) and 90 percent of patients with POHS show positive histoplasmin skin test. POHS has also been reported form United Kingdom, suggesting that perhaps some other etiological agents are also capable of producing the disease. Clinical features. POHS is characterised by following features: 1. Histospots. These are atrophic spots scattered in the mid-retinal periphery. They are roundish, yellowish-white lesions measuring 0.2 to 0.7 disc diameter in size. These begin to appear in early childhood and represent the scars of disseminated histoplasma choroiditis. 2. Macular lesion. It starts as atrophic macular scar (macular histospot); followed by a hole in the Bruch’s membrane, which then allows ingrowth of capillaries leading to sub-retinal choroidal neovascularisation. Leakage of fluid from the neovascular membrane causes serous detachment, which when complicated by repeated haemorrhages constitutes haemorrhagic detachment. Ultimately, there develops fibrous disciform scar, which is associated with a marked permanent visual loss.
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 Diagnosis. The clinical diagnosis is supported but not confirmed by positive histoplasmin test, and complement fixation tests (negative in two thirds cases). Fluorescein angiography helps in early diagnosis of subretinal neovascular membrane. Treatment. Early argon laser photocoagulation of subretinal neovascular membrane may prevent marked permanent visual loss which occurs due to fibrous disciform scars. CANDIDIASIS
 
 It is an opportunistic infection caused by Candida albicans. It occurs in immuno-compromised patients which include: patients suffering from AIDS, malignancies, those receiving long-term antibiotics, steroids or cytotoxic drugs. Patients with long-term indwelling intravenous catheter used for haemodialysis, and drug addicts are also prone to such infection. Ocular candidiasis. It is not a common condition. It may occur as anterior uveitis, multifocal chorioretinitis, or endophthalmitis. 1. Anterior uveitis is associated with hypopyon. 2. Multifocal chorioretinitis is a more common lesion. It is characterised by occurrence of multiple small, round, whitish areas, which may be associated with areas of haemorrhages with pale centre (Roth’s spots). 3. Candida endophthalmitis is characterised by areas of severe retinal necrosis associated with vitreoretinal abscesses. Vitreous exudates present as ‘puff ball’ or ‘cotton ball’ colonies, which when joined by exudative strands form ‘string of pearls’. Treatment. It consists of :  Topical cycloplegics, and antifungal drugs.  Systemic antifungal drugs like ketoconazole, flucytosine or amphotericin-B are also needed.  Pars plana vitrectomy is required for candida endophthalmitis. VI. VIRAL UVEITIS UVEITIS IN HERPES ZOSTER OPHTHALMICUS
 
 Herpes zoster ophthalmicus (HZO) is the involvement of ophthalmic division of fifth nerve by varicella zoster (described on page 103).
 
 Anterior uveitis develops in 40-50 percent cases with HZO within 2 weeks of onset of the skin rashes. A typical HZO keratitis may be associated with mild iritis especially in patients with a vesicular eruption on the tip of nose. The iridocyclitis is nongranulomatous characterised by presence of small KPs, mild aqueous flare and occasional haemorrhagic hypopyon. Complications like iris atrophy and secondary glaucoma are not uncommon. Complicated cataract may also develop in late stages. Treatment. Topical steroids and cycloplegics to be continued for several months. Systemic acyclovir helps in early control of lesions of HZO. HERPES SIMPLEX UVEITIS
 
 It is associated with keratitis in most of the cases. It may be seen in association with dendritic or geographical corneal ulceration or with disciform keratitis. Rarely, anterior uveitis may occur even without keratitis. It is a mild grade non-granulomatous iridocyclitis excited by hypersensitivity reaction. Treatment. Keratitis is treated with antiviral drugs and cycloplegics. Steroids for iritis are contraindicated in the presence of active viral ulcers. Nonsteroidal anti-inflammatory drugs may be added in such cases. CYTOMEGALIC INCLUSION DISEASE
 
 It is a multisystem disease caused by cytomegalovirus (CMV). It occurs in two forms: congenital and acquired. 1. Congenital cytomegalic inclusion disease. It affects the neonates. The infection is acquired either transplacentally in utero or during birth from the infected cervix of mother. Its common systemic features are sensory deafness, mental retardation and convulsions. Ocular involvement occurs in the form of peripheral, central or total necrotizing chorioretinitis with associated vitreous haze. Posterior pole is involved more commonly and the lesions may be similar to those found in congenital toxoplasmosis. Secondary involvement of anterior uvea may occur rarely. 2. Acquired cytomegalic inclusion disease. It occurs only in the immunosuppressed patients (due to any cause). The infection may be acquired by droplet infection or by transfusion of fresh blood containing infected white cells.
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 Ocular involvement is in the form of ‘CMV retinitis’ characterised by presence of yellow-white exudates (areas of retinal necrosis) associated with areas of vasculitis and retinal haemorrhages. Some eyes may develop exudative retinal detachment. Ultimately, there occurs total retinal atrophy. Treatment. There is no specific treatment of CID. Recently treatment with intravenous dihydroxypropylmethyl guanine has been shown to cause regression in some cases.
 
 The disease is characterised by: (i) heterochromia of iris, (ii) diffuse stromal iris atrophy, (iii) fine KPs at back of cornea, (iv) faint aqueous flare, (v) absence of posterior synechiae, (vi) a fairly common rubeosis iridis, sometimes associated with neovascularisation of the angle of anterior chamber, and (vii) comparatively early development of complicated cataract and secondary glaucoma (usually open angle type).
 
 VII. LENS-INDUCED UVEITIS
 
 Treatment. Topical corticosteroids are all that is required. Cycloplegics are not required as usually there are no posterior synechiae.
 
 PHACOANAPHYLACTIC UVEITIS
 
 GLAUCOMATOCYCLITIC CRISIS
 
 It is an immunologic response to lens proteins in the sensitized eyes presenting as severe granulomatous anterior uveitis. The disease may occur following extracapsular cataract extraction, trauma to lens or leak of proteins in hypermature cataract. Clinical features. These include severe pain, loss of vision, marked congestion and signs of granulomatous iridocyclitis associated with presence of lens matter in the anterior chamber.
 
 Posner Schlossman syndrome is characterised by : (i) recurrent attacks of acute rise of intraocular pressure (40-50 mm of Hg) without shallowing of anterior chamber associated with, (ii) fine KPs at the back of cornea, without any posterior synechiae, (iii) epithelial oedema of cornea, (iv) a dilated pupil, and (v) a white eye (no congestion). The disease typically affects young adults, 40 percent of whom are positive for HLA-BW54.
 
 Treatment. It consists of removal of causative lens matter, topical steroids and cycloplegics. Visual prognosis is usually poor.
 
 Treatment. It includes medical treatment to lower intraocular pressure along with a short course of topical steroids.
 
 PHACOTOXIC UVEITIS
 
 SYMPATHETIC OPHTHALMITIS
 
 It is an ill-understood entity. This term is used to describe mild iridocyclitis associated with the presence of lens matter in the anterior chamber either following trauma or extracapsular cataract extraction or leak from hypermature cataracts. The uveal response due to direct toxic effect of lens matter or a mild form of allergic reaction is yet to be ascertained.
 
 It is a rare bilateral granulomatous panuveitis which is known to occur following penetrating ocular trauma usually associated with incarceration of uveal tissue in the wound. The injured eye is called ‘exciting eye’ and the fellow eye which also develops uveitis is called ‘sympathising eye’. For details see page 413
 
 Treatment. It consists of removal of lens matter, topical steroids and cycloplegics. VIII. TRAUMATIC UVEITIS (See page 405) IX. UVEITIS ASSOCIATED WITH INTRAOCULAR TUMOURS (See page 281) X. IDIOPATHIC SPECIFIC UVEITIS SYNDROMES FUCHS’ UVEITIS SYNDROME (FUS)
 
 Fuchs’ heterochromic iridocyclitis is a chronic nongranulomatous type of low grade anterior uveitis. It typically occurs unilaterally in middle-aged persons.
 
 ACUTE POSTERIOR MULTIFOCAL PLACOID PIGMENT EPITHELIOPATHY (APMPPE)
 
 It is a rare idiopathic self-limiting disorder characterised by bilateral, deep, placoid, cream coloured or grey white chorioretinal lesions involving the posterior pole and post-equatorial part of the fundus. Visual loss, seen in early stage due to macular lesions, usually recovers within 2 weeks. Complications though rare include mild anterior uveitis, vascular sheathing, exudative retinal detachment. After healing, multifocal areas of depigmentation and pigment clumping involving the retinal pigment epithelium are left. No treatment is effective.
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 SERPIGINOUS GEOGRAPHICAL CHOROIDOPATHY
 
 It is a rare, idiopathic, recurrent, bilaterally assymetrical inflammation involving the choriocapillaris and pigment epithelium of the retina. The disease typically affects patients between 40 and 60 years of age and is characterised by cream coloured patches with hazy borders present around the optic disc which spread in a tongue fashion. After few weeks the lesions heal leaving behind punched out areas of retinal pigment epithelium and choroidal atrophy. No treatment is effective.
 
 Complications of long-standing pars planitis include: cystoid macular oedema, complicated cataract and tractional retinal detachment. Treatment
 
 1. Corticosteroids administered systemically and as repeated periocular injections may be effective in some cases. 2. Immunosuppressive drugs may be helpful in steroid resistant cases. 3. Peripheral cryotherapy is also reported to be effective.
 
 BIRD-SHOT RETINOCHOROIDOPATHY
 
 It is a rare, idiopathic, bilaterally symmetrical chronic multifocal chorioretinitis characterised by numerous flat creamy-yellow spots due to focal chorioretinal hypopigmentation, resembling the pattern of ‘birdshot scatter from a shotgun’. The disease, more common in females than males, typically affects middle-aged healthy persons who are positive for HLA-A29. It runs a long chronic course of several years. Treatment with corticosteroids is usually not effective. INTERMEDIATE UVEITIS (PARS PLANITIS)
 
 It denotes inflammation of pars plana part of ciliary body and most peripheral part of the retina. Etiology. It is an idiopathic disease usually affecting both eyes (80 percent) of children and young adults. Pars planitis is a rather common entity, constituting 8 percent of uveitis patients. Clinical features. Symptoms. Most of the patients present with history of floaters. Some patients may come with defective vision due to associated cystoid macular oedema. Signs. The eye is usually quiet. Slit-lamp examination may show: mild aqueous flare, and fine KPs at the back of cornea. Anterior vitreous may show cells. Fundus examination with indirect ophthalmoscope reveals the whitish exudates present near the ora serrata in the inferior quadrant. These typical exudates are referred as snow ball opacities. These may coalesce to form a grey white plaque called snow banking.
 
 DEGENERATIVE CONDITIONS OF THE UVEAL TRACT (A) DEGENERATIONS OF THE IRIS
 
 1. Simple iris atrophy. It is characterised by depigmentation with thinning of iris stroma. Small patches of depigmentation are usually seen near the pupillary margin. A patch of simple iris atrophy may be senile, post-inflammatory, glaucomatous or neurogenic due to lesions of the ciliary ganglion. 2. Essential iris atrophy. It is a rare idiopathic condition characterised by unilateral progressive atrophy of the iris. The condition typically affects young females 5 times more than the males. Initially there occurs displacement of pupil away from the atrophic zone. Slowly the iris tissue melts away at many places resulting in pseudopolycoria. In advanced cases, intractable glaucoma supervenes due to formation of dense anterior peripheral synechiae. 3. Iridoschisis. It is a rare bilateral atrophy occurring as a senile degeneration in patients over 65 years of age. It may also occur as a later effect of iris trauma. It is characterised by formation of a cleft between the anterior and posterior stroma of the iris. As a consequence the strands of anterior stroma float into the anterior chamber.
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 (B) DEGENERATIONS AND DYSTROPHIES OF THE CHOROID
 
 TUMOURS OF THE UVEAL TRACT
 
 I. Primary choroidal degenerations
 
 CLASSIFICATION
 
 1. Senile central choroidal atrophy. It is characterised by formation of multiple drusens (colloid bodies) which look as yellowish spots. These are scattered throughout the fundus, but more marked in the macular area.
 
 I.
 
 2. Central areolar choroidal atrophy. It comprises bilateral punched out, circular atrophic lesion in the macular region. The lesion is characterised by white shining sclera, traversed by large ribbon-shaped choroidal vessels. Thus, there occurs atrophy of the choriocapillaris, retinal pigment epithelium and photoreceptors. 3. Essential gyrate atrophy. It is an inborn error of amino acid (ornithine) metabolism characterised by progressive patches of atrophy of choroid and retinal pigment epithelium (RPE). The disease begins in first decade of life with symptoms of night blindness and progresses slowly to involve the whole fundus by the age of 40-50 years with preservation of only macula. 4. Choroidremia. It is a hereditary choroidal dystrophy involving the males. The disease begins in first decade of life with symptoms of night blindness and fine whitish patches of choroidal and RPE atrophy. The lesions progress slowly and by the age of 40 years almost whole of the choroidal tissue and RPE disappear rendering the patient blind. At this age fundus picture is characterised by whitish sclera with overlying almost normal retinal vessels. 5. Myopic chorioretinal degeneration. (see page 34) II. Secondary choroidal degeneration
 
 It occurs following inflammatory lesions of the fundus. It is characterised by scattered area of chorioretinal atrophy and pigment clumping. Ophthalmoscopic picture resembles retinitis pigmentosa and hence also labelled sometimes as ‘pseudoretinitis pigmentosa’.
 
 TUMOURS OF CHOROID a) Benign 1. Naevus 2. Haemangioma 3. Melanocytoma 4. Choroidal osteoma b) Malignant 1. Melanoma II. TUMOURS OF CILIARY BODY a) Benign 1. Hyperplasia 2. Benign cyst 3. Meduloepithelioma b) Malignant 1. Melanoma III. TUMOURS OF IRIS a) Benign 1. Naevus 2. Benign cyst 3. Naevoxanthoendothelioma b) Malignant 1. Melanoma TUMOURS OF THE CHOROID Naevus
 
 It is a commonly occurring asymptomatic lesion, usually diagnosed on routine fundus examination. It typically presents as a flat, dark grey lesion with feathered margins, usually associated with overlying colloid bodies. Once diagnosed, it should be followed regularly, since it may undergo malignant change which is evidenced by: (i) Increasing pigmentation or height of the naevus. (ii) Appearance of orange patches of lipofuscin over the surface and (iii) Appearance of serous detachment in the area of a naevus. Choroidal haemangioma
 
 It occurs in two forms: 1. Localised choroidal haemangioma. It presents as a raised, dome-shaped, salmon pink swelling usually situated at the posterior pole of the eye. Overlying retina may show serous detachment, cystoid degeneration and pigment epithelium mottling. Fluorescein angiography is usually diagnostic. 2. Diffuse choroidal haemangioma. It is seen in association with Sturge-Weber syndrome and causes diffuse deep red discoloration of the fundus.
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 Melanocytoma
 
 It is a rare tumour which presents as a jet black lesion around the optic disc.
 
 4. Necrotic melanomas. These make up the remaining 5% of the all tumours. In these tumours the predominant cell type is unrecognizable.
 
 Choroidal osteoma
 
 Clinical picture
 
 It is a very rare benign tumour which presents as elevated, yellowish-orange lesion in the posterior pole. It typically affects the young women.
 
 For the purpose of discription only the clinical picture can be divided into four stages.
 
 Malignant melanoma of choroid
 
 It is the most common primary intraocular tumour of adults, usually seen between 40-70 years of age. It is rare in blacks and comparatively more common in whites. It arises from the neural crest derived pigment cells of the uvea as a solitary tumour and is usually unilateral. Pathology
 
 Gross pathology. The tumour may arise from a preexisting naevus or denovo from the mature melanocytes present in the stroma. It may occur in two forms: 1. Circumscribed (pedunculated) tumour. Initially it appears as flat, slate-grey area, which becomes raised and pigmented with growth and eventually ruptures through the Bruch’s membrane (CollarStud tumour). Further, growth of the tumour produces exudative retinal detachment. 2. Diffuse (flat) malignant melanoma: It spreads slowly throughout the uvea, without forming a tumour mass. It accounts for only 5 percent cases. In it symptoms occur late. Histopathology. Microscopically uveal melanomas are following four types (Modified Callender’s classification): 1. Spindle cell melanomas. These are composed of spindle-shaped cells and make up 45% of all tumours. Such tumours have best prognosis (80 percent 10 year survival). 2. Epithelioid cell melanomas. These consist of large, oval or round, pleomorphic cells with larger nuclei and abundant acidophilic cytoplasm. This type of tumours have the worst prognosis (35 percent 10 year survival). These make up 5% of all tumours. 3. Mixed cell melanomas. These are composed of both spindle and epithelioid cells and thus carry an intermediate prognosis (45 percent 10 year survival). These make up 45% of all tumours.
 
 1. Quiescent stage. During this stage symptoms depend upon the location and size of tumour. Small tumour located in the periphery may not produce any symptom, while tumours arising from the posterior pole present with early visual loss. A large tumour associated with exudative retinal detachment may produce marked loss of vision. Signs. Fundus examination during this stage may reveal following signs: i. A small tumour limited to the choroid; appears as an elevated pigmented oval mass (Fig. 7.22). Rarely the tumour may be amelanotic. The earliest pathognomic sign at this stage is appearance of orange patches in the pigment epithelium due to accumulation of the lipofuscin.
 
 Fig. 7.22. Fundus photograph showing choroidal melanoma as raised pigmented subretinal mass.
 
 ii. A large tumour which penetrates through the Bruch’s membrane and grows in the subretinal space is characterised by a large exudative retinal detachment (Fig. 7.23). At the central summit, the retina is in contact with the tumour. Ribbon-like wide vessels are seen coursing over the tumour surface in the area. Other associated features which can be seen occasionally include subretinal
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 or intraretinal haemorrhage, choroidal folds and vitreous haemorrhage. As the tumour grows, the exudative retinal detachment deepens and gradually the tumour fills the whole eye. 2. Glaucomatous stage. It develops when tumour is left untreated during the quiescent stage. Glaucoma may develop due to obstruction to the venous outflow by pressure on the vortex veins, blockage of the angle of anterior chamber by forward displacement of the lens iris diaphragm due to increasing growth of the tumour. Symptoms. The patient complains of severe pain, redness and watering in an already blind eye.
 
 Signs. (i) Conjunctiva is chemosed and congested. (ii) Cornea may show oedema. (iii) Anterior chamber is usually shallow. (iv) Pupil is fixed and dilated. (v) Lens is usually opaque, obstructing the back view. (vi) Intraocular pressure is raised, usually eye is stony hard. (vii) Sometimes features of iridocyclitis may be seen due to tumour-induced uveitis. 3. Stage of extraocular extension. Due to progressive growth the tumour may burst through sclera, usually at the limbus. The extraocular spread may occur even early along the perivascular spaces of the vortex veins or ciliary vessels. It is followed by rapid fungation and involvement of extraocular tissues resulting in marked proptosis (Fig. 7.24).
 
 Fig. 7.24. Extensive malignant melanoma of the choroid involving orbit. A
 
 4. Stage of distant metastasis. Lymphatic spread is usually not known. Blood-borne metastasis usually occurs in the liver and is the commonest cause of death. Differential diagnosis
 
 B Fig. 7.23. Malignant melanoma of the choroid causing exudative retinal detachment : A; Diagramatic depiction in cut section ; B, Fundus photograph.
 
 1. During quiescent stage differential diagnosis may be considered as below: i. A small tumour without an overlying exudative retinal detachment should be differentiated from a naevus, melanocytoma and hyperplasia of the pigment epithelium. ii. A tumour with overlying exudative retinal detachment should be differentiated from simple retinal detachment and other causes of exudative detachment especially choroidal haemangioma and secondary deposits. 2. During glaucomatous stage differentiation is to be made from other causes of acute glaucoma.
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 Investigations
 
 1. Indirect ophthalmoscopic examination. It allows three-dimensional stereoscopic view of the lesion. It also depicts the presence of shifting fluid which is pathognomic of exudative retinal detachment. 2. Transillumination test. It indicates a tumour mass and thus helps to differentiate from choroidal detachment and simple retinal detachment. 3. Ultrasonography: Both A and B scan help to outline the tumour mass in the presence of hazy media. 4. Fluorescein angiography is of limited diagnostic value because there is no pathognomic pattern. 5. Radioactive tracer: It is based on the fact that the neoplastic tissue has an increased rate of phosphate (32p) uptake. 6. MRI. Choroidal melanomas are hyperintense in T1-weighted and hypointense in T2-weighted images. Treatment
 
 1. Conservative treatment to salvage the eyeball should be tried unless the tumour is very large. Methods used and their indications are: i. Brachytherapy is usually the treatment of choice in tumours less than 10mm in elevation and less than 20 mm in basal diameter. Supplemental transpupillary thermotherapy may be required to enhance the results. ii. External beam radiotherapy with protons or helium ions is indicated in tumours unsuiatable for brachytherapy either because of size or posterior location to within 4mm of disc or fovea. iii. Transpupillary thermotherapy (TTT) with diode laser is indicated in selected small tumours, particularly if pigmented and located near the fovea or optic disc. It can also be supplemented over brachytherapy to enhence results. iv. Trans-scleral local resection is indicated in tumours that are too thick for radiotherapy and usually less than 16mm in diameter. It is a very difficult procedure which is performed under systemic arterial hypotension. v. Stereostatic radiosurgery is a new method indicated in large tumours. It involves singlesession delivery of ionizing radiation to a
 
 stereotactically localized volume of tissue with the help of Gamma knife. 2. Enucleation. It is indicated for for very larger tumours in which conservative methods to salvage the eyeball are not effective. 3. Exenteration or debulking with chemotherapy and radiotherapy is required in the stage of extraocular spread. 4. Palliative treatment with chemotherapy and immunotherapy may be of some use in prolonging life of the patients with distant metastasis. TUMOURS OF CILIARY BODY Hyperplasia and benign cyst
 
 These are insignificant lesions of the ciliary body. Medulloepithelioma (diktyoma)
 
 It is a rare congenital tumour arising from the nonpigmented epithelium of the ciliary body. It presents in the first decade of life. Malignant melanoma
 
 In the ciliary body it is usually diagnosed very late, due to its hidden location. It may extend anteriorly, posteriorly or grow circumferentially. Clinical features 1. Earliest features of a localised melonoma include slight hypotony, unaccountable defective vision and localised ‘sentinel’ dilated episcleral veins in the quadrant containing tumour. 2. An anterior spreading tumour may present as follows: i. It may cause pressure on the lens resulting in anterior displacement, subluxation and cataract formation. ii. It may involve iris and is visible immediately. Soon it may involve the angle of anterior chamber resulting in secondary glaucoma. iii. It may extend out through sclera along the vessels, presenting as an epibulbar mass. 3. Posterior spreading tumour may involve choroid and present as exudative retinal detachment. 4. The tumour may extend circumferentially involving whole of the ciliary body.
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 Pathological features These are similar to that of choroidal melanoma. Treatment 1. Enucleation. It is required for large ciliary body tumours extending anteriorly, posteriorly or circumferentially. 2. Local resection. Cyclectomy or irido-cyclectomy may be enough, if fortunately tumour is detected in early stage. TUMOURS OF IRIS Naevus
 
 It is the most common lesion of the iris. It presents as a flat, pigmented, circumscribed lesion of variable size. Rarely malignant change may occur in it, so it should be observed.
 
 Naevoxanthoendothelioma
 
 It is a rare fleshy vascular lesion seen in babies. It may cause recurrent hyphaema. It is treated with X-rays or steroids. Malignant melanoma
 
 It presents as a single or multiple rapidly growing vascular nodules. It spreads in the angle producing secondary glaucoma. It may penetrate through limbus and present as epibulbar mass. Pathological features are similar to that of melanoma of the choroid. Treatment 1. Wide iridectomy. It is performed for a tumour limited to the iris. 2. Iridocyclectomy. It is required for a tumour involving iris and ciliary body. 3. Enucleation. It should be performed when iris melanoma is associated with secondary glaucoma.
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 ANATOMY AND PHYSIOLOGY APPLIED ANATOMY 
 
 
 
 
 
 
 
 The lens is a transparent, biconvex, crystalline structure placed between iris and the vitreous in a saucer shaped depression the patellar fossa. Its diameter is 9-10 mm and thickness varies with age from 3.5 mm (at birth) to 5 mm (at extreme of age). Its weight varies from 135 mg (0-9 years) to 255 mg (40-80 years of age). It has got two surfaces: the anterior surface is less convex (radius of curvature 10 mm) than the posterior (radius of curvature 6 mm). These two surfaces meet at the equator. Its refractive index is 1.39 and total power is 15-16 D. The accommodative power of lens varies with age, being 14-16 D (at birth); 7-8 D (at 25 years of age) and 1-2 D (at 50 years of age).
 
 Structure (Fig. 8.1)
 
 1. Lens capsule. It is a thin, transparent, hyaline membrane surrounding the lens which is thicker over the anterior than the posterior surface. The lens
 
     
 
 Manual small incision cataract surgery Phacoemulsification Surgical techniques of extracapsular cataract extraction for childhood cataract Intraocular lens implantation Complications of cataract surgery and their management
 
 DISPLACEMENTS OF THE LENS  Subluxation  Dislocation CONGENITAL ANOMALIES OF THE LENS
 
 capsule is thickest at pre-equator regions (14 µ) and thinnest at the posterior pole (3 µ). 2. Anterior epithelium. It is a single layer of cuboidal cells which lies deep to the anterior capsule. In the equatorial region these cells become columnar, are actively dividing and elongating to form new lens fibres throughout the life. There is no posterior epithelium, as these cells are used up in filling the central cavity of lens vesicle during development of the lens. 3. Lens fibres. The epithelial cells elongate to form lens fibres which have a complicated structural form. Mature lens fibres are cells which have lost their nuclei. As the lens fibres are formed throughout the life, these are arranged compactly as nucleus and cortex of the lens (Fig. 8.2). i. Nucleus. It is the central part containing the oldest fibres. It consists of different zones, which are laid down successively as the development proceeds. In the beam of slit-lamp these are seen as zones of discontinuity. Depending upon the period of development, the different zones of the lens nucleus include:
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 Fig. 8.2. Y-shaped sutures of the fetal nuclear fibres.
 
 Fig. 8.1. Structure of the crystalline lens.
 
 Embryonic nucleus. It is the innermost part of nucleus which corresponds to the lens upto the first 3 months of gestation. It consists of the primary lens fibres which are formed by elongation of the cells of posterior wall of lens vesicle.  Fetal nucleus. It lies around the embryonic nucleus and corresponds to the lens from 3 months of gestation till birth. Its fibres meet around sutures which are anteriorly Y-shaped and posteriorly inverted Y-shaped (Fig.8.2).  Infantile nucleus corresponds to the lens from birth to puberty, and  Adult nucleus corresponds to the lens fibres formed after puberty to rest of the life. ii. Cortex. It is the peripheral part which comprises the youngest lens fibres. 
 
 4. Suspensory ligaments of lens (Zonules of Zinn). Also called as ciliary zonules, these consist essentially of a series of fibres passing from ciliary body to the lens. These hold the lens in position and enable the ciliary muscle to act on it. These fibres are
 
 arranged in three groups: i. The fibres arising from pars plana and anterior part of ora serrata pass anteriorly to get inserted anterior to the equator. ii. The fibres originating from comparatively anteriorly placed ciliary processes pass posteriorly to be inserted posterior to the equator. iii. The third group of fibres passes from the summits of the ciliary processes almost directly inward to be inserted at the equator. APPLIED PHYSIOLOGY AND BIOCHEMISTRY
 
 The crystalline lens is a transparent structure playing main role in the focussing mechanism for vision. Its physiological aspects include :  Lens transparency,  Metabolic activities of the lens, and  Accommodation (see page 39) Lens transparency
 
 Factors that play significant role in maintaining outstanding clarity and transparency of lens are:  Avascularity,  Tightly-packed nature of lens cells,  The arrangement of lens proteins,  Semipermeable character of lens capsule,  Pump mechanism of lens fibre membranes that regulate the electrolyte and water balance in the lens, maintaining relative dehydration and
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 Auto-oxidation and high concentration of reduced glutathione in the lens maintains the lens proteins in a reduced state and ensures the integrity of the cell membrane pump.
 
 Metabolism
 
 Lens requires a continuous supply of energy (ATP) for active transport of ions and aminoacids, maintenance of lens dehydration, and for a continuous protein and GSH synthesis. Most of the energy produced is utilized in the epithelium which is the major site of all active transport processes. Only about 10-20% of the ATP generated is used for protein synthesis. Source of nutrient supply. The crystalline lens, being an avascular structure is dependent for its metabolism
 
 on chemical exchanges with the aqueous humour. The chemical composition of the lens vis a vis aqueous humour and the chemical exchange between the two is depicted in Fig. 8.3. Pathways of glucose metabolism. Glucose is very essential for the normal working of the lens. Metabolic activity of the lens is largely limited to epithelium, and cortex, while the nucleus is relatively inert. In the lens, 80% glucose is metabolised anaerobically by the glycolytic pathway, 15 percent by pentose hexose monophosphate (HMP) shunt and a small proportion via oxidative Kreb's citric acid cycle. Sorbitol pathway is relatively inconsequential in the normal lens; however, it is extremely important in the production of cataract in diabetic and galactosemic patients.
 
 Fig. 8.3. Chemical composition of the lens vis-a-vis aqueous humour and the chemical exchange (pump-leak mechanism) between them. Values are in m moles/kg of lens water unless otherwise stated.
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 CATARACT Definition
 
 The crystalline lens is a transparent structure. Its transparency may be disturbed due to degenerative process leading to opacification of lens fibres. Development of an opacity in the lens is known as cataract. Classification
 
 A. Etiological classification I. Congenital and developmental cataract II. Acquired cataract 1. Senile cataract 2. Traumatic cataract (see page 405) 3. Complicated cataract 4. Metabolic cataract 5. Electric cataract 6. Radiational cataract 7. Toxic cataract e.g., i Corticosteroid-induced cataract ii. Miotics-induced cataract iii. Copper (in chalcosis) and iron (in siderosis) induced cataract. 8. Cataract associated with skin diseases (Dermatogenic cataract). 9. Cataract associated with osseous diseases. 10. Cataract with miscellaneous syndromes e.g., i. Dystrophica myotonica ii. Down's syndrome. iii. Lowe's syndrome iv. Treacher - Collin's syndrome B. Morphological classification (Fig. 8.4) 1. Capsular cataract. It involves the capsule and may be: i. Anterior capsular cataract ii. Posterior capsular cataract 2. Subcapsular cataract. It involves the superficial part of the cortex (just below the capsule) and includes: i. Anterior subcapsular cataract ii. Posterior subcapsular cataract 3. Cortical cataract. It involves the major part of the cortex. 4. Supranuclear cataract. It involves only the deeper parts of cortex (just outside the nucleus). 5. Nuclear cataract. It involves the nucleus of the crystalline lens.
 
 6. Polar cataract. It involves the capsule and superficial part of the cortex in the polar region only and may be: i. Anterior polar cataract ii. Posterior polar cataract CONGENITAL AND DEVELOPMENTAL CATARACTS
 
 These occur due to some disturbance in the normal growth of the lens. When the disturbance occurs before birth, the child is born with a congenital cataract. Therefore, in congenital cataract the opacity is limited to either embryonic or foetal nucleus. Developmental cataract may occur from infancy to adolescence. Therefore, such opacities may involve infantile or adult nucleus, deeper parts of cortex or capsule. Developmental cataract typically affects the particular zone which is being formed when this process is disturbed. The fibres laid down previously and subsequently are often normally formed and remain clear. Congenital and developmental opacities assume most variegated appearance and minute opacities (without visual disturbance) are very common in normal population. These are detected with the beam of slit lamp under full mydriasis.
 
 Fig. 8.4. Morphological shapes of cataract.
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 Etiology
 
 Exact etiology is not known. Some factors which have been associated with certain types of cataracts are described below: I. Heredity. Genetically-determined cataract is due to an anomaly in the chromosomal pattern of the individual. About one-third of all congenital cataracts are hereditary. The mode of inheritance is usually dominant. Common familial cataracts include: cataracta pulverulenta, zonular cataract (also occurs as non-familial), coronary cataract and total soft cataract (may also occur due to rubella). II. Maternal factors 1. Malnutrition during pregnancy has been associated with non-familial zonular cataract. 2. Infections. Maternal infections like rubella are associated with cataract in 50 percent of cases. Other maternal infections associated with congenital cataract include toxoplasmosis and cytomegalo-inclusion disease. 3. Drugs ingestion. Congenital cataracts have also been reported in the children of mothers who have taken certain drugs during pregnancy (e.g., thalidomide, corticosteroids). 4. Radiation. Maternal exposure to radiation during pregnancy may cause congenital cataracts. III. Foetal or infantile factors 1. Deficient oxygenation (anoxia) owing to placental haemorrhage. 2. Metabolic disorders of the foetus or infant such as galactosemia, galactokinase deficiency and neonatal hypoglycemia. 3. Cataracts associated with other congenital anomalies e.g., as seen in Lowe's syndrome, myotonia dystrophica and congenital icthyosis. 4. Birth trauma. 5. Malnutrition in early infancy may also cause developmental cataract. IV. Idiopathic. About 50 percent cases are sporadic and of unknown etiology. Clinical types
 
 Congenital and developmental cataracts have been variously classified. A simple morphological classification of congenital and developmental cataract is as under : I. Congenital capsular cataracts 1. Anterior capsular cataract 2. Posterior capsular cataract
 
 II. Polar cataracts 1. Anterior polar cataract 2. Posterior polar cataract III. Nuclear cataract IV. Lamellar cataract V. Sutural and axial cataracts 1. Floriform cataract 2. Coralliform cataract 3. Spear-shaped cataract 4. Anterior axial embryonic cataract VI. Generalized cataracts 1. Coronary cataract 2. Blue dot cataract 3. Total congenital cataract 4. Congenital membranous cataract I. Congenital capsular cataracts
 
 1. Anterior capsular cataracts are nonaxial, stationary and visually insignificant. 2. Posterior capsular cataracts are rare and can be associated with persistent hyaloid artery remnants. II. Polar cataracts
 
 1. Anterior polar cataract. It involves the central part of the anterior capsule and the adjoining superficial-most cortex. It may arise in the following ways: i. Due to delayed development of anterior chamber. In this case the opacity is congenital usually bilateral, stationary and visually insignificant. ii. Due to corneal perforation. Such cataracts may also be acquired in infantile stage and follow contact of the lens capsule with the back of cornea, usually after perforation due to ophthalmia neonatorum or any other cause. Morphological types: Anterior polar cataracts may occur as any of the following morphological patterns: i. Thickened white plaque in the centre of capsule. ii. Anterior pyramidal cataract. In it the thickened capsular opacity is cone-shaped with its apex towards cornea. iii. Reduplicated cataract (double cataract). Sometimes along with thickening of central point of anterior capsule, lens fibres lying immediately beneath it also become opaque and are subsequently separated from the capsule by laying of transparent fibres in between. The burried opacity is called ‘imprint’ and the two together constitute reduplicated cataract.
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 2. Posterior polar cataract. It is a very common lens anomaly and consists of a small circular circumscribed opacity involving the posterior pole. Associations. Posterior polar cataract may be associated with :  Persistent hyaloid artery remnants (Mittendorf dot),  Posterior lenticonus, and  Persistent hyperplastic primary vitreous (PHPV). Types. Posterior polar cataract occurs in two forms:  Stationary form and  Progressive form which progresses after birth. III. Nuclear cataracts
 
 i. Cataracta centralis pulverulenta (Embryonic nuclear cataract). It has dominant genetic trait and occurs due to inhibition of the lens development at a very early stage and thus, involves the embryonic nucleus. The condition is bilateral and is characterised by a small rounded opacity lying exactly in the centre of the lens. The opacity has a powdery appearance (pulverulenta) and usually does not affect the vision. ii. Total nuclear cataract. It usually involves the embryonic and fetal nucleus and sometimes infantile nucleus as well. It is characterized by a dense chalky white central opacity seriously impairing vision. The opacities are usually bilateral and non progressive.
 
 
 
 It is usually bilateral and frequently causes severe visual defects.
 
 V. Sutural and axial cataracts
 
 Sutural cataracts are comparatively of common occurrence and consist of a series of punctate opacities scattered around the anterior and posterior Y-sutures. Such cataracts are usually static, bilateral and do not have much effect on the vision. The individual opacities vary in size and shape and have different patterns and thus are named accordingly as under: 1. Floriform cataract. Here the opacities are arranged like the petals of a flower. 2. Coralliform cataract. Here the opacities are arranged in the form of a coral.
 
 IV. Lamellar cataract
 
 Lamellar or Zonular cataract refer to the developmental cataract in which the opacity occupies a discrete zone in the lens. It is the most common type of congenital cataract presenting with visual impairment. It accounts for about 40 percent of the cases. Etiology. It may be either genetic or environmental in origin.  Genetic pattern is usually of dominant variety.  Environmental form is associated with deficiency of vitamin D.  Sometimes maternal rubella infection contracted between 7th and 8th week of gestation may also cause lamellar cataract. Characteristic features. Typically, this cataract occurs in a zone of foetal nucleus surrounding the embryonic nucleus (Fig. 8.5).  Occasionally two such rings of opacity are seen.  The main mass of the lens internal and external to the zone of cataract is clear, except for small linear opacities like spokes of a wheel (riders) which may be seen towards the equator.
 
 C Fig. 8.5. Lamellar cataract : A & B, Diagramatic depiction as seen by oblique illumination and in optical section with the beam of the slit-lamp, respectively; C, Clinical photograph.
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 3. Spear-shaped cataract. The lenticular opacities are in the form of scattered heaps of shining crystalline needles. 4. Anterior axial embryonic cataract occurs as fine dots near the anterior Y-suture. VI. Generalized cataracts
 
 1. Coronary cataract (Fig. 8.6). It is an extremely common form of developmental cataract occurring about puberty; thus involving either the adolescent nucleus or deeper layer of the cortex. The opacities are often many hundreds in number and have a regular radial distribution in the periphery of lens (corona of club-shaped opacities) encircling the central axis. Since the opacities are situated peripherally, vision is usually unaffected. Sometimes the associated large punctate opacities may marginally reduce the vision.
 
 2. Blue dot cataract. It is also called cataractapunctata-caerulea. It usually forms in the first two decades of life. The characteristic punctate opacities are in the form of rounded bluish dots situated in the peripheral part of adolescent nucleus and deeper layer of the cortex. Opacities are usually stationary and do not affect vision. However, large punctate opacities associated with coronary cataract may marginally reduce the vision. 3. Total congenital cataract. It is a common variety and may be unilateral or bilateral (Fig. 8.7). In many cases there may be hereditary character. Its other important cause is maternal rubella, occurring during the first trimester of pregnancy. Typically, the child is born with a dense white nuclear cataract. It is a progressive type of cataract. The lens matter may remain soft or may even liquefy (congenital Morgagnian cataract). Congenital rubella cataract may occur alone or as part of the classical rubella syndrome which consists of: i. Ocular defects (congenital cataract, salt and pepper retinopathy and microphthalmos). ii. Ear defects (deafness due to destruction of organ of Corti). iii. Heart defects (patent ductus arteriosus, pulmonary stenosis and ventricular septal defects). 4. Congenital membranous cataract. Sometimes there may occur total or partial absorption of congenital cataract, leaving behind thin membranous cataract. Rarely there is complete disappearance of all the lens fibres and only a fine transparent lens capsule remains behind. Such a patient may be
 
 C Fig. 8.6. Coronary cataract : A & B as seen by oblique illumination and in optical section with the beam of the slit-lamp, respectively, C, Clinical photograph.
 
 Fig. 8.7. Total congenital cataract.
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 misdiagnosed as having congenital aphakia. This is associated with Hallermann-Streiff-Francois Synodrome. Differential diagnosis
 
 Congenital cataracts presenting with leukocoria need to be differentiated from various other conditions presenting with leukocoria such as retinoblastoma, retinopathy of prematurity, persistent hyperplastic primary vitreous (PHPV), etc., (also see page 282) Management of congenital and developmental cataract A. Clinico-investigative work up. A detailed clinico-
 
 investigative work up is most essential in the management of paediatric cataract. It should aim at knowing the prognostic factors and indications and timing of surgery. 1. Ocular examination should be carried out with special reference to:  Density and morphology of cataract  Assessment of visual function is difficult in infants and small children. An idea may be made from the density and morphology of the cataract by oblique illumination examination and fundus examination. Special tests like fixation reflex, forced choice preferential looking test, visually evoked potential (VEP), optic-kinetic nystagmus (OKN) etc. also provide useful information.  Associated ocular defects should be noted (which include microphthalmos, glaucoma, PHPV, foveal hypoplasia, optic nerve hypoplasia, and rubella retinopathy etc. 2. Laboratory investigations should be carried out to detect following systemic associations in nonhereditary cataracts:  Intrauterine infections viz. toxoplasmosis, rubella, cytomegalo virus and herpes virus by TORCH test.  Galactosemia by urine test, for reducing substances, red blood cell transferase and glactokinase levels.  Lowe's syndrome by urine chromatography for amino acids.  Hyperglycemia by blood sugar.  Hypocalcemia by serum calcium and phosphate levels and X-ray skull.
 
 B. Prognostic factors which need to be noted are:     
 
 Density of cataract, Unilateral or bilateral cataract, Time of presentation, Associated ocular defects, and Associated systemic defects
 
 C. Indications and timing of paediatric cataract surgery,
 
 1. Partial cataracts and small central cataracts which are visually insignificant can safely be ignored and observed or may need non-surgical treatment with pupillary dilatation. 2. Bilateral dense cataracts should be removed early (within 6 weeks of birth) to prevent stimulus deprivation amblyopia. 3. Unilateral dense cataract should preferably be removed as early as possible (within days) after birth. However, it must be born in mind that visual prognosis in most of the unilateral cases is very poor even after timely operation because correction of aphakia and prevention of amblyopia in infants is an uphill task. D. Surgical procedures. Childhood cataracts,
 
 (congenital, developmental as well as acquired) can be dealt with anterior capsulotomy and irrigation aspiration of the lens matter or lensectomy. Surgical technique of these procedures is described on page 193. Note. The needling operation (which was performed in the past) is now obsolete. E. Correction of paediatric aphakia. It is still an unsolved query. Presently common views are as follows:  Children above the age of 2 years can be corrected by implantation of posterior chamber intraocular lens during surgery.  Children below the age of 2 years should preferably be treated by extended wear contact lens. Spectacles can be prescribed in bilateral cases. Later on secondary IOL implantation may be considered. Present trend is to do primary implantation at the earliest possible (2-3 months) specially in unilateral cataract. Paediatric IOL: size, design and power. The main concerns regarding the use of IOL in children are the growth of the eye, IOL power considerations,
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 increased uveal reaction and long-term safety. Present recommendation are :  Size of IOL above the age of 2 years may be standard 12 to 12.75-mm diameter for in the bag implantation.  Design of IOL recommended is one-piece PMMA with modified C-shaped haptics (preferably heparin coated).  Power of IOL. In children between 2-8 years of age 10% undercorrection from the calculated biometric power is recommended to counter the myopic shift. Below 2 years on undercorrection by 20% is recomended. F. Correction of amblyopia. It is the central theme
 
 around which management of childhood cataract and aphakia revolves. In spite of best efforts, it continues to be the main cause of ultimate low vision in these children. For management see page 319. ACQUIRED CATARACT
 
 We have studied that congenital and developmental cataracts occur due to disturbance in the formation of the lens fibres, i.e., instead of clear, opaque lens fibres are produced. While, in acquired cataract, opacification occurs due to degeneration of the already formed normal fibres. The exact mechanism and reasons for the degeneration of lens fibres are yet not clear. However, in general any factor, physical, chemical or biological, which disturbs the critical intra and extracellular equilibrium of water and electrolytes or deranges the colloid system within the lens fibres, tends to bring about opacification. The factors responsible for disturbing such an equilibrium of the lens fibres vary in different types of acquired cataracts and shall be discussed with the individual type. A few common varieties of acquired cataract are described here. SENILE CATARACT
 
 Also called as ‘age-related cataract’, this is the commonest type of acquired cataract affecting equally persons of either sex usually above the age of 50 years. By the age of 70 years, over 90% of the individuals develop senile cataract. The condition is usually bilateral, but almost always one eye is affected earlier than the other. Morphologically, the senile cataract occurs in two
 
 forms, the cortical (soft cataract) and the nuclear (hard cataract). The cortical senile cataract may start as cuneiform (more commonly) or cupuliform cataract. It is very common to find nuclear and cortical senile cataracts co-existing in the same eye; and for this reason it is difficult to give an accurate assessment of their relative frequency. In general, the predominant form can be given as cuneiform 70 percent, nuclear 25 percent and cupuliform 5 percent. Etiology
 
 Senile cataract is essentially an ageing process. Though its precise etiopathogenesis is not clear, the various factors implicated are as follows: A. Factors affecting age of onset, type and maturation of senile cataract.
 
 1. Heredity. It plays a considerable role in the incidence, age of onset and maturation of senile cataract in different families. 2. Ultraviolet irradiations. More exposure to UV irradiation from sunlight have been implicated for early onset and maturation of senile cataract in many epidemiological studies. 3. Dietary factors. Diet deficient in certain proteins, amino acids, vitamins (riboflavin, vitamin E, vitamin C), and essential elements have also been blamed for early onset and maturation of senile cataract. 4. Dehydrational crisis. An association with prior episode of severe dehydrational crisis (due to diarrhoea, cholera etc.) and age of onset and maturation of cataract is also suggested. 5. Smoking has also been reported to have some effect on the age of onset of senile cataract. Smoking causes accumulation of pigmented molecules—3 hydroxykynurinine and chromophores, which lead to yellowing. Cyanates in smoke causes carbamylation and protein denaturation. B. Causes of presenile cataract. The term presenile
 
 cataract is used when the cataractous changes similar to senile cataract occur before 50 years of age. Its common causes are: 1. Heredity. As mentioned above because of influence of heredity, the cataractous changes may occur at an earlier age in successive generations.
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 2. Diabetes mellitus. Age-related cataract occurs earlier in diabetics. Nuclear cataract is more common and tends to progress rapidly. 3. Myotonic dystrophy is associated with posterior subcapsular type of presenile cataract. 4. Atopic dermatitis may be associated with presenile cataract (atopic cataract) in 10% of the cases.
 
 Stages of maturation
 
 C. Mechanism of loss of transparency. It is
 
 2. Stage of incipient cataract. In this stage early detectable opacities with clear areas between them are seen. Two distinct types of senile cortical cataracts can be recognised at this stage: (a) Cuneiform senile cortical cataract. It is characterised by wedge-shaped opacities with clear areas in between. These extend from equator towards centre and in early stages can only be demonstrated after dilatation of the pupil. They are first seen in the lower nasal quadrant. These opacities are present both in anterior and posterior cortex and their apices slowly progress towards the pupil. On oblique illumination these present a typical radial spoke-like pattern of greyish white opacities (Fig. 8.9). On distant direct ophthalmoscopy, these opacities appear as dark lines against the red fundal glow.
 
 basically different in nuclear and cortical senile cataracts. 1. Cortical senile cataract. Its main biochemical features are decreased levels of total proteins, amino acids and potassium associated with increased concentration of sodium and marked hydration of the lens, followed by coagulation of proteins. The probable course of events leading to senile opacification of cortex is as shown in the Figure 8.8. 2. Nuclear senile cataract. In it the usual degenerative changes are intensification of the agerelated nuclear sclerosis associated with dehydration and compaction of the nucleus resulting in a hard cataract. It is accompanied by a significant increase in water insoluble proteins. However, the total protein content and distribution of cations remain normal. There may or may not be associated deposition of pigment urochrome and/or melanin derived from the amino acids in the lens.
 
 Fig. 8.8. Flow chart depicting probable course of events involved in occurence of cortical senile cataract.
 
 [A] Maturation of the cortical type of senile cataract
 
 1. Stage of lamellar separation. The earliest senile change is demarcation of cortical fibres owing to their separation by fluid. This phenomenon of lamellar separation can be demonstrated by slit-lamp examination only. These changes are reversible.
 
 Since the cuneiform cataract starts at periphery and extends centrally, the visual disturbances are noted at a comparatively late stage. (b) Cupuliform senile cortical cataract. Here a saucershaped opacity develops just below the capsule
 
 Fig. 8.9. Diagrammatic depiction of Immature senile cataract (cuneiform type): A, as seen by oblique illumination; B, in optical section with the beam of the slit-lamp.
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 usually in the central part of posterior cortex (posterior subcapsular cataract), which gradually extends outwards. There is usually a definite demarcation between the cataract and the surrounding clear cortex. Cupuliform cataract lies right in the pathway of the axial rays and thus causes an early loss of visual acuity. 3. Immature senile cataract (ISC). In this stage, opacification progresses further. The cuneiform (Fig. 8.9) or cupuliform patterns can be recognised till the advanced stage of ISC when opacification becomes more diffuse and irregular. The lens appears greyish white (Fig. 8.10) but clear cortex is still present and so iris shadow is visible. In some patients, at this stage, lens may become swollen due to continued hydration. This condition is called ‘intumescent cataract'. Intumescence may persist even in the next stage of maturation. Due to swollen lens anterior chamber becomes shallow. 4. Mature senile cataract (MSC). In this stage, opacification becomes complete, i.e., whole of the cortex is involved. Lens becomes pearly white in colour. Such a cataract is also labelled as ‘ripe cataract’ (Fig. 8.11). 5. Hypermature senile cataract (HMSC). When the mature cataract is left in situ, the stage of hypermaturity sets in. The hypermature cataract may occur in any of the two forms: (a) Morgagnian hypermature cataract: In some patients, after maturity the whole cortex liquefies and the lens is converted into a bag of milky fluid. The small brownish nucleus settles at the
 
 Fig. 8.11. Mature senile cortical cataract.
 
 bottom, altering its position with change in the position of the head. Such a cataract is called Morgagnian cataract (Fig. 8.12). Sometimes in this stage, calcium deposits may also be seen on the lens capsule.
 
 A
 
 B Fig. 8.10. Immature senile cortical cataract.
 
 Fig. 8.12. Morgagnian hypermature senile cataract : A, diagrammatic depiction; B, Clinical photograph.
 
 178
 
 Comprehensive OPHTHALMOLOGY
 
 (b) Sclerotic type hypermature cataract: Sometimes after the stage of maturity, the cortex becomes disintegrated and the lens becomes shrunken due to leakage of water. The anterior capsule is wrinkled and thickened due to proliferation of anterior cells and a dense white capsular cataract may be formed in the pupillary area. Due to shrinkage of lens, anterior chamber becomes deep and iris becomes tremulous (iridodonesis). [B] Maturation of nuclear senile cataract
 
 In it, the sclerotic process renders the lens inelastic and hard, decreases its ability to accommodate and obstructs the light rays. These changes begin centrally (Fig. 8.13) and slowly spread peripherally almost up to the capsule when it becomes mature; however, a very thin layer of clear cortex may remain unaffected. The nucleus may become diffusely cloudy (greyish) or tinted (yellow to black) due to deposition of pigments. In practice, the commonly observed pigmented nuclear cataracts are either amber, brown (cataracta brunescens) or black (cataracta nigra) and rarely reddish (cataracta rubra) in colour (Fig. 8.14).
 
 Fig. 8.13. Early nuclear senile cataract.
 
 2.
 
 3.
 
 Clinical features
 
 4.
 
 Symptoms. An opacity of the lens may be present without causing any symptoms; and may be discovered on routine ocular examination. Common symptoms of cataract are as follows: 1. Glare. One of the earliest visual disturbances with the cataract is glare or intolerance of bright light; such as direct sunlight or the headlights of
 
 A
 
 5. 6.
 
 B
 
 an oncoming motor vehicle. The amount of glare or dazzle will vary with the location and size of the opacity. Uniocular polyopia (i.e., doubling or trebling of objects): It is also one of the early symptoms. It occurs due to irregular refraction by the lens owing to variable refractive index as a result of cataractous process. Coloured halos. These may be perceived by some patients owing to breaking of white light into coloured spectrum due to presence of water droplets in the lens. Black spots in front of eyes. Stationary black spots may be perceived by some patients. Image blur, distortion of images and misty vision may occur in early stages of cataract. Loss of vision. Visual deterioration due to senile cataract has some typical features. It is painless and gradually progressive in nature. Paitents with
 
 C
 
 Fig. 8.14. Nuclear cataract: A, cataracta brunescens; B, cataracta nigra; and C, Cataracta rubra.
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 central opacities (e.g., cupuliform cataract) have early loss of vision. These patients see better when pupil is dilated due to dim light in the evening (day blindness). In patients with peripheral opacities (e.g. cuneiform cataract) visual loss is delayed and the vision is improved in bright light when pupil is contracted. In patients with nuclear sclerosis, distant vision deteriorates due to progressive index myopia. Such patients may be able to read without presbyopic glasses. This improvement in near vision is referred to as ‘second sight'. As opacification progresses, vision steadily diminishes, until only perception of light and accurate projection of rays remains in stage of mature cataract. Signs. Following examination should be carried out to look for different signs of cataract: 1. Visual acuity testing. Depending upon the location and maturation of cataract, the visual acuity may range from 6/9 to just PL + (Table 8.1). 2. Oblique illumination examination. It reveals colour of the lens in pupillary area which varies in different types of cataracts (Table 8.1). 3. Test for iris shadow. When an oblique beam of light is thrown on the pupil, a crescentric shadow of pupillary margin of the iris will be formed on the greyish opacity of the lens, as long as clear cortex is present between the opacity and the
 
 Fig. 8.15. Diagrammatic depiction of iris shadow in : immature cataract (A) and no iris shadow in mature cataract (B).
 
 pupillary margin (Fig. 8.15). When lens is completely transparent or completely opaque, no iris shadow is formed. Hence, presence of iris shadow is a sign of immature cataract. 4. Distant direct ophthalmoscopic examination (for procedure see page 564). A reddish yellow fundal glow is observed in the absence of any opacity in the media. Partial cataractous lens shows black shadow against the red glow in the area of cataract. Complete cataractous lens does not even reveal red glow (Table 8.1).
 
 Table 8.1: Signs of senile cataract Examination
 
 Nuclear cataract
 
 ISC
 
 MSC
 
 HMSC(M)
 
 HMSC(S)
 
 1. Visual acuity 2. Colour of lens brown, black or red
 
 6/9 to PL+ Grey, amber,
 
 6/9 to FC+ Greyish white
 
 PL+ Milky white hyper-white spots
 
 PL+ Dirty white with
 
 3. Iris shadow 4. Distant direct ophthalmoscopy with dilated pupil 5. Slit-lamp examination
 
 Seen Central dark area against red fundal glow
 
 Seen Multiple dark areas against red fundal glow
 
 Not seen No red glow milky white pupil
 
 Not seen No red glow
 
 Nuclear opacity clear cortex cortex
 
 Areas of normal with cataractous
 
 HM+ to PL+ Pearly white with sinking brownish nucleus Not seen No red glow but white pupil due to complete cataract Complete cortex is cataractous
 
 Milky white Shrunken sunken brown- cataractous lens ish nucleus with thickened anterior capsule
 
 ISC: Immature senile cataract, MSC: Mature senile cataract, HMSC (M) Hypermature senile cataract (Morgagnian), HMSC (S): Hypermature senile cataract (Sclerotic), PL: Perception of light, HM: Hand movements, FC: Finger counting.
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 5. Slit-lamp examination should be performed with a fully-dilated pupil. The examination reveals complete morphology of opacity (site, size, shape, colour pattern and hardness of the nucleus). Grading of nucleus hardness in a cataractous lens is important for setting the parameters of machine in phacoemulsification technique of cataract extraction. The hardness of the nucleus, depending upon its colour on slit-lamp examination, can be graded as shown in Table 8.2 and (Fig. 8.16) : Table 8.2. Grading of nucleus hardness on slit-lamp biomicroscopy. Grade of hardness
 
 Description of hardness
 
 Colour of nucleus
 
 Grade I
 
 Soft
 
 Grade Grade Grade Grade
 
 Soft-medium Medium-hard Hard Ultrahard (rock-hard)
 
 White or greenish yellow Yellowish Amber Brownish Blackish
 
 II III IV V
 
 The signs observed on above examinations in different stages of senile cataract are shown in Table 8.1. Differential diagnosis
 
 1. Immature senile cataract (ISC) can be differentiated from nuclear sclerosis without any cataract as shown in Table 8.3. Table 8.3 : Immature senile cataract versus nuclear sclerosis ISC
 
 Nuclear sclerosis
 
 1. Painless progressive loss of vision
 
 1. Painless progressive loss of vision
 
 2. Greyish colour of lens
 
 2. Greyish colour of lens
 
 3. Iris shadow is present
 
 3. Iris shadow is absent
 
 4. Black spots against red 4. No black spots are glow are observed on seen against red glow distant direct ophthalmoscopy 5. Slit-lamp examination reveals area of cataractous cortex
 
 5. Slit-lamp examination reveals clear lens
 
 6. Visual acuity does not improve on pin-hole testing
 
 6. Visual acuity usually improves on pin-hole testing
 
 II. Mature senile cataract can be differentiated from other causes of white pupillary reflex (leukocoria) as shown in Table 8.4. Table 8.4 : Differences between mature senile cataract and leukocoria MSC 1. White reflex in pupillary area 2. Size of pupil usually normal 3. Fourth Purkinje image is absent 4. Slit-lamp examination shows cataractous lens 5. Ultrasonography normal Fig. 8.16. Slit-lamp biomicroscopic grading of nucleus hardness in cataractous lens.
 
 Leukocoria White reflex in pupillary area Pupil usually semidilated Fourth Purkinje image is present Slit-lamp examination shows transparent lens with white reflex behind the lens Ultrasonography reveals opacity in the vitreous cavity
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 Complications
 
 Hypocalcaemic cataract
 
 1. Phacoanaphylactic uveitis. A hypermature cataract may leak lens proteins into anterior chamber. These proteins may act as antigens and induce antigenantibody reaction leading to uveitis.
 
 Cataractous changes may be associated with parathyroid tetany, which may occur due to atrophy or inadvertent removal (during thyroidectomy) of parathyroid glands. Multicoloured crystals or small discrete white flecks of opacities are formed in the cortex which seldom mature.
 
 2. Lens-induced glaucoma. It may occur by different mechanisms e.g., due to intumescent lens (phacomorphic glaucoma) and leakage of proteins into the anterior chamber from a hypermature cataract (phacolytic glaucoma). 3. Subluxation or dislocation of lens. It may occur due to degeneration of zonules in hypermature stage. METABOLIC CATARACTS
 
 These cataracts occur due to endocrine disorders and biochemical abnormalities. A few common varieties of metabolic cataracts are described here. Diabetic cataract
 
 Diabetes is associated with two types of cataracts: 1. Senile cataract in diabetics appears at an early age and progresses rapidly. 2. True diabetic cataract. It is also called ‘snow flake cataract’ or ‘snow-storm cataract’. It is a rare condition, usually occurring in young adults due to osmotic over-hydration of the lens. Initially a large number of fluid vacuoles appear underneath the anterior and posterior capsules, which is soon followed by appearance of bilateral snowflake-like white opacities in the cortex. Galactosaemic cataract
 
 It is associated with inborn error of galactose metabolism. Galactosaemia occurs in two forms: 1. Classical galactosaemia occurs due to deficiency of galactose-1 phosphate uridyl-transferase (GPUT); and 2. A related disorder occurs due to deficiency of galactokinase (GK). Characterstic features. Galactosaemia is frequently associated with the development of bilateral cataract (oil droplet central lens opacities). The lens changes may be reversible and occurrence of cataract may be prevented, if milk and milk products are eliminated from the diet when diagnosed at an early stage.
 
 Cataract due to error of copper metabolism
 
 Inborn error of copper metabolism results in Wilson’s disease (hepatolenticular degeneration). The green ‘sunflower cataract’ may be observed rarely in such patients. The more commonly observed ocular feature of Wilson’s disease is ‘Kayser-Fleischer ring’ (KF ring) in the cornea. Cataract in Lowe's syndrome
 
 Lowe’s (Oculo-cerebral-renal) syndrome is a rare inborn error of amino acid metabolism.  Ocular features include congenital cataract and glaucoma.  Systemic features of this syndrome are mental retardation, dwarfism, osteomalacia, muscular hypotonia and frontal prominence. COMPLICATED CATARACT
 
 It refers to opacification of the lens secondary to some other intraocular disease. Some authors use the term secondary cataract for the complicated cataract. Many authors use the term secondary cataract to denote after cataract. Therefore, to avoid confusion and controversy, preferably, the term secondary cataract should be discarded. Etiology
 
 The lens depends for its nutrition on intraocular fluids. Therefore, any condition in which the ocular circulation is disturbed or in which inflammatory toxins are formed, will disturb nutrition of the crystalline lens, resulting in development of complicated cataract. Some important ocular conditions giving rise to complicated cataract are listed here. 1. Inflammatory conditions. These include uveal inflammations (like iridocyclitis, parsplanitis, choroiditis), hypopyon corneal ulcer and endophthalmitis. 2. Degenerative conditions such as retinitis pigmentosa and other pigmentary retinal dystrophies and myopic chorioretinal degeneration.
 
 182
 
 Comprehensive OPHTHALMOLOGY
 
 3. Retinal detachment. Complicated cataract may occur in long-standing cases. 4. Glaucoma (primary or secondary) may sometimes result in complicated cataract. The underlying cause here is probably the embarrassment to the intraocular circulation, consequent to the raised pressure. 5. Intraocular tumours such as retinoblastoma or melanoma may give rise to complicated cataract in late stages. Clinical features
 
 Typically the complicated cataract starts as posterior cortical cataract. Lens changes appear typically in front of the posterior capsule. The opacity is irregular in outline and variable in density. In the beam of slitlamp the opacities have an appearance like ‘breadcrumb’. A very characteristic sign is the appearance of iridescent coloured particles the so-called ‘polychromatic lustre’ of reds, greens and blues. A diffuse yellow-haze is seen in the adjoining cortex. Slowly the opacity spreads in the rest of the cortex, and finally the entire lens becomes opaque, giving chalky white appearance. Deposition of calcium is common in the later stages. TOXIC CATARACTS Corticosteroid-induced cataract
 
 Posterior subcapsular opacities are associated with the use of topical as well as systemic steroids. The exact relationship between dose and duration of corticosteroid therapy with the development of cataract is still unclear. However, in general, prolonged use of steroids in high doses may result in cataract formation. Children are more susceptible than adults. Therefore, it is recommended that all patients with diseases requiring prolonged corticosteroids therapy should be regularly examined on slit-lamp by an ophthalmologist. Further, intermittent regimes should be preferred over regular therapy and whenever possible steroids should be substituted by nonsteroidal anti-inflammatory drugs (NSAIDs). Miotics-induced cataract
 
 Anterior subcapsular granular type of cataract may be associated with long-term use of miotics, particularly long acting cholinesterase inhibitors such as echothiophate, demecarium bromide, disopropyl
 
 fluorophosphate (DFP). Removal of the drug may stop progression and occasionally may cause reversal of cataract. Other toxic cataracts
 
 Other drugs associated with fine toxic cataracts are amiodarone, chlorpromazine, busulphan, gold and allopurinol. RADIATIONAL CATARACT
 
 Exposure to almost all types of radiant energy is known to produce cataract by causing damage to the lens epithelium. Following types are known: 1. Infrared (heat) cataract
 
 Prolonged exposure (over several years) to infra-red rays may cause discoid posterior subcapsular opacities and true exfoliation of the anterior capsule. It is typically seen in persons working in glass industries, so also called as ‘glass-blower’s or glassworker’s cataract’. 2. Irradiation cataract
 
 Exposure to X-rays, γ-rays or neutrons may be associated with irradiation cataract. There is usually a latent period ranging from 6 months to a few years between exposure and development of the cataract. People prone to get such cataracts are inadequately protected technicians, patients treated for malignant tumours and workers of atomic energy plants. 3. Ultraviolet radiation cataract
 
 Ultraviolet radiation has been linked with senile cataract in many studies. ELECTRIC CATARACT
 
 It is known to occur after passage of powerful electric current through the body. The cataract usually starts as punctate subcapsular opacities which mature rapidly. The source of current can be a live electricity wire or a flash of lightning. SYNDERMATOTIC CATARACT
 
 Lens opacities associated with cutaneous disease are termed syndermatotic cataracts. Such cataracts are bilateral and occur at a young age. Atopic dermatitis is the most common cutaneous disease associated with cataract (Atopic cataract). Other skin disorders associated with cataract include poikiloderma,
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 vasculare atrophicus, scleroderma and keratotis follicularis. MANAGEMENT OF CATARACT IN ADULTS
 
 Treatment of cataract essentially consists of its surgical removal. However, certain non-surgical measures may be of help, in peculiar circumstances, till surgery is taken up. A. Non-surgical measures
 
 1. Treatment of cause of cataract. In acquired cataracts, thorough search should be made to find out the cause of cataract. Treatment of the causative disease, many a time, may stop progression and sometimes in early stages may cause even regression of cataractous changes and thus defer the surgical treatment. Some common examples include:  Adequate control of diabetes mellitus, when discovered.  Removal of cataractogenic drugs such as corticosteroids, phenothiazenes and strong miotics, may delay or prevent cataractogenesis.  Removal of irradiation (infrared or X-rays) may also delay or prevent cataract formation.  Early and adequate treatment of ocular diseases like uveitis may prevent occurrence of complicated cataract. 2. Measures to delay progression. Many commercially available preparations containing iodide salts of calcium and potassium are being prescribed in abundance in early stages of cataract (especially in senile cataract) in a bid to delay its progression. However, till date no conclusive results about their role are available. Role of vitamin E and aspirin in delaying the process of cataractogenesis is also mentioned. 3. Measures to improve vision in the presence of incipient and immature cataract may be of great solace to the patient. These include:  Refraction, which often changes with considerable rapidity, should be corrected at frequent intervals.  Arrangement of illumination. Patients with peripheral opacities (pupillary area still free), may be instructed to use brilliant illumination. Conversely, in the presence of central opacities, a dull light placed beside and slightly behind the patient’s head will give the best result.
 
 
 
 
 
 Use of dark goggles in patients with central opacities is of great value and comfort when worn outdoors. Mydriatics. The patients with a small axial cataract, frequently may benefit from pupillary dilatation. This allows the clear paraxial lens to participate in light transmission, image formation and focussing. Mydriatics such as 5 percent phenylephrine or 1 percent tropicamide; 1 drop b.i.d. in the affected eye may clarify vision.
 
 B. Surgical management Indications
 
 1. Visual improvement. This is by far the most common indication. When surgery should be advised for visual improvement varies from person to person depending upon the individual visual needs. So, an individual should be operated for cataract, when the visual handicap becomes a significant deterrent to the maintenance of his or her usual life-style. 2. Medical indications. Sometimes patients may be comfortable from the visual point (due to useful vision from the other eye or otherwise) but may be advised cataract surgery due to medical grounds such as  Lens induced glaucoma,  Phacoanaphylactic endophthalmitis and  Retinal diseases like diabetic retinopathy or retinal detachment, treatment of which is being hampered by the presence of lens opacities. 3. Cosmetic indication. Sometimes patient with mature cataract may insist for cataract extraction (even with no hope of getting useful vision), in order to obtain a black pupil. Preoperative evaluation
 
 Once it has been decided to operate for cataract, a thorough preoperative evaluation should be carried out before contemplating surgery. This should include: I. General medical examination of the patient to exclude the presence of serious systemic diseases especially: diabetes mellitus; hypertension and cardiac problems; obstructive lung disorders and any potential source of infection in the body such as septic gums, urinary tract infection etc. II. Ocular examination. A thorough examination of eyes including slit-lamp biomicroscopy is desirable in all cases. The following useful information is essential before the patient is considered for surgery:
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 A. Retinal function tests. The retinal function must be explored since, if it is defective, operation will be valueless, and patient must be warned of the prognosis, to avoid unnecessary disappointment and medicolegal problems. A few important retinal function tests are considered here. 1. Light perception (PL). Many sophisticated retinal function tests have been developed, but light perception must be present, if there is to be any potential for useful vision. 2. A test for Marcus-Gunn pupillary response (indicative of afferent pathway defect) should be made routinely. If present, it is a poor prognostic sign. 3. Projection of rays (PR). It is a crude but an important and easy test for function of the peripheral retina. It is tested in a semi-dark room with the opposite eye covered. A thin beam of light is thrown in the patient's eye from four directions (up, down, medial and lateral) and the patient is asked to look straight ahead and point out the direction from which the light seems to come. 4. Two-light discrimination test. It gives information about macular function. The patient is asked to look through an opaque disc perforated with two pin-holes behind which a light is held. The holes are 2 inches apart and kept about 2 feet away from the eye. If the patient can perceive two lights, it indicates normal macular function. 5. Maddox rod test. The patient is asked to look at a distant bright light through a Maddox rod. An accurate perception of red line indicates normal function. 6. Colour perception. It indicates that some macular function is present and optic nerve is relatively normal. 7. Entoptic visualisation. It is evaluated by rubbing a point source of light (such as bare lighted bulb of torch) against the closed eyelids. If the patient perceives the retinal vascular pattern in black outline, it is favourable indication of retinal function. Being subjective in nature, the importance of negative test can be considered if the patient can perceive the pattern with the opposite eye. 8. Laser interferometry. It is a very good test for measuring the macular potential for visual acuity in the presence of opaque media.
 
 9. Objective tests for evaluating retina are required if some retinal pathology is suspected. These tests includes ultrasonic evaluation of posterior segment of the eye; electrophysiological studies such as ERG (electroretinogram), EOG (electrooculogram) and VER (visually-evoked response); and indirect ophthalmoscopy if possible. B. Search for local source of infection should be made by ruling out conjunctival infections, meibomitis, blepharitis and lacrimal sac infection. Lacrimal sac should receive special attention. Lacrimal syringing should be carried out in each patient with history of watering from the eyes. In cases where chronic dacryocystitis is discovered, either DCR (dacryocystorhinostomy) or DCT (dacryocystectomy) operation should be performed, before the cataract surgery. C. Anterior segment evaluation by slit-lamp examination. It is of utmost importance. Presence of keratic precipitates at the back of cornea, in a case of complicated cataract, suggests management for subtle uveitis before the cataract surgery. Similarly, information about corneal endothelial condition is also very important, especially if intraocular lens implantation is planned. D. Intraocular pressure (IOP) measurement. Preoperative evaluation is incomplete without the measurement of IOP. The presence of raised IOP needs a priority management. Preoperative medications and preparations
 
 1. Topical antibiotics such as tobramycin or gentamicin or ciprofloxacin QID for 3 days just before surgery is advisable as prophylaxis against endophthalmitis. 2. Preparation of the eye to be operated. Eyelashes of upper lid should be trimmed at night and the eye to be operated should be marked. 3. An informed and detailed consent should be obtained. 4. Scrub bath and care of hair. Each patient should be instructed to have a scrub bath including face and hair wash with soap and water. Male patients must get their beard cleaned and hair trimmed. Female patients should comb their hair properly.
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 5. To lower IOP, acetazolamide 500 mg stat 2 hours before surgery and glycerol 60 ml mixed with equal amount of water or lemon juice, 1 hour before surgery, or intravenous mannitol 1 gm/kg body weight half an hour before surgery may be used. 6. To sustain dilated pupil (especially in extracapsular cataract extraction) the antiprostaglandin eyedrops such as indomethacin or flurbiprofen should be instilled three times one day before surgery and half hourly for two hours immediately before surgery. Adequate dilation of pupil can be achieved by instillation of 1 percent tropicamide and 5 percent or 10 percent phenylephrine eyedrops every ten minutes, one hour before surgery.
 
 Contraindications. The only absolute contraindication for ECCE is markedly subluxated or dislocated lens. Advantages of ECCE over ICCE
 
 Cataract extraction can be performed under general or local anaesthesia. Local anaesthesia is preferred whenever possible (see page 571-573).
 
 1. ECCE is a universal operation and can be performed at all ages, except when zonules are not intact; whereas ICCE cannot be performed below 40 years of age. 2. Posterior chamber IOL can be implanted after ECCE, while it cannot be implanted after ICCE. 3. Postoperative vitreous related problems (such as herniation in anterior chamber, pupillary block and vitreous touch syndrome) associated with ICCE are not seen after ECCE. 4. Incidence of postoperative complications such as endophthalmitis, cystoid macular oedema and retinal detachment are much less after ECCE as compared to that after ICCE. 5. Postoperative astigmatism is less, as the incision is smaller.
 
 Types and choice of surgical techniques
 
 Advantages of ICCE over ECCE
 
 I. Intracapsular cataract extraction (ICCE) . In this technique, the entire cataractous lens along with the intact capsule is removed. Therefore, weak and degenerated zonules are a pre-requisite for this method. Because of this reason, this technique cannot be employed in younger patients where zonules are strong. ICCE can be performed between 40-50 years of age by use of the enzyme alphachymotrypsin (which will dissolve the zonules). Beyond 50 years of age usually there is no need of this enzyme. Indications. ICCE has stood the test of time and has been widely employed for about 50 years over the world. Now (for the last 25 years) it has been almost entirely replaced by planned extracapsular technique. At present the only indications of ICCE is markedly subluxated and dislocated lens. II. Extracapsular cataract extraction (ECCE). In this technique, major portion of anterior capsule with epithelium, nucleus and cortex are removed; leaving behind intact posterior capsule. Indications. Presently, extracapsular cataract extraction technique is the surgery of choice for almost all types of adulthood as well as childhood cataracts unless contraindicated.
 
 1. The technique of ICCE, as compared to ECCE, is simple, cheap, easy and does not need sophisticated microinstruments. 2. Postoperative opacification of posterior capsule is seen in a significant number of cases after ECCE. No such problem is known with ICCE. 3. ICCE is less time consuming and hence more useful than ECCE for mass scale operations in eye camps.
 
 Anaesthesia
 
 Types of extracapsular cataract extraction The surgical techniques of ECCE presently in vogue are:  Conventional extracapsular cataract extraction (ECCE),  Manual small incision cataract surgery (SICS),  Phacoemulsification Conventional ECCE versus SICS Conventional large incision ECCE, though still being performed by many surgeons, is being largely replaced by small incision cataract surgery (SICS) techniques. Merits of conventional ECCE over SICS. The only merit of conventional ECCE over SICS is that it is a simple technique to master with short learning curve.
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 Dermerits of conventional ECCE over SICS include:  Long incision (10 to 12 mm).  Multiple sutures are required.  Open chamber surgery with high risk of vitreous prolapse, operative hard eye and expulsive choroidal haemorrhage.  High incidence of post-operative astigmatism.  Postoperative suture-related problems like irritation and suture abscess etc.  Postoperative wound-related problems such as wound leak, shallowing of anterior chamber and iris prolapse.  Needs suture removal, during which infection may occur. Merits of manual SICS over phacoemulsification 1. Universal applicability i.e., all types of cataracts including hard cataracts (grade IV and V) can be operated by this technique. 2. Learning curve. This procedure is much easier to learn as compared to phacoemulsification. 3. Not machine dependent. The biggest advantage of manual SICS is that it is not machine dependent and thus can be practised anywhere. 4. Less surgical complications. Disastrous complication like nuclear drop into vitreous cavity is much less than phacoemulsification technique. 5. Operating time in manual SICS is less than that of phocoemulsification, especially in hard cataract. Therefore, it is ideal for mass surgery. 6. Cost effective. With manual SICS, the expenses are vastly reduced as compared to considerable expenses in acquiring and maintaining phaco machine. There is no need to spend on consumable items like the phacotip, sleeves, tubing and probe. Further, in SICS always PMMA IOLs are used which are much cheeper than foldable IOLs. Demerits of manual SICS over phacoemulsification 1. Conjunctival congestion persists for 5-7 days at the site of conjunctival flap. 2. Mild tenderness sometime may be present owing to scleral incision. 3. Postoperative hyphaema may be noted sometimes. 4. Surgical induced astigmatism is more as the incision in SICS is large (about 6 mm) as compared to phacoemulsification (about 3.2 mm).
 
 Merits of phacoemulsification over manual SICS 1. Topical anaesthesia may be sufficient for phacoemulsification in expert hands. 2. Postoperative congestion is minimal after phacoemulsification, as phaco is usually performed through a clear corneal incision. 3. Small incision. The chief advantage of phacoemulsification over manual SICS is that it can be performed through a smaller (3.2 mm) incision. 4. Less corneal complications. Phacoemulsification can be performed in the posterior chamber without prolapsing the nucleus into the anterior chamber, thereby minimising the risk of corneal complications. 5. Visual rehablitation is comparetively quicker in phacoemulsification as compared to manual SICS. 6. Postoperative astigmatism is comparatively less when foldable IOLs are implanted through a smaller incision (3.2 mm). Demerits of phacoemulsification vis-a-vis manual SICS 1. Learning curve for phacoemulsification is more painful both for the surgeons and patients. 2. Complications encountered during phacoemulsification like nuclear drop are unforgiving. 3. Machine dependent. This procedure is solely machine dependent and in the event of an unfortunate machine failure in the middle of surgery one has to shift to conventional ECCE. 4. High cost. Cost of this technique is very high because of expensive machine, accessories and maintenance. 5. Limitations. It is very difficult to deal with hard cataracts (grade IV and V) with this technique, and also there is high risk of serious corneal complications due to more use of phaco energy in such cases. Conclusion. Inspite of the demerits listed above the phacoemulsification has become the preferred method of cataract extraction world wide because the complication rate in the expert hands is minimal and the technique provides an almost quiet eye early postoperatively and an early visual rehabilitation. However, for the masses, especially in developing countries, the manual SICS offers the advantages of sutureless cataract surgery as a low cost alternative to phacoemulsification with the added advantages of having wider applicability and an easier learning curve.
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 SURGICAL TECHNIQUES FOR CATARACT EXTRACTION INTRACAPSULAR CATARACT EXTRACTION
 
 Presently, the technique of intracapsular cataract extraction (ICCE) is obsolete and sparingly performed world wide. However, the surgical steps are described in detail as a mark of respect to the technique which has been widely employed for about 50 years over the world and also to care for the emotions of few elderly surgeons who are still performing this operation (though unethical) at some places in developing countries. Surgical steps of the ICCE technique are as follows: 1. Superior rectus (bridle) suture is passed to fix the eye in downward gaze (Fig. 8.17A). 2. Conjunctival flap (fornix based) is prepared to expose the limbus (Fig. 8.17B) and haemostasis is achieved by wet field or heat cautery. All surgeons do not make conjunctival flap. 3. Partial thickness groove or gutter is made through about two-thirds depth of anterior limbal area from 9.30 to 2.30 O'clock (150o) with the help of a razor blade knife (Fig. 8.17C). 4. Corneoscleral section. The anterior chamber is opened with the razor blade knife or with 3.2mm keratome (Fig. 8.17D). 5. Iridectomy (Fig. 8.17E). A peripheral iridectomy may be performed by using iris forceps and de Wecker's scissors to prevent postoperative pupil block glaucoma. 6. Methods of lens delivery. In ICCE the lens can be delivered by any of the following methods: i. Indian smith method. Here the lens is delivered with tumbling technique by applying pressure on limbus at 6 O'clock position with lens expressor and counterpressure at 12 O’clock with the lens spatula. With this method lower pole is delivered first. ii. Cryoextraction. In this technique, cornea is lifted up, lens surface is dried with a swab, iris is retracted up and tip of the cryoprobe is applied on the anterior surface of the lens in the upper quadrant. Freezing is activated (–40oC) to create adhesions between the lens and the probe. The zonules are ruptured by gentle rotatory
 
 movements and the lens is then extracted out by sliding movements. In this technique, upper pole of the lens is delivered first (Fig. 8.17F). iii. Capsule forceps method. The Arruga's capsule holding forceps is introduced close into the anterior chamber and the anterior capsule of the lens is caught at 6 O'clock position. The lens is lifted slightly and its zonules are ruptured by gentle sideways movements. Then the lens is extracted with gentle sliding movements by the forceps assisted by a pressure at 6 O'clock position on the limbus by the lens expressor. iv. Irisophake method. This technique is obsolete and thus not in much use. v. Wire vectis method. It is employed in cases with subluxated or dislocated lens only. In this method the loop of the wire vectis is slide gently below the subluxated lens, which is then lifted out of the eye. 7. Formation of anterior chamber. After the delivery of lens, iris is reposited into the anterior chamber with the help of iris repositor and chamber is formed by injecting sterile air or balanced salt solution. 8. Implantation of anterior chamber (ACIOL) (Figs. 8.17 G & H). For details see page 197. 9. Closure of incision is done with 5 to 7 interrupted sutures (8-0, 9-0 or 10-0 nylon) (Fig. 8.17I). 10. Conjunctival flap is reposited and secured by wet-field cauery. 11. Subconjunctival injection of dexamethasone 0.25 ml and gentamicin 0.5 ml is given. 12. Patching of eye is done with a pad and sticking plaster or a bandage is applied. SURGICAL TECHNIQUES OF EXTRA CAPSULAR CATARACT EXTRACTION FOR ADULTHOOD CATARACTS
 
 The surgical techniques of ECCE can be described separately for adulthood cataracts and childhood cataracts. The surgical techniques of ECCE presently in vogue for adulthood cataracts include :  Conventional, extracapsular cataract extraction (ECCE),  Manual small incision cataract surgery (SICS), and  Phacoemulsification.
 
 188
 
 Comprehensive OPHTHALMOLOGY
 
 Fig. 8.17. Surgical steps of intracapsular cataract extraction with anterior chamber intraocular lens implantation: A, passing of superior rectus suture; B, fornix based conjunctival flap; C, partial thickness groove;D, completion of corneo-scleral section; E, peripheral iridectomy; F, cryolens extraction; G&H, insertion of Kelman multiflex intraocular lens in anterior chamber; I, corneo-scleral suturing.
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 CONVENTIONAL EXTRACAPSULAR CATARACT EXTRACTION Surgical steps of conventional ECCE are :
 
 1. Superior rectus (bridle) suture is passed to fix the eye in downward gaze (Fig. 8.17A). 2. Conjunctival flap (fornix based) is prepared to expose the limbus (Fig. 8.17B) and haemostasis is achieved by wet field cautery. Many surgeons do not make conjunctival flap. 3. Partial thickness groove or gutter is made through about two-thirds depth of anterior limbal area from 10 to 2 O’clock (120o) with the help of a razor blade knife (Fig. 8.17C). 4. Corneoscleral section. The anterior chamber is opened with the razor blade knife or with 3.2-mm keratome. 5. Injection of viscoelastic substance in anterior chamber. A viscoelastic substance such as 2% methylcellulose or 1% sodium hyaluronate is injected into the anterior chamber. This maintains the anterior chamber and protects the endothelium. 6. Anterior capsulotomy. It can be performed by any of the following methods: i. Can-opener's technique. In it, an irrigating cystitome (or simply a 26 gauge needle, bent at its tip) is introduced into the anterior chamber and multiple small radial cuts are made in the anterior capsule for 360o (Fig. 8.18A). ii. Linear capsulotomy (Envelope technique). Here a straight incision is made in the anterior capsule (in the upper part) from 2-10 O'clock position. The rest of the capsulotomy is completed in the end after removal of nucleus and cortex. iii. Continuous circular capsulorrhexis (CCC). Recently this is the most commonly performed procedure. In this the anterior capsule is torn in a circular fashion either with the help of an irrigating bent-needle cystitome or with a capsulorrhexis forceps (Fig. 8.20B). 7. Removal of anterior capsule. It is removed with the help of a Kelman-McPherson forceps (Fig. 8.18B). 8. Completion of corneoscleral section. It is completed from 10 to 2 O’ clock position either with the help of corneo-scleral section enlarging scissors or 5.2-mm blunt keratome (Fig. 8.18C).
 
 9. Hydrodissection. After the anterior capsulotomy, the balanced salt solution (BSS) is injected under the peripheral part of the anterior capsule. This manoeuvre separates the corticonuclear mass from the capsule. 10. Removal of nucleus. After hydrodissection the nucleus can be removed by any of the following techniques: i. Pressure and counter-pressure method. In it the posterior pressure is applied at 12 O’clock position with corneal forceps or lens spatula and the nucleus is expressed out by counter-pressure exerted at 6 O'clock position with a lens hook (Fig. 8.18D). ii. Irrigating wire vectis technique. In this method, loop of an irrigating wire vectis is gently passed below the nucleus, which is then lifted out of the eye. 11. Aspiration of the cortex. The remaining cortex is aspirated out using a two-way irrigation and aspiration cannula (Fig. 8.18E). 12. Implantation of IOL. The PMMA posterior chamber IOL is implanted in the capsular bag after inflating the bag with viscoelastic substance (Figs. 8.18 G & H). 13. Closure of the incision is done by a total of 3 to 5 interrupted 10-0 nylon sutures or continuous sutures (Fig. 8.18I). 14. Removal of viscoelastic substance. Before tying the last suture the visco-elastic material is aspirated out with 2 way cannula and anterior chamber is filled with BSS. 15. Conjunctival flap is reposited and secured by wet field cautery. 16. Subconjunctival injection of dexamethasone 0.25 ml and gentamicin 0.5 ml is given. 17. Patching of eye is done with a pad and sticking plaster or a bandage is applied. MANUAL SMALL INCISION CATARACT SURGERY
 
 Manual small incision cataract surgery (SICS) is becoming very popular because of its merits over conventional ECCE as well as phacoemulsification technique highlighted above. In this technique ECCE with intraocular lens implantation is performed through a sutureless self-sealing valvular sclerocorneo tunnel incision.
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 Fig. 8.18. Surgical steps of conventional extracapsular cataract extraction with posterior chamber intraocular lens implantation: A, anterior capsulotomy can-opener's technique; B, removal of anterior capsule; C, completion of corneo-scleral section; D, removal of nucleus (pressure and counter-pressure method); E, aspiration of cortex; F, insertion of inferior haptic of posterior chamber IOL; G, insertion of superior haptic of PCIOL; H, dialing of the IOL; I, corneo-scleral suturing.
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 Surgical steps of manual SICS are (Fig. 8.19) :
 
 1. Superior rectus (bridle) suture is passed to fix the eye in downward gaze (Fig. 8.19A). This is specifically important in manual SICS where in addition to fixation of globe, it also provides a countertraction force during delivery of nucleus and epinucleus. 2. Conjunctival flap and exposure of sclera (Fig. 8.19B). A small fornix based conjunctival flap is made with the help of sharp-tipped scissors along the limbus from 10 to 2 O’clock positions. Conjunctiva and the Tenon's capsule are dissected, seperated from the underlying sclera and retracted to expose about 4 mm strip of sclera along the entire incision length. 3. Haemostasis is achieved by applying gentle and just adequate wet field cautery. 4. Sclero-corneal tunnel incision. A self-sealing sclero-corneal tunnel incision is made in manual SICS. It consists of following components: i. External scleral incision. A one-third to halfthickness external scleral groove is made about 1.5 to 2mm behind the limbus. It varies from 5.5 mm to 7.5 mm in length depending upon the hardness of nucleus. It may be straight, frown shaped or chevron in configuration (Figs. 18.19C, D & E). ii. Sclero-corneal tunnel. It is made with the help of a crescent knife. It usually extends 1-1.5 mm into the clear cornea (Fig. 8.19F). iii. Internal corneal incision. It is made with the help of a sharp 3.2 mm angled keratome (Fig. 8.19G). 5. Side-port entry of about 1.5-mm valvular corneal incision is made at 9 o'clock position (Fig. 8.19H). This helps in aspiration of the sub-incisional cortex and deepening the anterior chamber at the end of surgery. 6. Anterior capsulotomy. As described in conventional ECCE, the capsulotomy in manual SICS can be either a canopner, or envelope or CCC. However, a large sized CCC is preferred (Fig. 8.19I). 7. Hydrodissection. As described in ECCE hydrodissection (Fig. 8.19J) is essential to separate corticonuclear mass from the posterior capsule in SICS. 8. Nuclear management. It consists of following manoeuvres : i. Prolapse of nucleus out of the capsular bag into the anterior chamber is usually initiated during
 
 hydrodissection and completed by rotating the nucleus with Sinskey's hook (Fig. 8.19K). ii. Delivery of the nucleus outside through the corneo-scleral tunnel can be done by any of the following methods:  Irrigating wire vectis method (Fig. 8.19L). (It is the most commonly used method).  Blumenthal's technique,  Phacosandwitch technique,  Phacofracture technique, and  Fishhook technique. 9. Aspiration of cortex. The remaining cortex is aspirated out using a two-way irrigation and aspiration cannula (Fig. 8.19M) from the main incision and/or side port entry. 10. IOL implantation. A posterior chamber IOL is implanted in the capsular bag after filling the bag with viscoelastic substance (Figs. 8.19N, O & P) 11. Removal of viscoelastic material is done thoroughly from the anterior chamber and capsular bag with the help of two-way irrigation aspiration cannula. 12. Wound closure.The anterior chamber is deepened with balanced salt solution / Ringer's lactate solution injected through side port entry. This leads to self sealing of the sclero-corneal tunnel incision due to valve effect. Rarely a single infinity suture may be required to seal the wound. The conjunctival flap is reposited back and is anchored with the help of wet field cautery (Fig. 8.19Q). PHACOEMULSIFICATION
 
 It is presently the most popular method of extracapsular cataract extraction. It differs from the conventional ECCE and manual SICS as follows: 1. Corneoscleral incision required is very small (3 mm). Therefore, sutureless surgery is possible with self-sealing scleral tunnel or clear corneal incision made with a 3 mm keratome. 2. Continuous curvilinear capsulorrhexis (CCC) of 4-6 mm is preferred over other methods of anterior capsulotomy (Fig. 8.20A). 3. Hydrodissection i.e., separation of capsule from the cortex by injecting fluid exactly between the two (Fig. 8.20B) is must for phacoemulsification in SICS. This procedure facilitates nucleus rotation and manipulation during phacoemulsification. Some surgeons also perform hydrodelineation (Fig. 8.20C).
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 Fig. 8.19. Surgical steps of manual small incision cataract surgery (SICS): A, Superior rectus bridle suture; B Conjunctival flap and exposure of sclera; C, D & E, External Scleral incisions (straight, frown shaped, and chevron, respectively) part of tunnel incision; F, Sclero-corneal tunnel with crescent knife; G, Internal corneal incision; H, Side port entry; I, Large CCC; J, Hydrodissection; K, Prolapse of nucleus into anterior chamber; L, Nucleus delivery with irrigating wire vectis; M, Aspiration of cortex; N, insertion of inferior haptic of posterior chamber IOL; O, Insertion of superior haptic of PCIOL; P, Dialing of the IOL, Q, Reposition and anchoring of conjunctival flap.
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 4. Nucleus is emulsified and aspirated by phacoemulsifier. Phacoemulsifier basically acts through a hollow 1-mm titanium needle which vibrates by piezoelectric crystal in its longitudinal axis at an ultrasonic speed of 40000 times a second and thus emulsifies the nucleus. Many different techniques are being used to accomplish phacoemulsification. A few common names are ‘chip and flip technique’, ‘divide and conquer technique’ (Figs. 8.20 D&E) ‘stop and chop’ and ‘phaco chop technique’. 5. Remaining cortical lens matter is aspirated with the help of an irrigation-aspiration technique (Fig. 8.20F). 6. Next steps i.e., IOL implantation, removal of viscoelastic substance and wound closure are similar to that of SICS. Foldable IOL is most ideal with phacoemulsification technique. Phakonit. Phakonit refers to the technique of phacoemulsification (PHAKO) performed with a needle (N) opening via an incision (I) using the tip (T) of phacoprobe. In this technique the size of incision is only 0.9 mm and after completion of the operation an ultrathin rollable IOL is inserted into the capsular bag. This technique offers almost nil astigmatism cataract surgery. Laser phacoemulsification. This technique is under trial and perhaps may soon replace the conventional phacoemulsification. In it the lens nucleus is emulsified utilizing laser energy. The advantage of this technique is that the laser energy used to emulsify cataractous lens is not exposed to other intraocular structures (c.f. ultrasonic energy). SURGICAL TECHNIQUES OF EXTRACAPSULAR CATARACT EXTRACTION FOR CHILDHOOD CATARACT
 
 Surgical techniques employed for childhood cataract are essentially of two types:  Irrigation and aspiration of lens matter, and  Lensectomy 1. Irrigation and aspiration of lens matter
 
 Irrigation and aspiration of lens matter can be done by: i. Conventional ECCE technique, or ii. Corneo-scleral tunnel techniques which include :  Manual SICS technique, and  Phaco-aspiration technique
 
 The corneo-scleral tunnel techniques (closed chamber surgery) as described for SICS is preferred over the conventional ECCE technique (open chamber surgery). Surgical steps of irrigation and aspiration of lens matter by corneo-scleral tunnel incision techniques are as follows :
 
 1 to 5 initial steps upto making of side port entry are similar as described for manual SICS in adults (page 191 Figs. 8.19A to H). 6. Anterior capsulorhexis of about 5mm size is made as described on page 189 (Figs. 8.20A). In children the anterior capsule is more elastic than in adults and therefore, the capsulorhexis may be difficult due to tendency to run outwards. 7. Irrigation and aspiration of lens matter (which is soft in children) can be done by any of the following methods :  With two-way irrigation and aspiration Simcoe cannula (Fig. 8.19M) or,  With a phacoprobe (phaco-aspiration) (Fig. 8.20F) 8. Posterior capsulorhexis of about 3-4 mm size is recomnended in children to avoid the problem of posterior capsule opacification. 9. Anterior vitrectomy of limited amount should be performed with a vitrector. 10. Implantation of IOL is done in the capsular bag after inflating it with viscoelastic substance (Figs. 8.19N, O&P). Heparin or fluorine coated PMMA IOLs are preferred in children. Some surgeons prefer to capture the lens optic through posterior capsulorhexis. Note: Steps 8 and 9, and optic capture as described in step 10 are measures to prevent formation of after cataract, the incidence of which is very high in children. 11. Removal of viscoelastic substance is done with the help of two-way cannula. 12. Wound closure. Though a well constructed corneo-scleral tunnel often does not require a suture, but placement of one horizontal suture (with 10-0 nylon) ensures wound stability and reduces postoperative astigmatism. 2. Lensectomy
 
 In this operation most of the lens including anterior and posterior capsule along with anterior vitreous are removed with the help of a vitreous cutter, infusion
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 Fig. 8.20. Surgical steps of phacoemulsification : A, Continuous curvilinear capsulorrhexis; B, Hydrodissection; C, Hydrodelineation; D&E; Nucleus emulsification by divide and conquer technique (four quadrant cracking); F, Aspiration of cortex.
 
 and suction machine (Fig. 8.21). Childhood cataracts, both congenital/developmental and acquired, being soft are easily dealt with this procedure especially in very young children (less than 2 years of age) in which primary IOL implantation is not planned. Lensectomy in children is performed under general anaesthesia. Either pars plana or limbal approach may be adopted. In pars plana approach, the lens is punctured at its equator and stirred with the help of a Ziegler’s or any other needle-knife introduced through the sclera and ciliary body, from a point about 3.5-4 mm behind the limbus. The cutter (ocutome) of the vitrectomy machine is introduced after enlarging the sclerotomy (Fig. 8.22) and lensectomy along with anterior vitrectomy is completed using cutting, irrigation and aspiration mechanisms. The aim of modern lensectomy is to leave in situ a peripheral rim of capsule as an alternative to complete lensectomy. Secondary IOL implantation can be planned at a later date.
 
 Fig. 8.21. Kaufman’s vitrector.
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 Fig. 8.22. Pars plana lensectomy.
 
 INTRAOCULAR LENS IMPLANTATION
 
 Presently, intraocular lens (IOL) implantation is the method of choice for correcting aphakia. Its advantages and disadvantages over spectacles and contact lenses are described in aphakia (see page 31). The IOL implant history had its beginning on November 29, 1949, when Harold Ridley, a British ophthalmologist, performed his first case. Since then history of IOLs has always been exciting, often frustrating and finally rewarding and now highly developed.
 
 2. Iris-supported lenses. These lenses are fixed on the iris with the help of sutures, loops or claws. These lenses are also not very popular due to a high incidence of postoperative complications. Example of iris supported lens is Singh and Worst’s iris claw lens (Figs. 8.24B and 8.25). 3. Posterior chamber lenses. PCIOLs rest entirely behind the iris (Fig. 8.26). They may be supported by the ciliary sulcus or the capsular bag. Recent trend is towards ‘in-the-bag-fixation’. Commonly used model of PCIOLs is modified C-loop (Fig. 8.24C). Depending on the material of manufacturing, three types of PC-IOLs are available : i. Rigid IOLs. The modern one piece rigid IOLs are made entirely from PMMA. ii. Foldable IOLs, to be implanted through a small incision (3.2 mm) after phacoemulsification are made of silicone, acrylic, hydrogel and collamer. iii. Rollable IOLs are ultra thin IOLs. These are implanted through micro incision (1mm) after phakonit technique. These are made of hydrogel. Indications of IOL implantation
 
 Recent trend is to implant an IOL in each and every case being operated for cataract; unless it is contraindicated. However, operation for unilateral cataract should always be followed by an IOL implantation.
 
 Types of intraocular lenses
 
 During the last two decades a large number of different types and styles of lenses have been developed. The commonly used material for their manufacture is polymethylmethacrylate (PMMA). The major classes of IOLs based on the method of fixation in the eye are as follows: 1. Anterior chamber IOL. These lenses lie entirely in front of the iris and are supported in the angle of anterior chamber (Fig. 8.23). ACIOL can be inserted after ICCE or ECCE. These are not very popular due to comparatively higher incidence of bullous keratopathy. When indicated, ‘Kelman multiflex’ (Fig. 8.24A) type of ACIOL is used commonly.
 
 Fig. 8.23. Pseudophakia with Kelman Multiflex anterior chamber intraocular lens implant.
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 A
 
 B
 
 C
 
 Fig. 8.24. Types of intraocular lenses: A, Kelman multiflex (an anterior chamber IOL); B, Singh & Worst's iris claw lens; C, posterior chamber IOL – modified C-loop type.
 
 Calculation of IOL power (Biometry)
 
 Fig. 8.25. Pseudophakia with iris claw intraocular lens implant.
 
 A
 
 The most common method of determining IOL power uses a regression formula called ‘SRK (Sanders, Retzlaff and Kraff) formula’. The formula is P = A – 2.5L – 0.9K, where:  P is the power of IOL,  A is a constant which is specific for each lens type.  L is the axial length of the eyeball in mm, which is determined by A-scan ultrasonography.  K is average corneal curvature, which is determined by keratometry. The ultrasound machine equipped with A-scan and IOL power calculation software is called ‘Biometer’.
 
 B
 
 Fig. 8.26. Pseudophakia with posterior chamber intraocular lens A : As seen on retroillumination with slit-lamp; B, Diagrammatic depiction of PCIOL implanted in the capsular bag.
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 Primary versus secondary IOL implantation
 
 Primary IOL implantation refers to the use of IOL during surgery for cataract, while secondary IOL is implanted to correct aphakia in a previously operated eye.
 
 5. After 6-8 weeks of operation corneoscleral sutures are removed (when applied). Now a days most surgeons are doing sutureless cataract surgery. 6. Final spectacles are prescribed after about 8 weeks of operation.
 
 Surgical technique of anterior chamber IOL implantation
 
 COMPLICATIONS OF CATARACT SURGERY AND THEIR MANAGEMENT
 
 Anterior chamber IOL implantation can be carried out after ICCE and ECCE. After completion of lens extraction, the pupil is constricted by injecting miotics (1 percent acetylcholine or pilocarpine without preservatives) into the anterior chamber. Anterior chamber is filled with 2 percent methylcellulose or 1 percent sodium hyaluronate (Healon). The IOL, held by a forceps, is gently slid into the anterior chamber. Inferior haptic is pushed in the inferior angle at 6 O'clock position and upper haptic is pushed to engage in the upper angle (Figs. 8.17 G & H). Technique of posterior chamber IOL implantation
 
 Implantation of rigid intraocular lens. PCIOL is implanted after ECCE. After completion of ECCE, the capsular bag and anterior chamber are filled with 2 percent methylcellulose or 1 percent sodium hyaluronate. The PCIOL (Fig. 8.24C), is grasped by the optic with the help of IOL holding forceps. The inferior haptic and optic of IOL is gently inserted into the capsular bag behind the iris at 6 O'clock position (Fig. 8.18F). The superior haptic is grasped by its tip, and is gently pushed down and then released to slide in the upper part of the capsular bag behind the iris (Fig. 8.18G). The IOL is then dialled into the horizontal position (Fig. 8.18H). Implantation of foldable IOLs is made either with the help of holder-folder forceps or the foldable IOLs injector. POSTOPERATIVE MANAGEMENT AFTER CATARACT OPERATION
 
 1. The patient is asked to lie quietly upon the back for about three hours and advised to take nil orally. 2. For mild to moderate postoperative pain injection diclofenac sodium may be given. 3. Next morning bandage is removed and eye is inspected for any postoperative complication. 4. Antibiotic-steroid eyedrops are used for four times, three times, two times and then once a day for 2 weeks each.
 
 Now-a-days cataract surgery is being performed largely by extracapsular cataract extraction technique. Therefore, complications encountered during these techniques are described in general. Wherever necessary a specific reference of the technique viz. conventional ECCE, manual SICS and phacoemulsification in relation to the particular complication is highlighted. Complications encountered during surgical management of cataract can be enumerated under the following heads: (A) Preoperative complications (B) Intraoperative complications (C) Early postoperative complications (D) Delayed (late) postoperative complications (E) IOL-related complications [A] Preoperative complications
 
 1. Anxiety. Some patients may develop anxiety, on the eve of operation due to fear and apprehension of operation. Anxiolytic drugs such as diazepam 2 to 5 mg at bed time usually alleviate such symptoms. 2. Nausea and gastritis. A few patients may develop nausea and gastritis due to preoperative medicines such as acetazolamide and/or glycerol. Oral antacids and omission of further dose of such medicines usually relieve the symptoms. 3. Irritative or allergic conjunctivitis may occur in some patients due to preoperative topical antibiotic drops. Postponing the operation for 2 days along with withdrawal of such drugs is required. 4. Corneal abrasion may develop due to inadvertent injury during Schiotz tonometry. Patching with antibiotic ointment for a day and postponement of operation for 2 days is required. 5. Complications due to local anaesthesia  Retrobulbar haemorrhage may occur due to retrobulbar block. Immediate pressure bandage after instilling one drop of 2% pilocarpine and postponement of operation for a week is advised.
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 Oculocardiac reflex, which manifests as bradycardia and/or cardiac arrhythmia, has also been observed due to retrobulbar block. An intravenous injection of atropine is helpful. Perforation of globe may also occur sometimes. To prevent such catastrophy, gentle injection with blunt-tipped needle is recommended. Further, peribulbar anaesthesia may be preferred over retrobulbar block. Subconjunctival haemorrhage is a minor complication observed frequently, and does not need much attention. Spontaneous dislocation of lens in vitreous has also been reported (in patients with weak and degenerated zonules especially with hypermature cataract) during vigorous ocular massage after retrobulbar block. The operation should be postponed and further management is on the lines of posterior dislocation of lens (page 204).
 
 [B] Operative complications
 
 1. Superior rectus muscle laceration and/or haematoma, may occur while applying the bridle suture. Usually no treatment is required. 2. Excessive bleeding may be encountered during the preparation of conjunctival flap or during incision into the anterior chamber. Bleeding vessels may be gently cauterised. 3. Incision related complications depend upon the type of cataract surgery being performed. i. In conventional ECCE there may occur irregular incision. Irregular incision leading to defective coaptation of wound may occur due to blunt cutting instruments. ii. In manual SICS and phacoemulsification following complications may occur while making the self-sealing tunnel incision.  Button holing of anterior wall of tunnel can occur because of superficial dissection of the scleral flap (Fig. 8.27B). As a remedy, abandon this dissection and re-enter at a deeper plane from the other side of the external incision.
 
 A
 
 B
 
 Premature entry into the anterior chamber can occur because of deep dissection (Fig. 8.27C). Once this is detected, dissection in that area should be stopped and a new dissection started at a lesser depth at the other end of the tunnel.  Scleral disinsertion can occur due to very deep groove incision. In it there occurs complete separation of inferior sclera from the sclera superior to the incision (Fig. 8.27D). Scleral disinsertion needs to be managed by radial sutures. 4. Injury to the cornea (Descemet's detachment), iris and lens may occur when anterior chamber is entered with a sharp-tipped instrument such as keratome or a piece of razor blade. A gentle handling with proper hypotony reduces the incidence of such inadvertent injuries. 5. Iris injury and iridodialysis (tear of iris from root) may occur inadvertently during intraocular manipulation. 6. Complications related to anterior capsulorhexis. Continuous curvilinear capsulorhexis (CCC) is the preferred technique for opening the anterior capsule for SICS and phacoemulsification. Following complications may occur:  Escaping capsulorhexis i.e., capsulorhexis moves peripherally and may extend to the equator or posterior capsule.  Small capsulorhexis. It predisposes to posterior capsular tear and nuclear drop during hydrodissection. It also predisposes to occurrence of zonular deshiscence. Therefore, a small sized capsulorhexis should always be enlarged by 2 or 3 relaxing incisions before proceeding further.  Very large capsulorhexis may cause problems for in the bag placement of IOL.  Eccentric capsulorhexis can lead to IOL decentration at a later stage. 
 
 C
 
 D
 
 Fig. 8.27. Configuration of sclerocorneal tunnel incision: A, correct incision; B, Buttonholing of anterior wall of the tunnel; C, Premature entry into the anterior chamber; and D, Scleral disinsertion.
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 7. Posterior capsular rupture (PCR). It is a dreaded complication during extracapsular cataract extraction. In manual SICS and phacoemulsification PCR is even more feared because it can lead to nuclear drop into the vitreous. The PCR can occur in following situations:  During forceful hydrodissection,  By direct injury with some instrument such as Sinskey's hook, chopper or phacotip, and  During cortex aspiration (accidental PCR) 8. Zonular dehiscence may occur in all techniques of ECCE but is especially common during nucleus prolapse into the anterior chamber in manual SICS. 9. Vitreous loss: It is the most serious complication which may occur following accidental rupture of posterior capsule during any technique of ECCE. Therefore, adequate measures as described below should be taken to prevent vitreous loss.  To decrease vitreous volume: Preoperative use of hyperosmotic agents like 20 percent mannitol or oral glycerol is suggested.  To decrease aqueous volume: Preoperatively acetazolamide 500 mg orally should be used and adequate ocular massage should be carried out digitally after injecting local anaesthesia.  To decrease orbital volume adequate ocular massage and orbital compression by use of superpinky, Honan's ball, or 30 mm of Hg pressure by paediatric sphygmomanometer should be carried out.  Better ocular akinesia and anaesthesia decrease the chances of pressure from eye muscle.  Minimising the external pressure on eyeball by not using eye speculum, reducing pull on bridle suture and overall gentle handling during surgery.  Use of Flieringa ring to prevent collapse of sclera especially in myopic patients decreases the incidence of vitreous loss.  When IOP is high in spite of all above measures and operation cannot be postponed, in that situation a planned posterior-sclerotomy with drainage of vitreous from pars plana will prevent rupture of the anterior hyaloid face and vitreous loss. Management of vitreous loss. Once the vitreous loss has occurred, the aim should be to clear it from the anterior chamber and incision site. This can be achieved by performing partial anterior vitrectomy, with the use of automated vitrectors.
 
 A meticulously performed partial anterior vitrectomy will reduce the incidence of postoperative problems associated with vitreous loss such as updrawn pupil, iris prolapse and vitreous touch syndrome. 10. Nucleus drop into the vitreous cavity. It occurs more frequently with phacoemulsification, less frequently with manual SICS and sparingly with conventional ECCE. It is a dreadful complication which occurs due to sudden and large PCR. Management. Once the nucleus has dropped into the vitreous cavity, no attempt should be made to fish it out. The case must be referred to vitreoretinal surgeon after a thorough anterior vitrectomy and cortical clean up. 11. Posterior loss of lens fragments into the vitreous cavity may occur after PCR or zonular dehiscence during phacoemulsification. It is potentially serious because it may result in glaucoma, chronic uveitis, chronic CME and even retinal detachment. Management. The case should be managed by vitreoretinal surgeon by performing pars plana vitrectomy and removal of nuclear fragments. 12. Expulsive choroidal haemorrhage. It is one of the most dramatic and serious complications of cataract surgery. It usually occurs in hypertensives and patients with arteriosclerotic changes. It may occur during operation or during immediate postoperative period. Its incidence was high in ICCE and conventional ECCE but has decreased markedly with valvular incision of manual SICS and phaco emulsification technique. It is characterised by spontaneous gaping of the wound followed by expulsion of the lens, vitreous, retina, uvea and finally a gush of bright red blood. Although treatment is unsatisfactory, the surgeon should attempt to drain subchoroidal blood by performing an equatorial sclerotomy. Most of the time eye is lost and so evisceration operation has to be performed. [C] Early postoperative complications
 
 1. Hyphaema. Collection of blood in the anterior chamber may occur from conjunctival or scleral vessels due to minor ocular trauma or otherwise. Treatment. Most hyphaemas absorb spontaneously and thus need no treatment. Sometimes hyphaema may be large and associated with rise in IOP. In such cases, IOP should be lowered by acetazolamide and
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 hyperosmotic agents. If the blood does not get absorbed in a week’s time, then a paracentesis should be done to drain the blood. 2. Iris prolapse. It is usually caused by inadequate suturing of the incision after ICCE and conventional ECCE and occurs during first or second postoperative day. This complication is not known with manual SICS and phacoemulsification technique. Management: A small prolapse of less than 24 hours duration may be reposited back and wound sutured. A large prolapse of long duration needs abscission and suturing of wound. 3. Striate keratopathy. Characterised by mild corneal oedema with Descemet’s folds is a common complication observed during immediate postoperative period. This occurs due to endothelial damage during surgery. Management. Mild striate keratopathy usually disappears spontaneously within a week. Moderate to severe keratopathy may be treated by instillation of hypertonic saline drops (5% sodium chloride) along with steroids. 4. Flat (shallow or nonformed) anterior chamber. It has become a relatively rare complication due to improved wound closure. It may be due to wound leak, ciliochoroidal detachment or pupil block. i. Flat anterior chamber with wound leak is associated with hypotony. It is diagnosed by Seidel's test. In this test, a drop of fluorescein is instilled into the lower fornix and patient is asked to blink to spread the dye evenly. The incision is then examined with slit lamp using cobalt-blue filter. At the site of leakage, fluorescein will be diluted by aqueous. In most cases wound leak is cured within 4 days with pressure bandage and oral acetazolamide. If the condition persists, injection of air in the anterior chamber and resuturing of the leaking wound should be carried out. ii. Ciliochoroidal detachment. It may or may not be associated with wound leak. Detached ciliochoroid presents as a convex brownish mass in the involved quadrant with shallow anterior chamber. In most cases choroidal detachment is cured within 4 days with pressure bandage and use of oral acetazolamide. If the condition persists, suprachoroidal drainage with injection of air in the anterior chamber is indicated.
 
 iii. Pupil block due to vitreous bulge after ICCE leads to formation of iris bombe and shallowing of anterior chamber. If the condition persists for 5-7 days, permanent peripheral anterior synechiae (PAS) may be formed leading to secondary angle closure glaucoma. Pupil block is managed initially with mydriatic, hyperosmotic agents (e.g., 20% mannitol) and acetazolamide. If not relieved, then laser or surgical peripheral iridectomy should be performed to bypass the pupillary block. 5. Postoperative anterior uveitis can be induced by instrumental trauma, undue handling of uveal tissue, reaction to residual cortex or chemical reaction induced by viscoelastics, pilocarpine etc. Management includes more aggressive use of topical steroids, cycloplegics and NSAIDs. Rarely systemic steroids may be required in cases with severe fibrinous reaction. 6. Bacterial endophthalmitis. This is one of the most dreaded complications with an incidence of 0.2 to 0.5 percent. The principal sources of infection are contaminated solutions, instruments, surgeon's hands, patient's own flora from conjunctiva, eyelids and air-borne bacteria. Symptoms and signs of bacterial endophthalmitis are generally present between 48 and 72 hours after surgery and include: ocular pain, diminshed vision, lid oedema, conjunctival chemosis and marked circumciliary congestion, corneal oedema, exudates in pupillary area, hypopyon and diminished or absent red pupillary glow. Management. It is an emergency and should be managed energetically (see page 152). [D] Late postoperative complications
 
 These complications may occur after weeks, months or years of cataract surgery. 1. Cystoid macular oedema (CME). Collection of fluid in the form of cystic loculi in the Henle’s layer of macula is a frequent complication of cataract surgery. However, in most cases it is clinically insignificant, does not produce any visual problem and undergoes spontaneous regression. In few cases, clinically significant CME typically produces visual diminution one to three months after cataract extraction. On funduscopy it gives honeycomb appearance. On fluorescein angiography it depicts typical flower petal pattern due to leakage of dye from perifoveal capillaries.
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 In most cases it is associated with vitreous incarceration in the wound and mild iritis. Role of some prostaglandins is being widely considered in its etiopathogenesis. Therefore, immediate preoperative and postoperative use of antiprostaglandins (indomethacin or flurbiprofen or ketorolac) eyedrops is recommended as prophylaxis of CME. In cases of CME with vitreous incarceration, anterior vitrectomy along with steroids and antiprostaglandins may improve visual acuity and decrease the amount of discomfort. 2. Delayed chronic postoperative endophthalmitis is caused when an organism of low virulence (Propionobacterium acne or staph epidermidis) becomes trapped within the capsular bag. It has an onset ranging from 4 weeks to years (mean 9 months) postoperatively and typically follows an uneventful cataract extraction with a PCIOL in the bag. 3. Pseudophakic bullous keratopathy (PBK) is usually a continuation of postoperative corneal oedema produced by surgical or chemical insult to a healthy or compromised corneal endothelium. PBK is becoming a common indication of penetrating keratoplasly (PK). 4. Retinal detachment (RD). Incidence of retinal detachment is higher in aphakic patients as compared to phakics. It has been noted that retinal detachment is more common after ICCE than after ECCE. Other risk factors for aphakic retinal detachment include vitreous loss during operation, associated myopia and lattice degeneration of the retina.
 
 5. Epithelial ingrowth. Rarely conjunctival epithelial cells may invade the anterior chamber through a defect in the incision. This abnormal epithelial membrane slowly grows and lines the back of cornea and trabecular meshwork leading to intractable glaucoma. In late stages, the epithelial membrane extends on the iris and anterior part of the vitreous. 6. Fibrous downgrowth into the anterior chamber ay occur very rarely when the cataract wound apposition is not perfect. It may cause secondary glaucoma, disorganisation of anterior segment and ultimately phthisis bulbi. 7. After cataract. It is also known as ‘secondary cataract’. It is the opacity which persists or develops after extracapsular lens extraction. Causes. (i) Residual opaque lens matter may persist as after cataract when it is imprisoned between the remains of the anterior and posterior capsule, surrounded by fibrin (following iritis) or blood (following hyphaema). (ii) Proliferative type of after cataract may develop from the left-out anterior epithelial cells. The proliferative hyaline bands may sweep across the whole posterior capsule. Clinical types. After cataract may present as thickened posterior capsule, or dense membranous after cataract (Fig. 8.28A) or Soemmering’s ring which refers to a thick ring of after cataract formed behind the iris, enclosed between the two layers of capsule (Fig. 8.28B) or Elschnig’s pearls in which the vacuolated subcapsular epithelial cells are clustered like soap bubbles along the posterior capsule (Fig. 8.28C).
 
 Fig. 8.28. Types of after cataract : A, dense membranous; B, Soemmering's ring; C, Elschnig's pearls.
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 Treatment is as follows : i. Thin membranous after cataract and thickened posterior capsule are best treated by YAG-laser capsulotomy or discission with cystitome or Zeigler’s knife. ii. Dense membranous after cataract needs surgical membranectomy. iii. Soemmering’s ring after cataract with clean central posterior capsule needs no treatment. iv. Elschnig’s pearls involving the central part of the posterior capsule can be treated by YAGlaser capsulotomy or discission with cystitome. 7. Glaucoma-in-aphakia and pseudophakia (see page 234).
 
 Sun-set syndrome (Inferior subluxation of IOL). Sun-rise syndrome (Superior subluxation of IOL).  Lost lens syndrome refers to complete dislocation of an IOL into the vitreous cavity.  Windshield wiper syndrome. It results when a very small IOL is placed vertically in the sulcus. In it the superior loop moves to the left and right, with movements of the head. 3. Pupillary capture of the IOL may occur following postoperative iritis or proliferation of the remains of lens fibres. 4. Toxic lens syndrome. It is the uveal inflammation excited by either the ethylene gas used for sterilising IOLs (in early cases) or by the lens material (in late cases).  
 
 [E] IOL-related complications
 
 In addition to the complications of cataract surgery, following IOL-related complications may be seen: 1. Complications like cystoid macular oedema, corneal endothelial damage, uveitis and secondary glaucoma are seen more frequently with IOL implantation, especially with anterior chamber and iris supported IOLs.  UGH syndrome refers to concurrent occurrence of uveitis, glaucoma and hyphaema. It used to occur with rigid anterior chamber IOLs, which are not used now. 2. Malpositions of IOL (Fig. 8.29). These may be in the form of decentration, subluxation and dislocation. The fancy names attached to various malpositions of IOL are:
 
 Fig. 8.29. Decentered IOL.
 
 DISPLACEMENTS OF THE LENS Displacement of the lens from its normal position (in patellar fossa) results from partial or complete rupture of the lens zonules. CLINICO-ETIOLOGICAL TYPES I. Congenital displacements
 
 These may occur in the following forms: (a) Simple ectopia lentis. In this condition displacement is bilaterally symmetrical and usually upwards. It is transmitted by autosomal dominant inheritance. (b) Ectopia lentis et pupillae. It is characterised by displacement of the lens associated with slit-shaped pupil which is displaced in the opposite direction. Other associations may be cataract, glaucoma and retinal detachment. (c) Ectopia lentis with systemic anomalies. Salient features of some common conditions are as follows: 1. Marfan’s syndrome. It is an autosomal dominant mesodermal dysplasia. In this condition lens is displaced upwards and temporally (bilaterally symmetrical) (Fig. 8.30). Systemic anomalies include arachnodactyly (spider fingers), long extremities, hyperextensibility of joints, high arched palate and dissecting aortic aneurysm. 2. Homocystinuria. It is an autosomal recessive, inborn error of metabolism. In it the lens is usually subluxated downwards and nasally.  Systemic features are fair complexion, malar flush, mental retardation, fits and poor motor control.
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 6. Stickler syndrome. Ectopia lentis is occasionally associated in this condition (details see page 270). 7. Sulphite oxidase deficiency. It is a very rare autosomal recessive disorder of sulphur metabolism. Ectopia lentis is a universal ocular feature. The systemic features include progressive muscular rigidity, decerebrate posture, and mental handicap. It is a fatal disease, death usually occurs before 5 years of age. II. Traumatic displacement of the lens Fig. 8.30. Subluxated IOL in Marfan's syndrome.
 
 Diagnosis is established by detecting homocystine in urine by sodium nitro-prusside test. 3. Weil-Marchesani syndrome. It is condition of autosomal recessive mesodermal dysplasia. Ocular features are spherophakia, and forward subluxation of lens which may cause pupil block glaucoma. Systemic features are short stature, stubby fingers and mental retardation. 4. Ehlers-Danlos syndrome. In it the ocular features are subluxation of lens and blue sclera. The systemic features include hyperextensibility of joints and loose skin with folds. 5. Hyperlysinaemia. It is an autsomal recessive inborne error of metabolism occurring due to deficiency of the enzyme lysin alphaketoglutarate reductase. It is an extremely rare condition occasionally associated with ectopia lentis. Systemic features include lax ligaments, hypotonic muscles, seizures and mental handicap. 
 
 A
 
 It is usually associated with concussion injuries. Couching is an iatrogenic posterior dislocation of lens performed as a treatment of cataract in olden days. III. Consecutive or spontaneous displacement
 
 It results from intraocular diseases giving rise to mechanical stretching, inflammatory disintegration or degeneration of the zonules. A few common conditions associated with consecutive displacements are: hypermature cataract, buphthalmos, high myopia, staphyloma, intraocular tumours and uveitis. TOPOGRAPHICAL TYPES
 
 Topographically, displacements of the lens may be classified as subluxation and luxation or dislocation. I. Subluxation
 
 It is partial displacement in which lens is moved sideways (up, down, medially or laterally), but remains behind the pupil. It results from partial rupture or unequal stretching of the zonules (Fig. 8.30 and 8.31A).
 
 B
 
 Fig. 8.31. Displacements of lens: A, subluxation; B, anterior dislocation; C, posterior dislocation.
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 Clinical feautres are as follows  Defective vision occurs due to marked astigmatism or lenticular myopia.  Uniocular diplopia may result from partial aphakia.  Anterior chamber becomes deep and irregular.  Iridodonesis is usually present.  Dark edge of the subluxated lens is seen on distant direct ophthalmoscopy Complications of subluxated lens include :  Complete dislocation,  Cataractous changes,  Uveitis and  Secondary glaucoma. Management. Spectacles or contact lens correction for phakic or aphakic area (whichever is better) is helpful in many cases. Surgery is controversial and usually associated with high risk of retinal detachment. Lensectomy with anterior vitrectomy may be performed in desperate cases. II. Dislocation or luxation of the lens
 
 In it all the zonules are severed from the lens. A dislocated lens may be incarcerated into the pupil or present in the anterior chamber (Fig. 8.31B), the vitreous (Fig. 8.31C) (where it may be floating – lens nutans; or fixed to retina – lens fixata), sub-retinal space, subscleral space or extruded out of the globe, partially or completely. Clinical features of posterior dislocation. These include: deep anterior chamber, aphakia in pupillary area, and iridodonesis. Ophthalmoscopic examination reveals lens in the vitreous cavity. Clinical features of anterior dislocation are deep anterior chamber and presence of lens in the anterior chamber. Clear lens looks like an oil drop in the aqueous. Complications associated with dislocated lens are uveitis and secondary glaucoma. Management. A lens dislocated in the anterior chamber and that incarcerated in the pupil should be removed as early as possible. A dislocated lens from the vitreous cavity should be removed only if it is causing uveitis or glaucoma. From the vitreous cavity lens can be removed after total vitrectomy, either with the help of an insulated vitreous cryoprobe or by aspiration facility of vitrectomy probe (only soft cataract).
 
 CONGENITAL ANOMALIES OF THE LENS 1. Coloboma of the lens. It is seen as a notch in the lower quadrant of the equator (Fig. 8.32). It is usually unilateral and often hereditary. 2. Congenital ectopia lentis (see lens displacement page 202). 3. Lenticonus. It refers to cone-shaped elevation of the anterior pole (lenticonus anterior, Fig. 8.33) or posterior pole (lenticonus posterior) of the lens. Lenticonus anterior may occur in Alport's syndrome and lenticonus posterior in Lowe's syndrome. On distant direct ophthalmoscopy, both present as an oil globule lying in the centre of the red reflex. Slit-lamp examination confirms the diagnosis. 4. Congenital cataract. (see page 170). 5. Microspherophakia. In this condition, the lens is spherical in shape (instead of normal biconvex) and small in size. Microspherophakia may occur as an isolated familial condition or as a feature of other syndromes e.g., Weil-Marchesani or Marfan’s syndrome.
 
 Fig. 8.32. Coloboma of the lens.
 
 Fig. 8.33. Lenticonus anterior.
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 CONGENITAL GLAUCOMAS  Terminology
 
 ANATOMY AND PHYSIOLOGY APPLIED ANATOMY
 
 Pathophysiology of glaucoma revolves around the aqueous humour dynamics. The principal ocular structures concerned with it are ciliary body, angle of anterior chamber and the aqueous outflow system.
 
 be visualised by gonioscopic examination (see page 546). Gonioscopic grading of the angle width. Various systems have been suggested to grade angle width. The most commonly used Shaffer’s system of grading the angle is given in Table 9.1 and is shown in Fig. 9.2.
 
 Ciliary body
 
 It is the seat of aqueous production. Applied aspects of its anatomy have been described on page ......... Angle of anterior chamber
 
 Angle of anterior chamber plays an important role in the process of aqueous drainage. It is formed by root of iris, anterior-most part of ciliary body, scleral spur, trabecular meshwork and Schwalbe’s line (prominent end of Descemet’s membrane of cornea) (Fig. 9.1). The angle width varies in different individuals and plays a vital role in the pathomechanism of different types of glaucoma. Clinically the angle structures can
 
 Fig. 9.1. Section of the anterior ocular structures showing region of the anterior chamber.
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 Table 9.1. Shaffer’s system of grading the angle width Grade
 
 Angle width
 
 Configuration
 
 Chances of closure
 
 Structures visible on gonioscopy
 
 IV III II I 0
 
 35-45o
 
 Wide open Open angle Moderately narrow Very narrow Closed
 
 Nil Nil Possible High Closed
 
 SL, TM, SS, CBB SL, TM, SS SL, TM SL only None of the angle structures visible
 
 20-35o 20o 10o 0o
 
 SL = Schwalbe’s line, TM = Trabecular meshwork, SS = Scleral spur, CBB = Ciliary body band
 
 Fig. 9.2. Diagrammatic depiction of various angle structures (SL, Schwalbe's line; TM, trabecular meshwork; SS, scleral spur; CBB, ciliary body band; ROI, root of iris) as seen in different grades of angle width (Schaffer's grading system): A, Gonioscopic view; B, Configuration of the angle in cross section of the anterior chamber.
 
 Aqueous outflow system
 
 It includes the trabecular meshwork, Schlemm’s canal, collector channels, aqueous veins and the episcleral veins (Fig. 9.3A). 1. Trabecular meshwork.It is a sieve-like structure through which aqueous humour leaves the eye. It consists of three portions. i. Uveal meshwork. It is the innermost part of trabecular meshwork and extends from the iris root and ciliary body to the Schwalbe's line. The arrangement of uveal trabecular bands create openings of about 25 m to 75 m. ii. Corneoscleral meshwork. It forms the larger middle portion which extends from the scleral spur to the lateral wall of the scleral sulcus. It consists of sheets of trabeculae that are perforated by elliptical openings which are smaller than those in the uveal meshwork (5 µ-50 µ). iii Juxtacanalicular (endothelial) meshwork. It forms the outermost portion of meshwork and consists of a layer of connective tissue lined on
 
 Fig. 9.3.A The aqueous outflow system.
 
 either side by endothelium. This narrow part of trabeculum connects the corneoscleral meshwork with Schlemm’s canal. In fact the outer endothelial layer of juxtacanalicular meshwork comprises the inner wall of Schlemm’s canal. This part of trabecular meshwork mainly offers the normal resistance to aqueous outflow.
 
 207
 
 GLAUCOMA
 
 2. Schlemm’s canal. This is an endothelial lined oval channel present circumferentially in the scleral sulcus. The endothelial cells of its inner wall are irregular, spindle-shaped and contain giant vacuoles. The outer wall of the canal is lined by smooth flat cells and contains the openings of collector channels. 3. Collector channels. These, also called intrascleral aqueous vessels, are about 25-35 in number and leave the Schlemm’s canal at oblique angles to terminate into episcleral veins in a laminated fashion. These intrascleral aqueous vessels can be divided into two systems (Fig. 9.3A). The larger vessels (aqueous veins) run a short intrascleral course and terminate directly into episcleral veins (direct system). Many smaller collector channels form an intrascleral plexus before eventually going into episcleral veins (indirect system). APPLIED PHYSIOLOGY
 
 The physiological processes concerned with the dynamics of aqueous humour are its production, drainage and maintenance of intraocular pressure. Aqueous humour and its production
 
 Volume. The aqueous humour is a clear watery fluid filling the anterior chamber (0.25 ml) and posterior chamber (0.06 ml) of the eyeball. Functions of aqueous humour are:  It maintains a proper intraocular pressure.  It plays an important metabolic role by providing substrates and by removing metabolites from the avascular cornea and lens.  It maintains optical transparency.  It takes the place of lymph that is absent within the eyeball. Refractive index of aqueous humour is 1.336. Composition. Constituents of normal aqueous humour are on :.  Water 99.9 and solids 0.1% which include :  Proteins (colloid content). Because of blood aqueous barrier the protein content of aqueous humour (5-16 mg%) is much less than that of plasma (6-7 gm%). However, in inflammation of uvea (iridocyclitis) the blood-aqueous barrier is broken and the protein content of aqueous is increased (plasmoid aqueous).  Amino acid constituent of aqueous humour is about 5 mg/kg water.  Non-colloid constituents in millimols /kg water are glucose (6.0), urea (7), ascorbate (0.9), lactic
 
 acid (7.4), inositol (0.1), Na+ (144), K+ (4.5), Cl— (10), and HCO3— (34).  Oxygen is present in aqueous in dissolved state. Note: Thus, composition of aqueous is similar to plasma except that it has:  High concentrations of ascorbate, pyruvate and lactate; and  Low concentration of protein, urea and glucose. Aqueous humour: anterior chamber versus posterior chamber. The composition of aqeuous humour in anterior chamber differs from that of the aqueous humour in posterior chamber because of metabolic interchange. The main differences are : — in posterior chamber aqueous is higher  HCO 3 than in the anterior chamber. — concentration in posterior chamber is lower  Cl than in the anterior chamber.  Ascorbate concentration of posterior aqueous is slightly higher than that of anterior chamber aqueous. Production. Aqueous humour is derived from plasma within the capillary network of ciliary processes. The normal aqueous production rate is 2.3 µl/min. The three mechanisms diffusion, ultrafiltration and secretion (active transport) play a part in its production at different levels. The steps involved in the process of production are summarized below: 1. Ultrafiltration. First of all, by ultrafiltration, most of the plasma substances pass out from the capillary wall, loose connective tissue and pigment epithelium of the ciliary processes. Thus, the plasma filtrate accumulates behind the nonpigment epithelium of ciliary processes. 2. Secretion. The tight junctions between the cells of the non-pigment epithelium create part of blood aqueous barrier. Certain substances are actively transported (secreted) across this barrier into the posterior chamber. The active transport is brought about by Na+-K+ activated ATPase pump and carbonic anhydrase enzyme system. Substances that are actively transported include sodium, chlorides, potassium, ascorbic acid, amino acids and bicarbonates. 3. Diffusion. Active transport of these substances across the non-pigmented ciliary epithelium results in an osmotic gradient leading to the movement of other plasma constituents into the posterior chamber by ultrafiltration and diffusion. Sodium is primarily responsible for the movement of water into the posterior chamber.
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 Control of aqueous formation. The diurnal variation in intraocular pressure certainly indicates that some endogenous factors do influence the aqueous formation. The exact role of such factors is yet to be clearly understood. Vasopressin and adenyl-cyclase have been described to affect aqueous formation by influencing active transport of sodium. Ultrafiltration and diffusion, the passive mechanisms of aqueous formation, are dependent on the level of blood pressure in the ciliary capillaries, the plasma osmotic pressure and the level of intraocular pressure. Drainage of aqueous humour
 
 Aqueous humour flows from the posterior chamber into the anterior chamber through the pupil against slight physiologic resistance. From the anterior chamber the aqueous is drained out by two routes (Fig. 9.3B): 1. Trabecular (conventional) outflow. Trabecular meshwork is the main outlet for aqueous from the anterior chamber. Approximately 90 percent of the total aqueous is drained out via this route. Free flow of aqueous occurs from trabecular meshwork up to inner wall of Schlemm's canal which appears to provide some resistance to outflow. Mechanism of aqueous transport across inner wall of Schlemm’s canal. It is partially understood. Vacuolation theory is the most accepted view. According to it, transcellular spaces exist in the endothelial cells forming inner wall of Schlemm's canal. These open as a system of vacuoles and pores, primarily in response to pressure, and transport the aqueous from the juxtacanalicular connective tissue to Schlemm’s canal (Fig. 9.4). From Schlemm's canal the aqueous is transported via 25-35 external collector channels into the episcleral veins by direct and indirect systems (Fig. 9.3A). A pressure gradient between intraocular pressure and intrascleral venous pressure (about 10 mm of Hg) is responsible for unidirectional flow of aqueous. 2. Uveoscleral (unconventional) outlow. It is responsible for about 10 percent of the total aqueous outflow. Aqueous passes across the ciliary body into the suprachoroidal space and is drained by the venous circulation in the ciliary body, choroid and sclera. The drainage of aqueous humour is summarized in the flowchart (Fig. 9.3B).
 
 Maintenance of intraocular pressure
 
 The intraocular pressure (IOP) refers to the pressure exerted by intraocular fluids on the coats of the eyeball. The normal IOP varies between 10 and 21 mm of Hg (mean 16 ± 2.5 mm of Hg). The normal level of IOP is essentially maintained by a dynamic equilibrium between the formation and outflow of the aqueous humour. Various factors influencing intraocular pressure can be grouped as under: (A) Local factors 1. Rate of aqueous formation influences IOP levels. The aqueous formation in turn depends upon many factors such as permeability of ciliary capillaries and osmotic pressure of the blood. 2. Resistance to aqueous outflow (drainage). From clinical point of view, this is the most important factor. Most of the resistance to aqueous outflow is at the level of trabecular meshwork. 3. Increased episcleral venous pressure may result in rise of IOP. The Valsalva manoeuvre causes temporary increase in episcleral venous pressure and rise in IOP.
 
 Fig. 9.3.B Flow chart depicting drainage of aqueous humour
 
 GLAUCOMA
 
 Fig. 9.4. Vacuolation theory of aqueous transport across the inner wall of the Schlemm's canal: 1. Non-vacuolated stage; 2. Stage of early infolding of basal surface of the endothelial cell; 3. Stage of macrovacuolar structure formation; 4. Stage of vacuolar transcellular channel formation;5.Stage of occlusion of the basal infolding.
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 4. Dilatation of pupil in patients with narrow anterior chamber angle may cause rise of IOP owing to a relative obstruction of the aqeuous drainage by the iris. (B) General factors 1. Heredity. It influences IOP, possibly by multifactorial modes. 2. Age. The mean IOP increases after the age of 40 years, possibly due to reduced facility of aqueous outflow. 3. Sex. IOP is equal between the sexes in ages 2040 years. In older age groups increase in mean IOP with age is greater in females. 4. Diurnal variation of IOP. Usually, there is a tendency of higher IOP in the morning and lower in the evening (Fig. 9.7). This has been related to diurnal variation in the levels of plasma cortisol. Normal eyes have a smaller fluctuation (< 5 mm of Hg) than glaucomatous eyes (> 8 mm of Hg). 5. Postural variations. IOP increases when changing from the sitting to the supine position. 6. Blood pressure. As such it does not have longterm effect on IOP. However, prevalence of glaucoma is marginally more in hypertensives than the normotensives. 7. Osmotic pressure of blood. An increase in plasma osmolarity (as occurs after intravenous mannitol, oral glycerol or in patients with uraemia) is associated with a fall in IOP, while a reduction in plasma osmolarity (as occurs with water drinking provocative tests) is associated with a rise in IOP. 8. General anaesthetics and many other drugs also influence IOP e.g., alcohol lowers IOP, tobacco smoking, caffeine and steroids may cause rise in IOP. In addition there are many antiglaucoma drugs which lower IOP.
 
 GENERAL CONSIDERATIONS DEFINITION AND CLASSIFICATION OF GLAUCOMA Definition
 
 Glaucoma is not a single disease process but a group of disorders characterized by a progressive optic neuropathy resulting in a characterstic appearance of the optic disc and a specific pattern of irreversible visual field defects that are associated frequently but
 
 not invariably with raised intraocular pressure (IOP). Thus, IOP is the most common risk factor but not the only risk factor for development of glaucoma. Consequently the term ‘ocular hypertension’ is used for cases having constantly raised IOP without any associated glaucomatous damage. Conversely, the term normal or low tension glaucoma (NTG/LTG) is suggested for the typical cupping of the disc and/or visual field defects associated with a normal or low IOP. Classification
 
 Clinico-etiologically glaucoma may be classified as follows: (A) Congenital and developmental glaucomas 1. Primary congenital glaucoma (without associated anomalies). 2. Developmental glaucoma (with associated anomalies). (B) Primary adult glaucomas 1. Primary open angle glaucomas (POAG) 2. Primary angle closure glaucoma (PACG) 3. Primary mixed mechanism glaucoma (C) Secondary glaucomas PATHOGENESIS OF GLAUCOMATOUS OCULAR DAMAGE
 
 As mentioned in definition, all glaucomas (classified above and described later) are characterized by a progressive optic neuropathy. It has now been recognized that progressive optic neuropathy results from the death of retinal ganglion cells (RGCs) in a typical pattern which results in characteristic optic disc appearance and specific visual field defects. Pathogenesis of retinal ganglion cell death
 
 Retinal ganglion cell (RGC) death is initiated when some pathologic event blocks the transport of growth factors (neurotrophins) from the brain to the RGCs. The blockage of these neurotrophins initiate a damaging cascade, and the cell is unable to maintain its normal function. The RGCs losing their ability to maintain normal function undergo apoptosis and also trigger apoptosis of adjacent cells. Apoptosis is a genetically controlled cell suicide programme whereby irreversibaly damaged cells die, and are subsequently engulfed by neighbouring cells, without eliciting any inflammatory response.
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 Retinal ganglion cell death is, of course, associated with loss of retinal nerve fibres. As the loss of nerve fibres extends beyond the normal physiological overlap of functional zones. The characteristic optic disc changes and specific visual field defects become apparent over the time. Etiological factors
 
 Factors involved in the etiology of retinal ganglion cell death and thus in the etiology of glaucomatous optic neuropathy can be grouped as below: A. Primary insults 1. Raised intraocular pressure (Mechanical theory). Raised intraocular pressure causes mechanical stretch on the lamina cribrosa leading to axonal deformation and ischaemia by altering capillary blood flow. As a result of this, neurotrophins (growth factors) are not able to reach the retinal ganglion cell bodies in sufficient amount needed for their survival. 2. Pressure independent factors (Vascular insufficiency theory). Factors affecting vascular perfusion of optic nerve head in the absence of raised IOP have been implicated in the glaucomatous optic neuropathy in patients with normal tension glaucoma (NTG). However, these may be the additional factors in cases of raised IOP as well. These factors include: i. Failure of autoregulatory mechanism of blood flow. The retina and optic nerve share a peculiar mechanism of autoregulation of blood flow with rest of the central nervous system. Once the autoregulatory mechanisms are compromised, blood flow may not be adequate beyond some critical range of IOP (which may be raised or in normal range). ii. Vasospasm is another mechanism affecting vascular perfusion of optic nerve head. This hypothesis gets credence from the convincing association between NTG and vasospastic disorders (migranous headache and Raynaud's phenomenon). iii. Systemic hypotension particularly nocturnal dips in patients with night time administration of antihypertensive drugs has been implicated for low vascular perfusion of optic nerve head resulting in NTG. iv. Other factors such as acute blood loss and abnormal coagulability profile have also been associated with NTG.
 
 B. Secondary insults (Excitotoxicity theory) Neuronal degeneration is believed to be driven by toxic factors such as glutamate (excitatory toxin), oxygen free radicals, or nitric oxide which are released when RGCs undergo death due to primary insults. In this way the secondary insult leads to continued damage mediated apoptosis, even after the primary insult has been controlled.
 
 CONGENITAL / DEVELOPMENTAL GLAUCOMAS TERMINOLOGY
 
 The congenital glaucomas are a group of diverse disorders in which abnormal high intraocular pressure results due to developmental abnormalities of the angle of anterior chamber obstructing the drainage of aqueous humour. Sometimes glaucoma may not occur until several years after birth; therefore, the term developmental glaucoma is preferred to describe such disorders. Types
 
 1. Primary developmental/congenital glaucoma. 2. Developmental glaucoma with associated ocular anomalies. PRIMARY DEVELOPMENTAL/CONGENITAL GLAUCOMA
 
 It refers to abnormally high IOP which results due to developmental anomaly of the angle of the anterior chamber, not associated with any other ocular or systemic anomaly. Depending upon the age of onset the developmental glaucomas are termed as follows: 1. True congenital glaucoma is labelled when IOP is raised during intrauterine life and child is born with ocular enlargement. It occurs in about 40 percent of cases. 2. Infantile glaucoma is labelled when the disease manifests prior to the child's third birthday. It occurs in about 50 percent of cases. 3. Juvenile glaucoma is labelled in the rest 10 percent of cases who develop pressure rise between 3-16 years of life.
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 When the disease manifests prior to age of 3 years, the eyeball enlarges and so the term‘buphthalmos’ (bull-like eyes) is used. As it results due to retention of aqueous humour (watery solution), the term ‘hydrophthalmos, has also been suggested. Prevalence and genetic pattern 
 
 
 
 
 
 
 
 Most cases are sporadic. About 10 percent cases exhibit an autosomal recessive inheritance with incomplete peneterance. Although sex linkage is not common in inheritance, over 65 percent of the patients are boys. The disease is bilateral in 75 percent cases, though the involvement may be asymmetric. The disease affects only 1 child in 10,000 births.
 
 Pathogenesis
 
 Maldevelopment of trabeculum including the iridotrabecular junction (trabeculodysgenesis) is responsible for impaired aqueous outflow resulting in raised IOP. In primary congenital glaucoma the trabeculodysgenesis is not associated with any other major ocular anomalies. Clinically, trabeculodysgenesis is characterized by absence of the angle recess with iris having a flat or concave direct insertion into the surface of trabeculum as follows:  Flat iris insertion is more common than the concave iris insertion. In it the iris inserts flatly and abruptly into the thickened trabeculum either at or anterior to scleral spur (more often) or posterior to scleral spur. It is often possible to visualize a portion of ciliary body and scleral spur.  Concave iris insertion is less common. In it the superficial iris tissue sweeps over the iridotrabecular junction and the trabeculum and thus obscures the scleral spur and ciliary body.
 
 i. Corneal oedema. It is frequently the first sign which arouses suspicion. At first it is epithelial, but later there is stromal involvement and permanent opacities may occur. ii. Corneal enlargement. It occurs along with enlargement of globe-buphthalmos (Fig. 9.5), especially when the onset is before the age of 3 years. Normal infant cornea measures 10.5 mm. A diameter of more than 13 mm confirms enlargement. Prognosis is usually poor in infants with corneal diameter of more than 16 mm. iii. Tears and breaks in Descemet’s membrane (Haab’s striae). These occur because Descemet’s membrane is less elastic than the corneal stroma. Tears are usually peripheral and concentric with the limbus. 3. Sclera becomes thin and appears blue due to underlying uveal tissue. 4. Anterior chamber becomes deep. 5. Iris may show iridodonesis and atrophic patches in late stage. 6. Lens becomes flat due to stretching of zonules and may even subluxate. 7. Optic disc may show variable cupping and atrophy especially after third year. 8. IOP is raised which is neither marked nor acute. 9. Axial myopia may occur because of increase in axial length which may give rise to anisometropic amblyopia. Examination (Evaluation)
 
 A complete examination under general anaesthesia should be performed on each child suspected of having congenital glaucoma. The examination should include following:
 
 Clinical features
 
 1. Photophobia, blepharospasm, lacrimation and eye rubbing often occur together. These are thought to be caused by irritation of corneal nerves, which occurs as a result of the elevated IOP. Photophobia is usually the initial sign, but is not enough by itself to arouse suspicion in most cases. 2. Corneal signs. Corneal signs include its oedema, enlargement and Descemet’s breaks.
 
 Fig. 9.5. A child with congenital glaucoma.
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 1. Measurement of IOP with Schiotz or preferably hand held Perkin’s applanation tonometer since scleral rigidity is very low in children. 2. Measurement of corneal diameter by callipers. 3. Ophthalmoscopy to evalute optic disc. 4. Gonioscopic examination of angle of anterior chamber reveals trabeculodysgenesis with either flat or concave iris insertion as described in pathogenesis. Differential diagnosis
 
 It is to be considered for different presenting signs as follows: 1. Cloudy cornea. In unilateral cases the commonest cause is trauma with rupture of Descemet’s membrane (forceps injury). In bilateral cases causes may be trauma, mucopolysaccharidosis, interstitial keratitis and corneal endothelial dystrophy. 2. Large cornea due to buphthalmos should be differentiated from megalocornea. 3. Lacrimation in an infant is usually considered to be due to congenital nasolacrimal duct blockage and thus early diagnosis of congenital glaucoma may be missed. 4. Photophobia may be due to keratitis or uveitis. 5. Raised IOP in infants may also be associated with retinoblastoma, retinopathy of prematurity, persistent primary hyperplastic vitreous, traumatic glaucoma and secondary congenital glaucoma seen in rubella, aniridia and Sturge-Weber syndrome. Treatment
 
 Treatment of congenital glaucoma is primarily surgical. However, IOP must be lowered by use of hyperosmotic agents, acetazolamide and betablockers till surgery is taken up. Miotics are of no use in such cases. Surgical procedures for congenital glaucoma
 
 1. Goniotomy (Fig. 9.6). In this procedure a Barkan's goniotomy knife is passed through the limbus on the temporal side. Under gonioscopic control the knife is passed across the anterior chamber to the nasal part of the angle. An incision is made in the angle approximately midway between root of the iris and Schwalbe's ring through approximately 75°. The knife
 
 Fig. 9.6. Technique of goniotomy : A, showing position of goniotomy knife in the angle under direct visualization; B, showing procedure of sweeping the knife in the angle.
 
 is then withdrawn. Although the procedure may have to be repeated, the eventual success rate is about 85 percent. 2. Trabeculotomy. This is useful when corneal clouding prevents visualization of the angle or in cases where goniotomy has failed. In this, canal of Schlemm is exposed at about 12 O’clock position by a vertical scleral incision after making a conjunctival flap and partial thickness scleral flap. The lower prong of Harm’s trabeculotome is passed along the Schlemm’s canal on one side and the upper prong is used as a guide (Fig. 9.7). Then the trabeculotome is rotated so as to break the inner wall over one quarter of the canal. This is then repeated on the other side. The main difficulty in this operation is localization of the Schlemm's canal. 3. Combined trabeculotomy and trabeculectomy is now-a-days the preferred surgery with better results.
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 PRIMARY OPEN ANGLE GLAUCOMA AND RELATED CONDITIONS PRIMARY OPEN ANGLE GLAUCOMA As the name implies, it is a type of primary glaucoma, where there is no obvious systemic or ocular cause of rise in the intraocular pressure. It occurs in eyes with open angle of the anterior chamber. Primary open angle glaucoma (POAG) also known as chronic simple glaucoma of adult onset and is typically characterised by slowly progressive raised intraocular pressure (>21 mmHg recorded on at least a few occasions) associated with characteristic optic disc cupping and specific visual field defects. ETIOPATHOGENESIS Fig. 9.7. Technique of trabeculotomy.
 
 DEVELOPMENTAL GLAUCOMAS WITH ASSOCIATED ANOMALIES A wide variety of systemic and/or ocular anomalies have an associated raised IOP, usually due to developmental defects of the anterior chamber angle. Some of the associations are as follows: 1. Glaucoma associated with iridocorneal dysgenesis. These include: posterior embryotoxon characterised by a prominent Schwalbe’s ring (Axenfeld anomaly), Rieger anomaly, Rieger syndrome, Peter’s anomaly and combined Rieger syndrome and Peter’s anomaly. 2. Glaucoma associated with aniridia (50% cases). 3. Glaucoma associated with ectopia lentis syndromes, which include Marfan’s syndrome, Weil-Marchesani syndrome and homocystinuria. 4. Glaucoma associated with phakomatosis is seen in Sturge-Weber syndrome ( 50% cases) and Von Recklinghausen’s neurofibromatosis (25% cases). 5. Miscellaneous conditions. Lowe’s syndrome (oculo-cerebro-renal syndrome), naevus of Ota, nanophthalmos, congenital ectropion uveae, congenital microcornea and rubella syndrome.
 
 Etiopathogenesis of POAG is not known exactly. Some of the known facts are as follows: (A) Predisposing and risk factors. These include the following: 1. Heredity. POAG has a polygenic inheritance. The approximate risk of getting disease is 10% in the siblings, and 4% in the offspring of patients with POAG. 2. Age. The risk increases with increasing age. The POAG is more commonly seen in elderly between 5th and 7th decades. 3. Race. POAG is significantly more common, develops earlier and is more severe in black people than in white. 4. Myopes are more predisposed than the normals. 5. Diabetics have a higher prevalence of POAG than non-diabetics. 6. Cigarette smoking is also thought to increase its risk. 7. High blood pressure is not the cause of rise in IOP, however the prevalence of POAG is more in hypertensives than the normotensives. 8. Thyrotoxicosis is also not the cause of rise in IOP, but the prevalence of POAG is more in patients suffering from Graves’ ophthalmic disease than the normals. (B) Pathogenesis of rise in IOP. It is certain that rise in IOP occurs due to decrease in the aqueous outflow facility due to increased resistance to aqueous
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 outflow caused by age-related thickening and sclerosis of the trabeculae and an absence of giant vacuoles in the cells lining the canal of Schlemm. However, the cause of these changes is uncertain.
 
 over 5 mm Hg (Schiotz) is suspicious and over 8 mm of Hg is diagnostic of glaucoma. In later stages, IOP is permanently raised above 21 mm of Hg and ranges between 30 and 45 mm of Hg.
 
 (C) Corticosteroid responsiveness. Patients with POAG and their offspring and sibilings are more likely to respond to six weeks topical steroid therapy with a significant rise of IOP. INCIDENCE OF POAG
 
 It varies in different populations. In general, it affects about 1 in 100 of the general population (of either sex) above the age of 40 years. It forms about onethird cases of all glaucomas. CLINICAL FEATURES Symptoms
 
 1. The disease is insidious and usually asymptomatic, until it has caused a significant loss of visual field. Therefore, periodic eye examination is required after middle age. 2. Patients may experience mild headache and eyeache. 3. Occasionally, an observant patient may notice a defect in the visual field. 4. Reading and close work often present increasing difficulties owing to accommodative failure due to constant pressure on the ciliary muscle and its nerve supply. Therefore, patients usually complain of frequent changes in presbyopic glasses. 5. Patients develop delayed dark adaptation, a disability which becomes increasingly disturbing in the later stages. Signs
 
 I. Anterior segment signs. Ocular examination including slit-lamp biomicroscopy may reveal normal anterior segment. In late stages pupil reflex becomes sluggish and cornea may show slight haze. II. Intraocular pressure changes. In the initial stages the IOP may not be raised permanently, but there is an exaggeration of the normal diurnal variation. Therefore, repeated observations of IOP (every 3-4 hour), for 24 hours is required during this stage (Diurnal variation test). In most patients IOP falls during the evening, contrary to what happens in closed angle glaucoma. Patterns of diurnal variation of IOP are shown in Fig. 9.8. A variation in IOP of
 
 Fig. 9.8. Patterns of diurnal variations of IOP: A, normal slight morning rise; B, morning rise seen in 20% cases of POAG; C, afternoon rise seen in 25% cases of POAG; D, biphasic variation seen in 55% cases of POAG.
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 III. Optic disc changes. Optic disc changes, usually observed on routine fundus examination, provide an important clue for suspecting POAG. These are typically progressive, asymmetric and present a variety of characteristic clinical patterns. It is essential, therefore, to record the appearance of the nerve head in such a way that will accurately reveal subtle glaucomatous changes over the course of follow-up evaluation. Examination techniques. Careful assessment of disc changes can be made by direct ophthalmoscopy, slitlamp biomicroscopy using a + 90D lens, Hruby lens or Goldmann contact lens and indirect ophthalmoscopy. The recording and documentation techniques include serial drawings, photography and photogrammetry. Confocal scanning laser topography (CSLT) i.e., Heidelberg retinal tomograph (HRT) is an accurate and sensitive method for this purpose. Other advanced imaging techniques include optical coherence tomography (OCT) and scanning laser polarimetry i.e., Nerve fibre analyser (NFA). Glaucomatous changes in the optic disc can be described as early changes, advanced changes and glaucomatous optic atrophy. Figures 9.9A & B show normal disc configuration. (a) Early glaucomatous changes (Figs. 9.9C&D) should be suspected to exist if fundus examination reveals one or more of the following signs: 1. Vertically oval cup due to selective loss of neural rim tissue in the inferior and superior poles. 2. Asymmetry of the cups. A difference of more than 0.2 between two eyes is significant. 3. Large cup i.e., 0.6 or more (normal cup size is 0.3 to 0.4) may occur due to concentric expansion. 4. Splinter haemorrhages present on or near the optic disc margin. 5. Pallor areas on the disc. 6. Atrophy of retinal nerve fibre layer which may be seen with red free light. (b) Advanced glaucomatous changes in the optic disc (Figs. 9.10A&B): 1. Marked cupping (cup size 0.7 to 0.9), excavation may even reach the disc margin, the sides are steep and not shelving (c.f. deep physiological cup).
 
 2. Thinning of neuroretinal rim which occurs in advanced cases is seen as a crescentric shadow adjacent to the disc margin. 3. Nasal shifting of retinal vessels which have the appearance of being broken off at the margin is an important sign (Bayonetting sign). When the edges overhang, the course of the vessels as they climb the sides of the cup is hidden. 4. Pulsations of the retinal arterioles may be seen at the disc margin (a pathognomic sign of glaucoma), when IOP is very high. 5. Lamellar dot sign the pores in the lamina cribrosa are slit-shaped and are visible up to the margin of the disc. (c) Glaucomatous optic atrophy. As the damage progresses, all the neural tissue of the disc is destroyed and the optic nerve head appears white and deeply excavated (Figs. 9.10 C&D). Pathophysiology of disc changes. Both mechanical and vascular factors play a role in the cupping of the disc.  Mechanical effect of raised IOP forces the lamina cribrosa backwards and squeezes the nerve fibres within its meshes to disturb axoplasmic flow.  Vascular factors contribute in ischaemic atrophy of the nerve fibres without corresponding increase of supporting glial tissue. As a result, large caverns or lacunae are formed (cavernous optic atrophy). IV. Visual field defects. Visual field defects usually run parallel to the changes at the optic nerve head and continue to progress if IOP is not controlled. These can be described as early and late field defects. Anatomical basis of field defects. For better understanding of the actual field defects, it is mandatory to have a knowledge of their anatomical basis. (A) Distribution of retinal nerve fibres (Fig. 9.11). 1. Fibres from nasal half of the retina come directly to the optic disc as superior and inferior radiating fibres (srf and irf). 2. Those from the macular area come horizontally as papillomacular bundle (pmb). 3. Fibres from the temporal retina arch above and below the macula and papillomacular bundle as superior and inferior arcuate fibres with a horizontal raphe in between (saf and iaf).
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 Fig. 9.9. Normal optic disc (A, Diagrammatic depiction; B, Fundus photograph) and optic disc showing early glaucomatous changes (C, Diagrammatic depiction; D, Fundus photograph).
 
 (B) Arrangement of nerve fibres within optic nerve head (Fig. 9.12): Those from the peripheral part of the retina lie deep in the retina but occupy the most peripheral (superficial) part of the optic disc. While fibres originating closer to the nerve head lie superficially in the retina and occupy a more central (deep) portion of the disc.
 
 The arcuate nerve fibres occupy the superior and inferior temporal portions of optic nerve head and are most sensitive to glaucomatous damage; accounting for the early loss in the corresponding regions of the visual field. Macular fibres are most resistant to the glaucomatous damage and explain the retention of the central vision till end.
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 Fig. 9.10. Optic disc showing advanced glaucomatous changes (A, diagramatic depiction; B, fundus photograph) and glaucomotous optic atrophy (C, diagramatic depiction; D, fundus photograph).
 
 Progression of field defects. Visual field defects in glaucoma are initially observed in Bjerrum’s area (1025 degree from fixation) and correlate with optic disc changes. The natural history of the progressive glaucomatous field loss, more or less, takes the following sequence: 1. Isopter contraction. It refers to mild generalised constriction of central as well as peripheral field. It is the earliest visual field defect occurring in
 
 glaucoma. However, it is of limited diagnostic value, as it may also occur in many other conditions. 2. Baring of blind spot. It is also considered to be an early glaucomatous change, but is very non-specific and thus of limited diagnostic value. Baring of the blind spot means exclusion of the blind spot from the central field due to inward curve of the outer boundary of 30° central field (Fig. 9.13A).
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 Fig. 9.11. Distribution of retinal nerve fibres.
 
 Fig. 9.12. Arrangement of nerve fibres within optic nerve head.
 
 3. Small wing-shaped paracentral scotoma (Fig. 9.13B). It is the earliest clinically significant field defect. It may appear either below or above the blind spot in Bjerrum's area (an arcuate area extending above and below the blind spot to between 10o and 20o of fixation point). 4. Seidel’s scotoma.With the passage of time paracental scotoma joins the blind spot to form a sickle shaped scotoma known as Seidel’s scotoma (Fig. 9.13C). 5. Arcuate or Bjerrum’s scotoma. It is formed at a later stage by the extension of Seidel’s scotoma in an area either above or below the fixation point to reach the horizontal line (Fig. 9.13D). Damage to the adjacent fibres causes a peripheral breakthrough. 6. Ring or double arcuate scotoma. It develops when the two arcuate scotomas join together (Fig. 9.13E). 7. Roenne's central nasal step. It is created when the two arcuate scotomas run in different arcs and meet to form a sharp right-angled defect at the horizontal meridian (Fig. 9.13E).
 
 Fig. 9.13. Field defects in POAG: A, baring of blind spot; B, superior paracentral scotoma; C, Seidel's scotoma; D, Bjerru-m's scotoma; E, double arcuate scotoma and Roenne's central nasal step.
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 8. Peripheral field defects. These appear sometimes at an early stage and sometimes only late in the disease. The peripheral nasal step of Roenne's results from unequal contraction of the peripheral isopter. 9. Advanced glaucomatous field defects. The visual field loss gradually spreads centrally as well as peripherally, and eventually only a small island of central vision (tubular vision) and an accompanying temporal island are left. With the continued damage, these islands of vision also progressively diminish in size until the tiny central island is totally extinguished. The temporal island of the vision is more resistant and is lost in the end leaving the patient with no light perception. Diagnosis of glaucoma field defects on HFA single field printout. Glaucomatous field defects should always be interpreted in conjunction with clinical features (IOP and optic disc changes). Further, before final interpretation, the fields must be tested twice, as there is often a significant improvement in the field when plotted second time (because patients become more familiar with the machine and test process). Criteria to grade glaucomatous field defects. The criteria to label early, moderate and severe glaucomatous field defect from the HFA central 30-2 test, single printout is depicted in Table 9.2.
 
 Note. For proper understanding of Table 9.2, evaluation of the Humphrey single field printout described on page 485 should be revised. Ocular associations
 
 POAG may sometimes be associated with high myopia, Fuchs’ endothelial dystrophy, retinitis pigmentosa, central retinal vein occlusion and primary retinal detachment. INVESTIGATIONS
 
 1. Tonometry. Applanation tonometry should be preferred over Schiotz tonometry (see page 479). 2. Diurnal variation test is especially useful in detection of early cases (see page 215). 3. Gonioscopy. It reveals a wide open angle of anterior chamber. Its primary importance in POAG is to rule out other forms of glaucoma. For details (see page 206 and 546). 4. Documentation of optic disc changes is of utmost importance (see page 216). 5. Slit-lamp examination of anterior segment to rule out causes of secondary open angle glaucoma. 6. Perimetry to detect the visual field defects. 7. Nerve fibre layer analyzer (NFLA) is a recently introduced device which helps in detecting the
 
 Table 9.2: Criteria to diagnose early, moderate and severe glaucomatous field defects from HFA: 30-2- test. Sr.
 
 Parameter
 
 no.
 
 Criteria for glaucomatous field defects Early defects
 
 Moderate defects
 
 Severe defects
 
 1.
 
 Mean deviation (MD)
 
 – 12dB
 
 2.
 
 Corrected pattern standard deviation (CPSD)
 
 Depressed to the p 20
 
 3.
 
 Pattern deviation plot Points depressed below the p < 5% or  Points depressed below the p < 1% 
 
 4.
 
 Glaucoma Hemifield Test (GHT)
 
 Outside normal limits
 
 Outside normal limits
 
 Outside normal limits
 
 5.
 
 Sensitivity in central 5 degree
 
 No point < 15dB
 
 One hemifield may have point with sensitivity 8, there is high risk of developing PDR).  Venous abnormalities, beading, looping and dilatation.  Intraretinal microvascular abnormalities (IRMA).  Dark-blot haemorrhages representing haemorrhagic retinal infarcts. On the basis of severity of the above findings the NPDR has been further classified as under: 1. Mild NPDR (Fig. 11.14A).  At least one microaneurysm or intraretinal hemorrhage.  Hard/soft exudates may or may not be present. 2. Moderate NPDR (Fig. 11.14B)  Moderate microaneurysms/intraretinal hemorrhage.  Early mild IRMA.  Hard/soft exudates may or may not present. 3. Severe NPDR. Any one of the following (4-2-1 Rule) (Fig. 11.14C):  Four quadrants of severe microaneurysms/ intraretinal hemorrhages.  Two quadrants of venous beading.  One quadrant of IRMA changes. 4. Very severe NPDR. Any two of the following (4-2-1 Rule) (Fig. 11.14D):  Four quadrants of severe microaneurysms/ intraretinal hemorrhages.  Two quadrants of venous beading.  One quadrant of IRMA changes. 
 
 II. Proliferative diabetic retinopathy (PDR)
 
 Proliferative diabetic retinopathy (Figs. 11.14 E&F) develops in more than 50 percent of cases after about 25 years of the onset of disease. Therefore, it is more common in patients with juvenile onset diabetes. The hallmark of PDR is the occurrence of neovascularisation over the changes of very severe non-proliferative diabetic retinopathy. It is characterised by proliferation of new vessels from the capillaries, in the form of neovascularisation at
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 the optic disc (NVD) and/or elsewhere (NVE) in the fundus, usually along the course of the major temporal retinal vessels. These new vessels may proliferate in the plane of retina or spread into the vitreous as vascular fronds. Later on condensation of connective tissue around the new vessels results in formation of fibrovascular epiretinal membrane. Vitreous detachment and vitreous haemorrhage may occur in this stage. Types. On the basis of high risk characteristics (HRCs) described by diabetic retinopathy study (DRS) group, the PDR can be further classified as below:
 
 1. PDR without HRCs (Early PDR) (Fig. 11.14E), and 2. PDR with HRCs (Advanced PDR). High risk characteristics (HRC) of PDR are as follows (Fig. 11.14F):  NVD 1/4 to 1/3 of disc area with or without vitreous haemorrhage (VH) or pre-retinal haemorrhage (PRH)  NVD < 1/4 disc area with VH or PRH  NVE > 1/2 disc area with VH or PRH III. Diabetic maculopathy
 
 Changes in macular region need special mention, due to their effect on vision. These changes may be
 
 A
 
 B
 
 C
 
 D
 
 E
 
 F
 
 G
 
 Fig. 11.14. Diabetic retinopathy: A, Mild NPDR; B, Moderate NPDR; C, Severe NPDR; D, Very severe NPDR; E, Early PDR; F, High risk PDR; G, Exudative diabetic maculopathy.
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 associated with non-proliferative diabetic retinopathy (NPDR) or proliferative diabetic retinopathy (PDR). The diabetic macular edema occurs due to increased permeability of the retinal capillaries. It is termed as clinically significant macular edema (CSME) if one of the following three criteria are present on slit-lamp examination with 90D lens:  Thickening of the retina at or within 500 micron of the centre of the fovea.  Hard exudate at or within 500 micron of the centre of fovea associated with adjacent retinal thickening.  Development of a zone of retinal thickening one disc diameter or larger in size, at least a part of which is within one disc diameter of the foveal centre. Clinico-angiographically diabetic maculopathy can be classified into four types: 1. Focal exudative maculopathy (Fig. 11.14G). It is characterised by microaneurysms, haemorrhages, macular oedema and hard exudates which are usually arranged in a circinate pattern. Fluorescein angiography reveals focal leakage with adequate macular perfusion. 2. Diffuse exudative maculopathy. It is characterised by diffuse retinal oedema and thickening throughout the posterior pole, with relatively few hard exudates. Fluorescein angiography reveals diffuse leakage at the posterior pole. 3. Ischaemic maculopathy. It occurs due to microvascular blockage. Clinically it is characterised by marked visual loss with microaneurysms, haemorrhages, mild or no macular oedema and a few hard exudates. Fluorescein angiography shows areas of non-perfusion which in early cases are in the form of enlargement of foveal avascular zone (FAZ), later on areas of capillary dropouts are seen and in advanced cases precapillary arterioles are blocked. 4. Mixed maculopathy. In it combined features of ischaemic and exudative maculopathy are present. IV. Advanced diabetic eye disease
 
 It is the end result of uncontrolled proliferative diabetic retinopathy. It is marked by complications such as:  Persistent vitreous haemorrhage,  Tractional retinal detachment and  Neovascular glaucoma.
 
 Investigations   
 
 Urine examination, Blood sugar estimation. Fundus fluorescein angiography should be carried out to elucidate areas of neovascularisation, leakage and capillary nonperfusion.
 
 Management
 
 I. Screening for diabetic retinopathy. To prevent visual loss occurring from diabetic retinopathy a periodic follow-up is very important for a timely intervention. The recommendations for periodic fundus examination are as follows:  Every year, till there is no diabetic retinopathy or there is mild NPDR.  Every 6 months, in moderate NPDR.  Every 3 months, in severe NPDR.  Every 2 months, in PDR with no high risk characteristic. II. Medical treatment. Besides laser and surgery to the eyes (as indicated and described below), the medical treatment also plays an essential role. Medical treatment for diabetic retinopathy can be discussed as: 1. Control of systemic risk factors is known to influence the occurrence, progression and effect of laser treatment on DR. The systemic risk factors which need attention are.  Strict metabolic control of blood sugar,  Lipid reduction,  Control of associated anaemia, and  Control of associated hypoproteinemia 2. Role of pharmacological modulation. Pharmacological inhibition of certain biochemical pathways involved in the pathogenesis of retinal changes in diabetes is being evaluated These include:  Protein kinase C (PKC) inhbitors,  Vascular endothelial growth factors (VEGF) inhibitors,  Aldose reductase and ACE inhibitors, and  Antioxidants such as vitamin E 3. Role of intravitreal steroids in reducing diabetic macular oedema is also being stressed recently by following modes of administration:  Flucinolone acetonide intravitreal implant and  Intravitreal injection of triamcinolone (2 to 4 mg)
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 III. Photocoagulation. It remains the mainstay in the treatment of diabetic retinopathy and maculopathy. Either argon or diode laser can be used. The protocol of laser application is different for macula and rest of the retina as follows (Fig. 11.15): i. Macular photocoagulation. Macula is treated by laser only if there is clinically significant macular oedema (CSME). Laser treatment is contraindicated in ischaemic diabetic maculopathy. In patients with PDR associated with CSME, macular photo-coagulation should be considered first i.e., before PRP since the latter may worsen macular oedema. Macular photocoagulation includes two techniques:  Focal treatment (Fig. 11.15A) with argon laser is carried out for all lesions (microaneurysms, IRMA or short capillary segments) 500-3000 microns from the centre of the macula, believed to be leaking and causing CSME. Spot size of 100-200 µm of 0.1 second duration is used.  Grid treatment. Grid pattern laser burns are applied in the macular area for diffuse diabetic macular oedema (Fig. 11.15B). ii. Panretinal photocoagulation (PRP) or scatter laser consists of 1200-1600 spots, each 500 µm in size and 0.1 sec. duration. Laser burns are applied 2-3 disc areas from the centre of the macula extending peripherally to the equator (Fig. 11.15C). In PRP temporal quadrant of retina is first coagulated. PRP produces destruction of ischaemic retina which is responsible for the production of vasoformative factors. Indications for PRP are:  PDR with HRCs,  Neovascularization of iris (NVI),  Severe NPDR associated with: – Poor compliance for follow up, – Before cataract surgery/YAG capsulotomy, – Renal failure, – One-eyed patient, and – Pregnancy IV. Surgical treatment. It is required in advanced cases of PDR. Pars plana vitrectomy is indicated for dense persistent vitreous haemorrhage, tractional retinal detachment, and epiretinal membranes. Associated retinal detachment also needs surgical repair.
 
 Fig. 11.15. Protocols of Laser application in diabetic retinopathy : A, Focal treatment; B, Grid treatment and; C, Panretinal photocoagulation.
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 SICKLE-CELL RETINOPATHY
 
 Retinal changes in patients suffering from sickle cell haemoglobinopathies (abnormal haemoglobins) are primarily caused by retinal hypoxia; which results from blockage of small blood vessels by the abnormalshaped rigid red blood cells. Clinical features
 
 Sickle-cell retinopathy can be divided into five selfexplanatory stages as follows: 1. Stage of peripheral arteriolar occlusion. 2. Stage of peripheral arteriovenous anastomoses. 3. Stage of neovascularisation. 4. Stage of vitreous haemorrhage. 5. Stage of vitreoretinal traction bands and tractional retinal detachment. Treatment 
 
 
 
 Panretinal photocoagulation (PRP) is effective in regressing the neovascularisation. Pars plana vitrectomy is required for vitreoretinal tractional bands. It should be followed by repair of the retinal detachment, when present.
 
 RETINOPATHIES OF BLOOD DYSCRASIAS
 
 These are seen in patients suffering from anaemias, leukaemias and polycythemias. Anaemic retinopathy
 
 In anaemia, retinal changes are liable to occur when haemoglobin level falls by 50 percent and are consistently present when it is below 35 percent (5 gm%). Anaemic retinopathy is characterised by pale arterioles and a pale general background of the fundus. Retinal veins are dilated. Superficial retinal and preretinal (subhyaloid) haemorrhages may be seen in posterior half of the fundus. A few haemorrhages have white centres (Roth spots). Rarely, a few soft exudates (cotton-wool patches) may also be present. Leukaemic retinopathy
 
 It is characterised by pale and orange fundus background with dilated and tortuous veins. In later stages, greyish white lines may be seen along the course of the veins (due to perivascular leukaemic infiltration). Arterioles become pale and narrow. Retinal haemorrhages with typical white centre (Roth spots)
 
 are very common. Occasionally large pre-retinal (subhyaloid) haemorrhages may also be seen. RETINOPATHY OF PREMATURITY
 
 Retinopathy of prematurity (ROP) is a bilateral proliferative retinopathy, occurring in premature infants with low birth weight who often have been exposed to high concentration of oxygen. Earlier this disease was known as retrolental fibroplasia. Etiopathogenesis
 
 Low birth weight and decreased gestational age are now considered the primary causative factors. Supplemental oxygen administration which was for a long time considered as the important causative factor is now considered only a risk factor. Based on the above facts, two important hypothesis are postulated to describe pathogenesis of disease: 1. Classical theory postulates that owing to exposure to high concentration of oxygen, there occurs obliteration of premature retinal vessels. This is followed by neovascularisation and fibrous tissue proliferatiion which ultimately forms a retrolental mass. 2. Spindle cell theory proposed recently postulates the induction of retinal and vitreal neovascularization by spindle cell insult in a premature retina. Clinical features
 
 The condition has been divided into active ROP and cicatricial ROP. Clinically the evolution of the active ROP has been divided into five stages (Fig. 11.16):  Stage 1. It is characterised by formation of a demarcation line seen at the edge of vessels, dividing the vascular from the avascular retina.  Stage 2. The line structure of stage 1 acquires a volume to form a ridge with height and width.  Stage 3. It is characterised by a ridge with extraretinal fibrovascular proliferation into the vitreous. This stage is further subdivided into mild, moderate and severe, depending on the amount of fibrovascular proliferation.  Stage 4a. It includes subtotal retinal detachment not involving the macula. It occurs as a result of exudation from incompetent blood vessels or traction from the fibrous (cicatricial) tissue.  Stage 4b. It includes subtotal retinal detachment involving the macula.
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 Stage 5. It is marked by total retinal detachment which is always funnel-shaped.
 
 Retinal area (zones) of involvement in ROP The retina is divided into 3 zones. The centre of the retinal map for ROP is the optic disc not the macula as in other retinal charts (Fig. 11.17).  Zone I. A circle drawn on the posterior pole, with the optic disc as the centre and twice the discmacula distance as the radius, constitutes zone I. Any ROP in this zone is usually very severe because of a large peripheral area of avascular retina.  Zone II. A circle is drawn with the optic disc as the centre and disc to nasal ora serrata as the radius. The area between zone I and this boundary constitutes zone II.  Zone III. The temporal arc of retina left beyond the radius of zone II is zone III.
 
 A
 
 Extent of involvement is denoted by the clock hours of retinal involvement in the particular zone (Fig. 11.17). Plus disease refers to presence of tortuous dilated vessels at posterior pole with any stage of ROP. Associated with it is the engorgment and dilatation of iris vessels, which result in poor pharmacological dilatation of pupil. Plus diseases signifies a tendency to progression. Prethreshold disease is defined as ROP in:  Zone I, any stage, or  Zone II, stage 2 with plus component, or  Zone II or III, stage 3 with plus component but not reaching threshold clock hours. Note: Pretheshold ROP needs very close observation as it can rapidly progress to threshold, which needs prompt treatment.
 
 B
 
 D
 
 C
 
 E
 
 Fig. 11.16. Stages of retinopathy of prematurity (ROP) : A, stage 1. demarcation line; B, Stage 2-demarcation ridge; C, Stage 3 - Extraretinal neovascularization and proliferation; D, Stage 4 - Subtotal retinal detachment involving macula; E, Stage 5 - Total retinal detachment.
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 Fig. 11.17. Division of retina into zones (I,II,III) and clock hour positions to depict involvement in retinopathy of prematurity.
 
 temporal ora-serrate. Infants with mature retina does not require further follow-up. II. Immature retina is labelled when the vessels are short of one disc diameter of the nasal or temporal ora but ROP is not developed yet. Such infants require further follow-up weekly. III. Retinopathy of prematurity When ROP is detected following measures should be taken:  Stage 1 and 2. Since spontaneous regression of disease occurs in 80 to 90% of cases, so only a weekly examination is recommended.  Stage 3, threshold disease should be treated by cryo or laser to prevent progression and to achieve regression.  Stage 4a. Scleral buckling is recommended in addition to cryo or laser therapy.  Stage 4b and 5. Vitrectomy needs to be carried out in this stage. Prognosis is poor in stage 4b and 5. EXUDATIVE RETINOPATHY OF COATS
 
 Threshold disease refers to stage 3 plus disease involving 5 continuous or 8 discontinuous clock hours. This stage needs laser or cryotherapy in less than 72 hours. Differential diagnosis
 
 Advanced retrolental fibroplasia needs to be differentiated from other causes of leukocoria (see page 282). Screening and management
 
 Treatment of well-established disease is unsatisfactory. Prophylaxis is thus very important. To prevent ROP, the premature newborns should not be placed in incubator with an O2 concentration of more than 30 percent and efforts should be made to avoid infection and attacks of apnoea. Further, a regular screening is very important. All premature babies born at less than or equal to 32 weeks of gestational age and those weighing 1500g or less should be screened for ROP. The first examination by indirect ophthalmosocpy should be done between 6 and 7 weeks post-natal age or 34 weeks post-conceptual age (whichever is earlier). The further line of action will depend upon the overall status of the eye as below: I. Mature retina is labelled when the vessels have reached within one disc diameter of both nasal and
 
 Coats’ disease is a severe form of retinal telengiectasia (idiopathic congenital vascular malformation), which typically affects one eye of boys in their first decade of life. In early stages it is characterised by large areas of intra and subretinal yellowish exudates and haemorrhages associated with overlying dilated and tortuous retinal blood vessels and a number of small aneurysms near the posterior pole and around the disc. It may present with visual loss, strabismus or leukocoria (whitish pupillary reflex) and thus needs to be differentiated from retinoblastoma. The condition usually progresses to produce exudative retinal detachment and a retrolental mass. In late stages complicated cataract, uveitis and secondary glaucoma occur, which eventually end in phthisis bulbi. Treatment
 
 Photocoagulation or cryotherapy may check progression of the disease if applied in the early stage. However, once the retina is detached the treatment becomes increasingly difficult and success rate declines to 33 percent. OCULAR ISCHAEMIC SYNDROME Etiology. Ocular ischaemic syndrome refers to a rare
 
 condition resulting from chronic ocular hypoperfusion secondary to carotid artery stenosis.
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 Carotid stenosis refers to atherosclerotic occlusive carotid artery disease often associated with ulceration at the bifurcation of common carotid artery. Risk factors include male gender, old age (60-90 years), smoking, for carotid stances hypertension, diabetes mellitus and hyperlipidaemia. The manifestations of carotid occlusive disease include:  Amaurosis fugax (transient retinal ischaemic attack),  Retinal artery occlusion (due to embolus),  Transient cerebral ischaemic attacks (TIA),  Stroke, and  Asymetrical diabetic retinopathy. Clinical features. Ocular ischaemic syndrome is usually unilateral (80%), affecting elderly males more commonly than females. Symptoms include:  Loss of vision, which usually progresses gradually over several weeks or months.  Transient black outs (amaurosis fugax) may be noted by some patients.  Pain-ocular or periorbital— may be complained by some patients.  Delayed dark adaptation may be noted by a few patients. Signs include:  Cornea may show oedema and striae.  Anterior chamber my reveal faint aqueous flare with few, if any, cell (ischaemic pseudoiritis).  Pupil may be mid dilated and poorly reacting.  Iris shows rubeosis iridis (in 66% cases) and atrophic patches.
 
 Cataract may occur as a complication in advanced cases.  Neovascular glaucoma is a frequent sequelae to anterior segment neovascularization.  Fundus examination may reveal: - Venous dilatation with irregular caliber but no or only mild tortuosity. - Retinal arterial narrowing is present. - Retina show midperipheral dot and blot haemorrhages, microaneurysms and cotton wool spots. - Retinal neovascularization is noted in 37% cases, which may be in the form of NVD and occasionally NVE. - Macular oedema is a common complication. Differential diagnosis. Ocular ischaemic syndrome needs to be differentiated from non-ischaemic CRVO, diabetic retinopathy and hypertensive retinopathy (Table 11.1). Other rare conditions to be excluded include hyperlipidaemic ophthalmopathy and aortic arch disease caused by Takayasu arteritis, aortoarteritis, atherosclerosis and syphilis. Investigations. In suspected cases the carotid stenosis can be confirmed by Doppler ultrasound and magnetic resonance angiography. Treatment of ocular ischaemic syndrome includes:  Treatment of neovascular glaucoma (see page 234).  Treatment of proliferative retinopathy by PRP (see page 263).  Pseudoiritis is treated with topical steroid eye drops.  Treatment of carotid stenosis is medical (antiplatelet therapy, oral anticoagulants) and surgical (carotid endarterectomy). 
 
 Table 11.1. Differential diagnosis of ocular ischaemic syndrome Condition
 
 Similarities
 
 Differences
 
 1. Non-ischaemic CRVO
 
 Unilateral retinal haemorrhages, venous dilatation and cotton wool spots
 
 Veins are more tortuous, haemorrhages are more numerous, normal retinal arteriolar perfusion, disc oedema, and sometimes opticociliary shunt vessels can be seen on the disc
 
 2. Diabetic retinopathy
 
 Microaneurysms, dot and blot haemorrhages, venous dilatation, NVD and NVE, cotton wool spots
 
 Usually bilateral, with characteristic hard exudates
 
 3. Hypertensive retinopathy
 
 Arteriolar narrowing and focal constriction, retinal haemorrhages and cotton wool spots
 
 Usually bilateral, no marked venous changes, and NVD and NVE.
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 DYSTROPHIES AND DEGENERATIONS OF RETINA A wide variety of dystrophies and degenerations of the retina have been described and variously classified. These lesions are beyond the scope of this chapter, only a common retinal dystrophy (retinitis pigmentosa), a few peripheral retinal degenerations some of the vitreoretinal degenerations are described here. RETINITIS PIGMENTOSA
 
 This primary pigmentary retinal dystrophy is a hereditary disorder predominantly affecting the rods more than the cones.
 
 2. Retinal arterioles are attenuated (narrowed) and may become thread-like in late stages. 3. Optic disc becomes pale and waxy in later stages and ultimately consecutive optic atrophy occurs (Fig. 11.19). 4. Other associated changes which may be seen are colloid bodies, choroidal sclerosis, cystoid macular oedema, atrophic or cellophane maculopathy. (C) Visual field changes (Fig. 11.20) Annular or ring-shaped scotoma is a typical feature which corresponds to the degenerated equatorial zone of retina. As the disease progresses, scotoma increases anteriorly and posteriorly and ultimately
 
 Inheritance
 
 Most common mode is autosomal recessive, followed by autosomal dominant. X-linked recessive is the least common. Incidence 
 
 
 
  
 
 
 
 It occurs in 5 persons per 1000 of the world population. Age. It appears in the childhood and progresses slowly, often resulting in blindness in advanced middle age. Race. No race is known to be exempt or prone to it. Sex. Males are more commonly affected than females in a ratio of 3:2. Laterality. Disease is almost invariably bilateral and both the eyes are equally affected.
 
 Fig. 11.18. Fundus picture of retinitis pigmentosa.
 
 Clinical features
 
 (A) Visual symptoms 1. Night blindness. It is the characteristic feature and may present several years before the visible changes in the retina appear. It occurs due to degeneration of the rods. 2. Dark adaptation. Light threshold of the peripheral retina is increased; though the process of dark adaptation itself is not affected until very late. 3. Tubular vision occurs in advanced cases. (B) Fundus changes (Fig. 11.18) 1. Retinal pigmentary changes. These are typically perivascular and resemble bone corpuscles in shape. Initially, these changes are found in the equatorial region only and later spread both anteriorly and posteriorly.
 
 Fig. 11.19. Consecutive optic atrophy in retinitis pigmentosa.
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 4. Usher’s syndrome. It includes retinitis pigmentosa and labyrinthine deafness. 5. Hallgren’s syndrome. It comprises retinitis pigmentosa, vestibulo-cerebellar ataxia, congenital deafness and mental deficiency. Atypical forms of retinitis pigmentosa
 
 Fig. 11.20. Field changes in retinitis pigmentosa.
 
 only central vision is left (tubular vision). Eventually even this is also lost and the patient becomes blind. (D) Electrophysiological changes Typical electrophysiological changes appear early in the disease before the subjective symptoms or the objective signs (fundus changes) appear. 1. Electro-retinogram (ERG) is subnormal or abolished. 2. Electro-oculogram (EOG) shows absence of light peak. Associations of retinitis pigmentosa
 
 I. Ocular associations. These include myopia, primary open angle glaucoma, microphthalmos, conical cornea and posterior subcapsular cataract. II. Systemic associations. These are in the form of following syndromes: 1. Laurence-Moon-Biedl syndrome. It is characterised by retinitis pigmentosa, obesity, hypogenitalism, polydactyly and mental deficiency. 2. Cockayne’s syndrome. It comprises retinitis pigmentosa, progressive infantile deafness, dwarfism, mental retardation, nystagmus and ataxia. 3. Refsum’s syndrome. It is characterised by retinitis pigmentosa, peripheral neuropathy and cerebellar ataxia.
 
 1. Retinitis pigmentosa sine pigmento. It is characterised by all the clinical features of typical retinitis pigmentosa, except that there are no visible pigmentary changes in the fundus. 2. Sectorial retinitis pigmentosa. It is characterised by involvement of only one sector of the retina. 3. Pericentric retinitis pigmentosa. In this condition all the clinical features are similar to typical retinitis pigmentosa except that pigmentary changes are confined to an area, immediately around the macula. 4. Retinitis punctata albescens. It is characterised by the presence of innumerable discrete white dots scattered over the fundus without pigmentary changes. Other features are narrowing of arterioles, night blindness and constriction of visual fields. Treatment
 
 It is most unsatisfactory; rather we can say that till date there is no effective treatment for the disease. 1. Measures to stop progression, which have been tried from time to time, without any breakthrough include: vasodilators, placental extracts, transplantation of rectus muscles into suprachoroidal space, light exclusion therapy, ultrasonic therapy and acupuncture therapy. Recently vitamin A and E have been recommended to check its progression. 2. Low vision aids (LVA) in the form of ‘magnifying glasses’ and ‘night vision device’ may be of some help. 3. Rehabilitation of the patient should be carried out as per his socio-economic background. 4. Prophylaxis. Genetic counselling for no consanguinous marriages may help to reduce the incidence of disease. Further, affected individuals should be advised not to produce children. PERIPHERAL RETINAL DEGENERATIONS 1. Lattice degeneration. It is the most important degeneration associated with retinal detachment. Its incidence is 6 to 10% in general population and 15 to
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 20% in myopic patients. It is characterised by white arborizing lines arranged in a lattice pattern along with areas of retinal thinning and abnormal pigmentation (Fig. 11.21A). Small round retinal holes are frequently present in it. The typical lesion is spindle-shaped, located between the ora serrata and the equator with its long axis being circumferentially oriented. It more frequently involves the temporal than the nasal, and superior than the inferior halves of the fundus. 2. Snail tract degeneration. It is a variant of lattice degeneration in which white lines are replaced by snow-flake areas which give the retina a white frostlike appearance (Fig. 11.21B). 3. Acquired retinoschisis. The term retinoschisis refers to splitting of the sensory retina into two layers at the level of the inner nuclear and outer plexiform layers. It occurs in two forms — the congenital and acquired. The latter, also called as senile retinoschisis, may rarely act as predisposing factor for primary retinal detachment. Acquired retinoschisis is characterised by thin, transparent, immobile, shallow elevation of the inner retinal layers which typically produces absolute field defects—the fact which helps in differentiating it from the shallow retinal detachment which produces a relative scotoma. The condition is frequently bilateral and usually involves the lower temporal quadrants, anterior to the equator.
 
 4. White-with-pressure and white-without pressure. These are not uncommonly associated with retinal detachment. ‘White-with-pressure’ lesions are characterised by greyish translucent appearance of retina seen on scleral indentation. ‘White-withoutpressure’ lesions are located in the peripheral retina and may be associated with lattice degeneration. 5. Focal pigment clumps. These are small, localised areas of irregular pigmentation, usually seen in the equatorial region. These may be associated with posterior vitreous detachment and/or retinal tear. 6. Diffuse chorioretinal degeneration. It is characterised by diffuse areas of retinal thinning and depigmentation of underlying choroid. It commonly involves equatorial region of highly myopic eyes. 7. Peripheral cystoid retinal degeneration. It is a common degeneration seen in the eyes of old people. It may predispose to retinal detachment in some very old people. VITREORETINAL DEGENERATIONS
 
 Vitreoretinal degenerations or vitreoretinopathies include:  Wagner’s syndrome,  Stickler syndrome,  Favre-Goldmann syndrome,  Familial exudative vitreoretinopathy,  Erosive vitreoretinopathy,  Dominant neovascular inflammatory vitreoretinopathy  Dominant vitreoretinochoroidopathy. Note : Characterstic features of some conditions are mentioned here. Wagner’s syndrome
 
 Wagner’s syndrome has an autosomal dominant (AD) inheretance with following features:  Vitreous is liquified with condensed membranes.  Retina shows narrow and sheathed vessels, and pigmented spots in the periphery.  Choroid may be atrophied.  Cataract may develop as late complication. Stickler syndrome Fig. 11.21. Peripheral retinal degernerations : A, Lattice degeneration, B,Snail track degeneration : C, Acquired retinoschisis ; D, white-with-pressure; E, Focal pigment clumps; F, Diffuse chorioretinal degeneration; and G, Peripheral cystoid degeneration.
 
 Stickler syndrome, also known as hereditary arthroophthalmopathy, is an autosomal dominant connective tissue disorder characterized by following features:
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 Ocular features  Vitreous is liquified and shows syneresis giving appearance of an optically-empty vitreous cavity.  Progressive myopia is very common  Radial lattice like degeneration associated with pigmentary changes and vascular sheathing.  Bilateral retinal detachment may occur in 30% cases (commonest inherited cause of retinal detachment in children)  Ectopia lentis is occasionally associated.  Pre-senile cataract occurs in 50% cases. Orofacial abnormalities include flattered nasal bridge, maxillary hypoplasia, cleft palate and high arched palate. Arthropathy is characterized by stiff, painful, prominent and hyperextensible large joints. Other features include deafness and mitral valve prolapse.
 
 C. Acquired maculopathies include: 1. Traumatic lesions. These include macular oedema, traumatic macular degeneration, macular haemorrhage and macular hole (see page 406). 2. Inflammations. These are: central chorioretinitis (see page 149) and photoretinitis (sunburn). 3. Degenerations. Important conditions are age related macular degeneration (ARMD), and myopic degeneration. 4. Metabolic disorders. These include: diabetic maculopathy and sphingolipidosis. 5. Toxic maculopathies. These are chloroquine and phenothiazine-induced maculopathy. 6. Miscellaneous acquired maculopathies. A few common conditions are: central serous retinopathy (CSR), cystoid macular oedema (CME), macular hole, and macular pucker. Only a few important macular lesions are described here.
 
 Favre-Goldmann syndrome
 
 It is an autosomal recessive condition presenting in childhood with nyctalopia. Characterstic features are:  Vitreous shows syneresis but the cavity is not optically empty.  Retinoschisis, both central (affecting macula) and peripheral, is present, although macular findings are more subtle.  Pigmentary changes similar to retinitis pigmentosa are marked  ERG is subnormal.
 
 MACULAR DISORDERS Macula, being concerned with vision, has attracted the attention of many retina specialists. Consequently, many disorders have been defined and variously classified. A simple, etiological classification for a broad overview of the macular lesions is as follows: A. Congenital anomalies. These include aplasia, hypoplasia and coloboma. B. Hereditary dystrophies. These include Best’s disease, Stargardt’s disease, butterfly-shaped dystrophy, bull’s eye dystrophy and central areolar dystrophy.
 
 PHOTORETINITIS Photoretinitis, also known as solar retinopathy or eclipse retinopathy, refers to retinal injury induced by direct or indirect sun viewing. Solar retinopathy is associated with religious sun gazing, solar eclipse observing, telescopic solar viewing, sun bathing and sun watching in psychiatric disorders. Causes of photic retinopathy, other than solar retinopathy, are:  Welding arc exposure,  Lightening retinopathy and  Retinal phototoxicity from ophthalmic instruments like operating microscope. Pathogenesis
 
 Solar radiations damage the retina through:  Photochemical effects produced by UV and visible blue light, and  Thermal effects may enhance the photochemical effects. The long visible wave length and infrared rays from the sun are absorbed by the pigment epithelium producing a thermal effect. Therefore, severity of lesion varies directly with the degree of pigmentation of the fundus, duration of exposure and the climatic conditions during exposure.
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 Clinical features
 
 Symptoms. These include persistence of negative after-image of the sun, progressing later into a positive scotoma and metamorphopsia. Unilateral or bilateral deceased vision (6/12–6/60) which develops within 1 to 4 hours after solar exposure, usually improves to 6/6 –6/12 within six months. Signs. Initially the fundus may appear normal. Shortly after exposure a small yellow spot with gray margin may be noted in the foveolar and parafoveolar region. The typical lesion, which appears later, consists of a central burnt-out hole in the pigment epithelium surrounded by aggregation of mottled pigment. Ophthalmoscopically, it appears as a bean-or kidneyshaped pigmented spot with yellowish white centre in the foveal region. In worst cases, typical macular hole may appear. Treatment
 
 There is no effective treatment for photoretinitis, so emphasis should be on prevention. Eclipse viewing should be discouragde unless there is proper use of protective eye wear filters (which absorb UV and infrared wave lengths). Prognosis is guarded, since some scotoma and loss in visual acuity by one or two lines mostly persists.
 
 patients with CSR. Factors reported to induce or aggravate CSR include: emotional stress, hypertension, and administration of systemic steroids. Clinical features
 
 Symptoms. Patient presents with a sudden onset of painless loss of vision (6/9-6/24) associated with relative positive scotoma, micropsia and metamorphopsia. Ophthalmoscopic examination reveals, mild elevation of macular area, demarcated by a circular ring-reflex. Foveal reflex is absent or distorted (Fig. 11.22).
 
 CSR is usually self-limiting but often recurrent. Resolution may take three weeks to one year and often leaves behind small areas of atrophy and pigmentary disturbances. Fundus fluorescein angiography helps in confirming the diagnosis. Two patterns are seen:  Ink-blot pattern. It consists of small hyperfluorescent spot which gradually increases in size (Fig. 11.23A).  Smoke-stack pattern. It consists of a small hyperfluorescent spot which ascends vertically like a smoke-stack and gradually spreads laterally to take a mushroom or umbrella configuration (Fig. 11.23B).
 
 CENTRAL SEROUS RETINOPATHY (CSR) Central serous retinopathy (CSR) is characterised by spontaneous serous detachment of neurosensory retina in the macular region, with or without retinal pigment epithelium detachment. Presently it is termed as idiopathic central serous choroidopathy (ICSC). Etispathogenesis
 
 It is not known exactly. The condition typically affects males between 20 and 40 years of age. It is now believed that an increase in choroidal hyperpermeability causes a breach in the outer blood retinal barrier (a small opening or blow out of RPE). Leakage of fluid across this area results in development of localized serous detachment of neurosensory retina. What triggers the choroidal hyperpermeability is poorly understood. It is being suggested that an imbalance between the sympathetic parasympathetic drive that maintains autoregulation within the choroidal vasculature may be defective in
 
 Fig. 11.22. Fundus photograph showing central serous retinopathy.
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 Fig. 11.23. Fundus fluorescein angiogram showing ink-blot pattern (A) and smoke-stack pattern (B) of hyperfluorescence in central serous retinopathy.
 
 Treatment
 
 1. Reassurance is the only treatment required in majority of the cases, since CSR undergoes spontaneous resolution in 80 to 90 percent cases. Visual acuity returns to normal or near normal within 4 to 12 weeks. 2. Laser photocoagulation is indicated in following cases:  Long-standing cases (more than 4 months) with marked loss of vision.  Patients having recurrent CSR with visual loss.  Patients having permanent loss of vision in the other eye due to this condition. CYSTOID MACULAR EDEMA (CME) It refers to collection of fluid in the outer plexiform (Henle’s layer) and inner nuclear layer of the retina, centred around the foveola. Etiology
 
 It is associated with a number of disorders. A few common causes are as follows: 1. As postoperative complication following cataract extraction and penetrating keratoplasty. 2. Retinal vascular disorders e.g., diabetic retinopathy and central retinal vein occlusion. 3. Intraocular inflammations e.g., pars planitis, posterior uveitis, Behcet disease.
 
 4. As a side-effect of drugs e.g., following use of adrenaline eyedrops, especially for aphakic glaucoma. 5. Retinal dystrophies e.g., retinitis pigmentosa. Pathogenesis
 
 CME develops due to leakage of fluid following breakdown of inner blood-retinal barrier (i.e., leakage from the retinal capillaries). Clinical features
 
 1. Visual loss. Initially there is minimal to moderate loss of vision, unassociated with other symptoms. If oedema persists, there may occur permanent decrease in vision. 2. Ophthalmoscopy in clinically established cases reveals a typical ‘Honey-comb appearance’ of macula (due to multiple cystoid oval spaces) (Fig. 11.24). CME is best examined with a fundus contact lens on slit-lamp or +90D lens. 3. Fundus fluorescein angiography demonstrates leakage and accumulation of dye in the macular region which in a well-established case presents a ‘flower petal appearance’ (Fig. 11.25). Complications
 
 Long-standing CME may end in lamellar macular hole. Treatment 1. Treatment of the causative factor, e.g., photocoagulation for diabetic CSME; cessation of causative topical 2% adrenaline eye drops, so on.
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 in population above the age of 65 years. It is of two types non-exudative and exudative. Etiopathogenesis
 
 ARMD is an age-related disease of worldwide prevalence. Certain risk factors which may affect the age of onset and/or progression include heredity, nutrition, smoking, hypertension and exposure to sun light. The disease is most prevalent in caucasians. Clinical types Fig. 11.24. Fundus photograph showing honey-comb appearance in cystoid macular edema (CME).
 
 Fig. 11.25. Fundus fluorescein angiogram showing flower petal appearance in a patient with cystoid macular edema.
 
 2. Topical antiprostaglandin drops like indomethacin or flurbiprofen, used pre and postoperatively, prevent the occurrence of CME associated with intraocular surgery. 3. Topical and systemic steroids may be of some use in established cases. 4. Systemic carbonic anhydrase inhibitors (CAIs) e.g., oral acetazolamide may be beneficial is some cases of CME. AGE-RELATED MACULAR DEGENERATION
 
 Age-related macular degeneration (ARMD), also called senile macular degeneration, is a bilateral disease of persons of 59 years of age or older. It is a leading cause of blindness in developed countries,
 
 1. Non-exudative or atrophic ARMD. It is also called dry or geographic ARMD and is responsible for 90 percent cases. It typically causes mild to moderate, gradual loss of vision. Patients may complain of distorted vision, difficulty in reading due to central shadowing. Ophthalmoscopically (Fig. 11.26A), it is characterised by occurrence of drusens (colloid bodies), pale areas of retinal pigment epithelium atrophy and irregular or clustered pigmentation. Drusens appear as small discrete, yellowish-white, slightly elevated spots. In later stages, there occurs enlargement of the atrophic areas within which the larger choroidal vessels may become visible (geographic atrophy). 2. Exudative ARMD. It is also called wet or neovascular ARMD. It is responsible for only 10 percent cases of ARMD but is associated with comparatively rapidly progressive marked loss of vision. Typically, the course of exudative ARMD rapidly passes through many stages. These include:  Stage of drusen formation,  Stage of retinal pigment epithelium (RPE) detachment,  Stage of choroidal neovascularisation (CNV) (Fig. 11.26B),  Stage of haemorrhagic detachment of RPE,  Stage of haemorrhagic detachment of neurosensory retina, and  Stage of disciform (scarring) macular degeneration. Early versus late ARMD
 
 Eary ARMD includes drusens, and areas of RPE hyperpigmentation and/or depigmentation. Late ARMD includes geographic atrophy of RPE with visible underlying choroidal vessels, pigment epithelium detachment (PED) with or without neurosensory retinal detachment, subretinal or subRPE neovascularization, haemorrhage and disciform scars.
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 A
 
 B Fig. 11.26. Age-related macular degeneration: A, nonexudative; B, exudative.
 
 Diagnosis
 
 Clinical diagnosis is made from the typical signs described above, which are best elucidated on examination of the macula by slit-lamp biomicroscopy with a +90D/+78D non-contact lens or Mainster contact lens. Fundus fluorescein angiography and indocyanine green angiography help in detecting choroidal neovascularization (CNV) in relation to foveal avascular zone. Which may be subfoveal, juxta foveal or extrafoveal CNV may be classical or occult. Treatment
 
 There is no effective treatment for non-exudative ARMD. However, some treatment options are available for exudative ARMD.
 
 Role of dietary supplements and antioxidants in prevention or treatment of ARMD. The age-related eye disease study (AREDS) has suggested that use of certain specific antioxidants, vitamins and minerals (vitamin C and E, beta carotene, zinc and copper) could possibly prevent or delay the progression of ARMD. Treatment modalities available to treat exudative (neovascular) ARMD are:  Argon green-laser photocoagulation is the treatment of choice for extrafoveal choroidal neovascular membrane (CNVM).  Photodynamic therapy (PDT) is the treatment of choice for subfoveal and juxtafoveal classic CNVM. In PDT, vertiporfin, a photosensitizer or light activated dye is injected intravenously. The area of CNVM is then exposed to light from a diode laser source at a wavelength (689 nm) that corresponds to absorption peak of the dye. The light-activated dye then causes disruption of cellular structures and occlusion of CNVM with minimum damage to adjacent RPE, photoreceptors and capillaries.  Transpupillary thermotherapy (TTT) with a diode laser (810 nm) may be considered for subfoveal occult CNVM. PDT is definitely better than TTT but is very costly.  Surgical treatment in the form of submacular surgery to remove CNVM and macular translocation surgery are being evaluated.  Pharmacologic modulation with antiangiogenic agent like interferon alfa-29, and inhibitor of vascular endothelial growth factor (VEGF) is under experimental trial.
 
 RETINAL DETACHMENT It is the separation of neurosensory retina proper from the pigment epithelium. Normally these two layers are loosely attached to each other with a potential space in between. Hence, actually speaking the term retinal detachment is a misnomer and it should be retinal separation. Classification
 
 Clinico-etiologically retinal detachment can be classified into three types: 1. Rhegmatogenous or primary retinal detachment. 2. Tractional retinal detachment Secondary retinal 3. Exudative retinal detachment detachment
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 RHEGMATOGENOUS OR PRIMARY RETINAL DETACHMENT
 
 It is usually associated with a retinal break (hole or tear) through which subretinal fluid (SRF) seeps and separates the sensory retina from the pigmentary epithelium. Etiology
 
 It is still not clear exactly. The predisposing factors and the proposed pathogenesis is as follows: A. Predisposing factors include: 1. Age. The condition is most common in 40-60 years. However, age is no bar. 2. Sex. More common in males (M:F—3:2). 3. Myopia. About 40 percent cases of rhegmatogenous retinal detachment are myopic. 4. Aphakia. The condition is more common in aphakes than phakes. 5. Retinal degenerations predisposed to retinal detachment are as follows:  Lattice degeneration  Snail track degeneration.  White-with-pressure and white-without-or occult pressure.  Acquired retinoschisis.  Focal pigment clumps. 6. Trauma. It may also act as a predisposing factor. 7. Senile posterior vitreous detachment (PVD). It is associated with retinal detachment in many cases. B. Pathogenesis Pathogenesis of rhegmatogenous retinal detachment (RRD) is summarized in Figure 11.27. The retinal breaks responsible for RRD are caused by the interplay between the dynamic vitreoretinal traction and predisposing degeneration in the peripheral retina. Dynamic vitreoretinal traction is induced by rapid eye movements especially in the presence of PVD, vitreous synersis, aphakia and myopia. Once the retinal break is formed, the liquified vitreous may seep through it separating the sensory retina from the pigment epithelium. As the subretinal fluid (SRF) accumulates, it tends to gravitate downwards. The final shape and position of RD is determined by location of retinal break, and the anatomical limits of optic disc and ora serrata.
 
 Senile acute Predisposing Aphakia posterior retinal (Endodonesis) vitreous degenerations detachment (acute PVD) ↓ Retinal break ← Trauma ↓ The degenerated fluid vitreous seeps through the retinal break and collects as subretinal fluid (SRF) between the sensory retina and pigmentary epithelium. ↓ Retinal detachment Fig. 11.27. Flow chart depicting pathogenesis of rhegmatogenous retinal detachment.
 
 Clinical features
 
 Prodromal symptoms. These include dark spots (floaters) in front of the eye (due to rapid vitreous degeneration) and photopsia, i.e., sensation of flashes of light (due to irritation of retina by vitreous movements). Symptoms of detached retina. These are as follows: 1. Localised relative loss in the field of vision (of detached retina) is noticed by the patient in early stage which progresses to a total loss when peripheral detachment proceeds gradually towards the macular area. 2. Sudden painless loss of vision occurs when the detachment is large and central. Such patients usually complain of sudden appearance of a dark cloud or veil in front of the eye. Signs. These are elicited on following examinations: 1. External examination, eye is usually normal. 2. Intraocular pressure is usually slightly lower or may be normal. 3. Marcus Gunn pupil (relative afferent pupillary defect) is present in eyes with extensive RD. 4. Plane mirror examination reveals an altered red reflex in pupillary area (i.e., greyish reflex in the quadrant of detached retina). 5. Ophthalmoscopy should be carried out both by direct and indirect techniques. Retinal detachment is best examined by indirect ophthalmoscopy using scleral indentation (to enhance visualization of the peripheral retina anterior to equator). On examination, freshly-detached retina gives grey reflex instead of normal pink reflex and is raised anteriorly (convex configuration). It is thrown
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 into folds which oscillate with the movements of the eye. These may be small or may assume the shape of balloons in large bullous retinal detachment. In total detachment retina becomes funnel-shaped, being attached only at the disc and ora serrata. Retinal vessels appear as dark tortuous cords oscillating with the movement of detached retina. Retinal breaks associated with rhegmatogenous detachment are located with difficulty. These look reddish in colour and vary in shape. These may be round, horse-shoe shaped, slit-like or in the form of a large anterior dialysis (Fig. 11.28). Retinal breaks are most frequently found in the periphery (commonest in the upper temporal quadrant). Associated retinal degenerations, pigmentation and haemorrhages may be discovered. Old retinal detachment is characterized by retinal thining (due to atrophy), formation of subretinal demarcation line (high water markes) due to proliferation of RPE cells at the junction of flat detachment and formation of secondary intraretinal cysts (in very old RD). 6. Visual field charting reveals scotomas corresponding to the area of detached retina, which are relative to begin with but become absolute in long-standing cases. 7. Electroretinography (ERG) is subnormal or absent. 8. Ultrasonography confirms the diagnosis. It is of particular value in patients with hazy media especially in the presence of dense cataracts.
 
 Complications
 
 These usually occur in long-standing cases and include proliferative vitreoretinopathy (PVR), complicated cataract, uveitis and phthisis bulbi. Treatment
 
 Basic principles and steps of RD surgery are: 1. Sealing of retinal breaks. All the retinal breaks should be detected, accurately localised and sealed by producing aseptic chorioretinitis, with cryocoagulation, or photocoagulation or diathermy. Cryocoagulation is more frequently utilised (Fig. 11.29). 2. SRF drainage. It allows immediate apposition between sensory retina and RPE. SRF drainage is done very carefully by inserting a fine needle through the sclera and choroid into the subretinal space and allowing SRF to drain away. SRF drainage may not be required in some cases. 3. To maintain chorioretinal apposition for at least a couple of weeks. This can be accomplished by either of the following procedures depending upon the clinical condition of the eye: i. Scleral buckling i.e., inward indentation of sclera to provide external temponade is still widely used to achieve the above mentioned goal successfully in simple cases of primary RD. Scleral buckling is achieved by inserting an explant (silicone sponge or solid silicone band) with the help of mattress type sutures applied in the sclera (Fig. 11.30). Radially oriented explant is most effective in sealing an isolated hole, and
 
 Fig. 11.28. Retinal detachment associated with: A, horse-shoe tear; B, round retinal hole; C, anterior dialysis.
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 circumferential explant (encirclage) is indicated in breaks involving three or more quadrants. ii. Pneumatic retinopaxy is a simple outpatient procedure which can be used to fix a fresh superior RD with one or two small holes extending over less than two clock hours in upper two thirds of the peripheral retina. In this technique after sealing the breaks with cryopaxy, an expanding gas bubble (SF6 or C3F8) is injected in the vitreous. Then proper postioning of the patient is done so that the break is uppermost and the gas bubble remains in contact with the tear for 5-7 days.
 
 Fig. 11.29. Cryocoagulation of the retinal hole area under direct vision with indirect ophthalmoscopy.
 
 iii. Parsplana vitrectomy, endolaser photocoagulation and internal temponade. This procedure is indicated in:  All complicated primary RDs, and  All tractional RDs.  Presently, even in uncomplicated primary RDs (where scleral buckling is successful), the primary vitrectomy is being used with increased frequency by the experts in a bid to provide better resutls. Main steps of this procedure are:  Pars plana,3-port vitrectomy (see page 247) is done to remove all membranes and vitreous and to clean the edges of retinal breaks.  Internal drainage of SRF through existing retinal breaks using a fine needle or through a posterior retinotomy is done.  Flattening of the retina is done by injecting silicone oil or perflurocarbon liquid.  Endolaser is then applied around the area of retinal tears and holes to create chorioretinal adhesions.  To temponade the retina internally either silicone oil is left inside or is exchanged with some long acting gas (air-silicone oil exchange). Gases commonly used to temponade the retina are sulphur hexafluoride (SF 6 ) or perfluoropropane (C3F8) (see page 247). Prophylaxis
 
 Occurrence of primary retinal detachment can be prevented by timely application of laser photocoagulation or cryotherapy in the areas of retinal breaks and/or predisposing lesions like lattice degeneration. Prophylactic measures are particularly indicated in patients having associated high risk factors like myopia, aphakia, retinal detachment in the fellow eye or history of retinal detachment in the family. EXUDATIVE OR SOLID RETINAL DETACHMENT
 
 Fig. 11.30. Diagram depicting scleral buckling and subretinal fluid (SRF) drainage.
 
 It occurs due to the retina being pushed away by a neoplasm or accumulation of fluid beneath the retina following inflammatory or vascular lesions.
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 Etiology
 
 Treatment
 
 Its common causes can be grouped as under: 1. Systemic diseases. These include: toxaemia of pregnancy, renal hypertension, blood dyscrasias and polyarteritis nodosa. 2. Ocular diseases. These include: (i) Inflammations such as Harada’s disease, sympathetic ophthalmia, posterior scleritis, and orbital cellulitis; (ii) Vascular diseases such as central serous retinopathy and exudative retinopathy of Coats; (iii) Neoplasms e.g., malignant melanoma of choroid and retinoblastoma (exophytic type); (iv) Sudden hypotony due to perforation of globe and intraocular operations.
 
 
 
 
 
 Exudative retinal detachment due to transudate, exudate and haemorrhage may undergo spontaneous regression following absorption of the fluid. Thus, the treatment should be for the causative disease. Presence of intraocular tumours usually requires enucleation.
 
 TRACTIONAL RETINAL DETACHMENT
 
 It occurs due to retina being mechanically pulled away from its bed by the contraction of fibrous tissue in the vitreous (vitreoretinal tractional bands). Etiology
 
 Clinical features
 
 Exudative retinal detachment can be differentiated from a simple primary detachment by:  Absence of photopsia, holes/tears, folds and undulations.  The exudative detachment is smooth and convex (Fig. 11.31). At the summit of a tumour it is usually rounded and fixed and may show pigmentary disturbances.  Occasionally, pattern of retinal vessels may be disturbed due to presence of neovascularisation on the tumour summit.  Shifting fluid characterised by changing position of the detached area with gravity is the hallmark of exudative retinal detachment.  On transillumination test a simple detachment appears transparent while solid detachment is opaque.
 
 It is associated with the following conditions:  Post-traumatic retraction of scar tissue especially following penetrating injury.  Proliferative diabetic retinopathy.  Post-haemorrhagic retinitis proliferans.  Retinopathy of prematurity.  Plastic cyclitis.  Sickle cell retinopathy.  Proliferative retinopathy in Eales’ disease. Clinical features 
 
 
 
 
 
 
 
 Tractional retinal detachment (Fig. 11.32) is charcterised by presence of vitreoretinal bands with lesions of the causative disease. Retinal breaks are usually absent and configuration of the detached area is concave. The highest elevation of the retina occurs at sites of vitreoretinal traction. Retinal mobility is severely reduced and shifting fluid is absent.
 
 Treatment
 
 It is difficult and requires pars plana vitrectomy to cut the vitreoretinal tractional bands and internal tamponade as described above. Prognosis in such cases is usually not so good.
 
 TUMOURS OF RETINA
 
 Fig. 11.31. Exudative retinal detachment in a patient with malignant melanoma of choroid.
 
 Tumours of retina have become a subject of increasing interest to clinical ophthalmologists as well as ocular pathologists. Their classification is given here and only a few of common interests are described.
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 4. Race. It is rarer in Negroes than Whites. 5. Bilaterality. In 25-30 percent cases, there is bilateral involvement, although one eye is affected more extensively and earlier than the other. Genetics and heredity
 
 Fig. 11.32. Tractional retinal detachment in a patient with advanced diabetic retinopathy.
 
 Classification
 
 A. Primary tumours 1. Neuroblastic tumours. These arise from sensory retina (retinoblastoma and astrocytoma) and pigment epithelium (benign epithelioma and melanotic malignant tumours). 2. Mesodermal angiomata e.g., cavernous haemangioma. 3. Phakomatoses. These include: angiomatosis retinae (von Hippel-Lindau disease), tuberous sclerosis (Bourneville’s disease), neurofibromatosis (von Recklinghausen’s disease and encephalo-trigeminal angiomatosis (Sturge-Weber syndrome). B. Secondary tumours 1. Direct extension e.g., from malignant melanoma of the choroid. 2. Metastatic carcinomas from the gastrointestinal tract, genitourinary tract, lungs, and pancreas. 3. Metastatic sarcomas. 4. Metastatic malignant melanoma from the skin. RETINOBLASTOMA
 
 It is a common congenital malignant tumour arising from the neurosensory retina in one or both eyes. Incidence
 
 1. It is the most common intraocular tumour of childhood occurring 1 in 20,000 live births. 2. Age. Though congenital, it is not recognised at birth, and is usually seen between 1 and 2 years of age. 3. Sex. There is no sex predisposition.
 
 Retinoblastoma (RB) gene has been identified as 14 band on the long-arm of chromosome 13 (13q 14) and is a ‘cancer suppressor’ or ‘antioncogenic’ gene. Deletion or inactivation of this protective gene by two mutations (Knudson’s two hit hypothesis) results in occurrence of retinoblastoma. Retinoblastoma may arise as hereditary and nonherditary forms. 1. Hereditary or familial cases. In such cases first hit (mutation) occurs in one of the parental germ cells before fertilization. This means mutation will occur in all somatic cells (predisposing to develop even nonocular tumour). Second hit (mutation) occurs late in postzygote phase and affects the second allele, resulting in development of retinoblastoma. Some facts about hereditary retinoblastoma are:  Accounts for 40% of all cases.  All bilateral cases and about 15% of the unilateral cases are hereditary.  Most hereditary cases are multifocal.  Some hereditary cases have trilateral retinoblastoma (i.e., have associated pinealoblastoma).  Inheritance is autosomal dominant and the risk of transmitting the gene mutation is 50%. Because of high peneterance 40% of offspring of a surviver of heraditary retinoblastoma will develop the tumour.  There are 40% chances of developing tumour in a sibling of a child with bilateral retinoblastoma (with unaffected parents). 2. Non-hereditary or sporadic cases. In nonhereditary cases both hits (mutations) occur in the embryo after fertilization and in the same retinal cell. Some facts about non-hereditary (somatic) retinoblastoma are:  Accounts for 60% of all cases.  All non-hereditary cases are unilateral and unifocal and accounts for 85% of the all unilateral cases of retinoblastoma.  Patient is not predisposed to get second nonocular cancer.  Tumour is not transmissible.
 
 281
 
 DISEASES OF THE RETINA
 
 Pathology
 
 Origin. It arises as malignant proliferation of the immature retinal neural cells called, retinoblasts, which have lost both antioncogenic genes. Histopathology. Growth chiefly consists of small round cells with large nuclei, resembling the cells of the nuclear layer of retina. These cells may present as a highly undifferentiated or well-differentiated tumour. Microscopic features of a well differentiated tumour include Flexner-Wintersteiner rosettes, (highly specific of retinoblastoma), Homer-Wright rosettes, pseudorosettes and fleurettes formation (Fig. 11.33). Other histologic features are presence of areas of necrosis and calcification. Clinical picture
 
 It may be divided into four stages: I. Quiescent stage. It lasts for about 6 months to one year. During this stage, child may have any of the following features: 1. Leukocoria or yellowish-white pupillary reflex (also called as amaurotic cat’s eye appearance) is the commonest feature noticed in this stage (Fig. 11.34). 2. Squint, usually convergent, may develop in some cases. 3. Nystagmus is a rare feature, noticed in bilateral cases.
 
 Fig. 11.33. Histopathological picture of retinoblastoma.
 
 4. Defective vision. Very rarely, when the tumour arises late (3-5 years of age), the child may complain of defective vision. 5. Ophthalmoscopic features of tumour. In the early stages, before the appearance of leukocoria, fundus examination after full mydriasis may reveal the growth. Ophthalmoscopic signs in two types of retinoblastoma are as follows: i. Endophytic retinoblastoma (Fig. 11.35A): It grows inwards from the retina into the vitreous cavity. On ophthalmoscopic examination, the tumour looks like a well circumscribed polypoidal mass of white or pearly pink in colour. Fine blood vessels and sometimes a haemorrhage may be present on its surface. In the presence of calcification, it gives the typical ‘cottage cheese’ appearance. There may be multiple growths projecting into the vitreous. ii. Exophytic retinoblastoma (Fig. 11.35B). It grows outwards and separates the retina from the choroid. On fundus examination it gives appearance of exudative retinal detachment (see page 278). II. Glaucomatous stage. It develops when retinoblastoma is left untreated during the quiescent stage. This stage is characterised by severe pain, redness, and watering. Signs. Eyeball is enlarged with apparent proptosis, conjunctiva is congested, cornea become hazy, intraocular pressure is raised. Occasionally, picture simulating severe, acute uveitis usually associated with pseudohypopyon and/or hyphaema may be the presenting mode (retinoblastoma masquerading as iridocyclitis).
 
 Fig. 11.34. Leukocoria right eye in a patient with retinoblastoma.
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 Fig. 11.36. Fungating retinoblastoma involving the orbit.
 
 Fig. 11.35. Drawing of the cross-section of the eyeball showing: A, endophytic retinoblastoma; B, exophytic retinoblastoma.
 
 III. Stage of extraocular extension. Due to progressive enlargement, of tumour the globe bursts through the sclera, usually near the limbus or near the optic disc. It is followed by rapid fungation and involvement of extraocular tissues resulting in marked proptosis (Fig. 11.36). IV. Stage of distant metastasis. It is characterised by the involvement of distant structures as follows: 1. Lymphatic spread first occurs in the preauricular and neighbouring lymph nodes. 2. Direct extension by continuity to the optic nerve and brain is common. 3. Metastasis by blood stream involves cranial and other bones. Metastasis in other organs, usually the liver, is relatively rare.
 
 as leukocoria are collectively called as ‘pseudoglioma'. A few common conditions are congenital cataract, inflammatory deposits in vitreous following a plastic cyclitis or choroiditis, coloboma of the choroid, the retrolental fibroplasia (retinopathy of prematurity), persistent hyperplastic primary vitreous, toxocara endophthalmitis and exudative retinopathy of Coats. 2. Endophytic retinoblastoma discovered on fundus examination should be differentiated from retinal tumours in tuberous sclerosis and neurofibromatosis, astrocytoma and a patch of exudative choroiditis. 3. Exophytic retinoblastoma should be differentiated from other causes of exudative retinal detachment (see page 278). Diagnosis
 
 1. Examination under anaesthesia: It should be performed in all clinically suspected cases. It should include fundus examination of both eyes after full mydriasis with atropine (direct as well as indirect ophthalmoscopy), measurement of intraocular pressure and corneal diameter.
 
 Differential diagnosis
 
 2. Plain X-rays of orbit may show calcification which occurs in 75 percent cases of retinoblastoma.
 
 1. Differential diagnosis of leukocoria. Various conditions other than retinoblastoma, which present
 
 3. Lactic dehydrogenase (LDH) level is raised in aqueous humour.
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 4. Ultrasonography and CT scanning are very useful in the diagnosis. CT also demonstrates extension to optic nerve, orbit and CNS, if any (Fig. 11.37). Treatment
 
 1. Tumour destructive therapy. When tumour is diagnosed at an early stage I i.e., when tumour is involving less than half of retina and optic nerve is not involved (usually in the second eye of bilateral cases), it may be treated conservatively by any one or more of the following tumour destructive methods depending upon the size and location of the tumour: Present recomendations are for sequential aggressive local therapy (SALT) comprising of multimodality therapy as below:  Chemoreduction followed by local therapy (Cryotherapy, thermochemotherapy or brachytherapy) is recommended for large tumours (>12 mm in diameter)  Radiotherapy (external beam radiotherapy i.e., EBRT or brachytherapy) combined with chemotherapy is recommended for medium size tumour					    

		

            

	        	    
    		
    		    

    		    

    		

		    			
    
		
	    
		
		Comprehensive Ophthalmology

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Equine Ophthalmology, 2nd Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Ophthalmology

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Ophthalmology

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Pediatric Neuro-Ophthalmology, Second Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Pediatric Ophthalmology, Neuro-Ophthalmology, Genetics

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Comprehensive Logistics, 2nd Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Comprehensive Gynecology, 5th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Real Analysis (4th Edition)

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Powers (GURPS, 4th Edition)

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Discrete Mathematics (4th Edition)

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Essential Psychiatry, 4th edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Discrete Mathematics (4th Edition)

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Modelling Transport, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Project Management, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Global Marketing, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Clinical Anesthesiology, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Digital Design (4th Edition)

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Precalculus, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Equine Surgery, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Calculus, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Precalculus, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Characters (GURPS, 4th Edition)

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Learning Python, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Angina, 4th edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Property Development, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Learning Python, 4th edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		MySQL, 4th Edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Linear Algebra, 4th edition

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Psychology, 4th Edition

	    
	

	
	    Read more
	

    



		        	    
 
	            

	
	    
		
	    
            
                
                    Recommend Documents

                

		
		    						    
    
	
	    
	
    

    
	
	    
		Comprehensive Ophthalmology	    
	
	
	    Comprehensive

OPHTHALMOLOGY

 This page intentionally left blank

 Comprehensive

OPHTHALMOLOGY Fourth Edition

A K Kh...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Equine Ophthalmology, 2nd Edition	    
	
	
	    Equine Ophthalmology 2ND EDITION

Brian C. Gilger, DVM, MS, DACVO Professor of Ophthalmology Department of Clinical Scie...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Ophthalmology	    
	
	
	    

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Ophthalmology	    
	
	
	    

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Pediatric Neuro-Ophthalmology, Second Edition	    
	
	
	    Pediatric Neuro-Ophthalmology Second Edition

 Michael C. Brodsky

Pediatric Neuro-Ophthalmology Second Edition

 Micha...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Pediatric Ophthalmology, Neuro-Ophthalmology, Genetics	    
	
	
	    Essentials in Ophthalmology

Pediatric Ophthalmology, Neuro-Ophthalmology, Genetics B. Lorenz  F.-X. Borruat Editors

 ...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Comprehensive Logistics, 2nd Edition	    
	
	
	    Comprehensive Logistics

 Timm Gudehus · Herbert Kotzab

Comprehensive Logistics Second Revised and Enlarged Edition

1...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Comprehensive Gynecology, 5th Edition	    
	
	
	    Contributors

Diane C. Bodurka, MD

David M. Gershenson, MD

Associate Professor Department of Gynecologic Oncology The...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Real Analysis (4th Edition)	    
	
	
	    

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Powers (GURPS, 4th Edition)	    
	
	
	    ●

● ● ●

● ● ● ●

Case-by-case advice on how to turn over 100 advantages from the Basic Set into superhuman abilities –...

	

    

    

    



					    		

            

        


    





    
	
	    
		
		    ×
		    Report "Comprehensive Ophthalmology 4th Edition"

		

		
		    
			Your name
			
		    

		    
			Email
			
		    

		    
			Reason
			-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint


		    

		    
			Description
			
		    

		    
			
			    

			

		    

		    
		

		
		    Close
		    Send
		

	    

	

    




	
	    
		Copyright © 2024 EPDF.PUB. All rights reserved.
		
		    About Us | 
		    Privacy Policy |  
		    Terms of Service |  
		    Copyright | 
		    DMCA | 
		    Contact Us | 
		    Cookie Policy 
		

	    

	    

	
	
	    
		
		    
			×
			Sign In

		    

		    
			
			    
				Email
				
			    

			    
				Password
				
			    

			    
				
				    
					
					 Remember me
				    
				    Forgot password?
				


			    

			    Sign In
			

		    

		

	    

	

	
	
	
	

	
	

	

	
	
	    Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & close
	

	
	
    