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Preface

Journey of Comprehensive Ophthalmology, beginning from January 1996, has been satisfying, as it has
succeeded in serving the needs of the students at large. Thoroughly revised and updated sixth edition of the
book retains its well accepted style of presenting the text. However, to make it more user-friendly its layout
has been re-organized into six sections as against two sections in the fifth edition.

Section 1: Anatomy and Physiology of Eye includes two chapters. First chapter is devoted to essential
aspects of Anatomy and Development of the Eye, and second chapter covers Physiological aspects of
various ocular structures including Physiology of Vision in a concise manner.

Section II: Optics and Refraction. Out of two chapters of this section one is devoted to Elementary and
Physiological Optics and the other describes Errors of Refraction and Accommodation in depth.

Section III: Diseases of Eye. This section covers important diseases of various structure components of the
eyeball, ocular adnexa and visual pathway in fourteen chapters.

Section IV: Ocular Therapeutics. This section comprises two chapters one each on Ocular Pharmacology,
and Lasers and Cryotherapy in Ophthalmology.

Section V: Systemic and Community Ophthalmology includes two chapters one on each topic.

Section VI: Practical Ophthalmology. Thissectionincludes chapters on ClinicalMethodsin Ophthalmology
and different other aspects essential to the practical examinations such as Ophthalmic Cases, Darkroom
Procedures, and Ophthalmic Instruments.

Review of Ophthalmology. This companion to the textbook provides an in depth revision of the subject
at a glance and an opportunity for self-assessment, and thus makes it the book of choice for preparing for
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 textis 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 for a quick revision of the subject.

= Text is complete and up-to-date with recent advances. 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 as well.

= Text is illustrated with plenty of diagrams, comprising clinical photographs and clear-line diagrams
which provide vivid and lucid details.

= Operative steps of important surgical techniques have been given in the relevant chapters.

= Wherever possible important information has been given in the form of tables and flow charts.

Sixth Edition of the book has been possible as a result of active criticism, suggestions and generous help
of many teachers and students. Surely, I owe sincere thanks to them all. Those who need special mention are
Prof. R.C. Nagpal, Prof. Harsh Bahadur and Prof. Renu Dhasmana from HIMS, Jolly Grant, Dehradun; Prof.
G.S. Bajwa, DMC, Ludhiana; Prof. R.N. Bhatnagar, Gian Sagar Medical College, Rajpura; Prof. P.S. Sandhu,
Faridkot; Prof. S.S. Shergill, Amritsar; Prof. Dharamveer, Patiala; Prof. S.M. Bhati and Prof. Nitin Batra from
CMC, Ludhiana; Prof. V.P. Gupta, UCMS, New Delhi; Prof. K.P. Chaudhary, GMC, Shimla; Prof. Atul Kumar,
and Prof. Tanuj Dada from Dr. R.P. Centre for Ophthalmic Sciences, AIIMS, New Delhi; Prof. Vishnu Gupta
and Prof. B.P. Guliani from VMMC, New Delhi; Prof. Amod Gupta, Prof. Jagat Ram and Prof. M.R. Dogra
from PGIMER, Chandigarh and Dr.Mahipal S. Sachdev, Medical Director, Centre for Sight, New Delhi.



vil Comprehensive Ophthalmology

I acknowledge the special help rendered by Prof. S. Sood from GMC, Chandigarh by contributing fundus
photographs and OCT pictures; Dr. Santosh Honavar from CFS, Hyderabad for some figures of orbital
tumours and Dr. Shweta Goel for her sincere help in updating this edition. I am grateful to Dr. C.S. Dhull,
Director, PGIMS and Dr. S.S. Sangwan, Vice-Chancellor, University of Health Sciences, Rohtak for providing
an academic atmosphere conducive to such a venture. I acknowledge with humble thanks, the respect,
affection and cooperation of faculty members of Regional Institute of Ophthalmology (RIO), PGIMS, Rohtak
namely Dr. SV. Singh, Dr. J.P. Chugh, Dr. VK. Dhull, Dr. R.S. Chauhan, Dr. Manisha Rathi, Dr. Neebha Anand,
Dr. Manisha Nada, Dr. Urmil Chawla, Dr. Ashok Rathi, Dr. Sumit Sachdeva, Dr. Sumeet Khanduja, Dr. Reena
Gupta and Dr. Jitender Phogat.

The love and moral support, in addition to the editorial help, rendered by my daughter Dr. Arushi,
University of Connecticut, USA, and my wife Dr. Indu Khurana, Senior Professor, Physiology made my task
untiring.

The enthusiastic cooperation received from Shri Jitendar P Vij (Group Chairman), Mr Ankit Vij (Group
President), Mr Tarun Duneja (Director-Publishing), Ms. Sunita Katla (Publishing Manager), Mr. Rajesh
Sharma (Author Coordinator), and Mr. Sumit Kumar (Graphic Designer), Ms. Seema Dogra (Cover
Designer), Ms. Geeta Srivastava and Geeta Barik (Proof Readers) and Mr. Kapil Dev Sharma (DTP Operator)
of Jaypee Brothers Medical 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. Users are therefore 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 will be
highly appreciated and duly acknowledged.

A K Khurana
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Anatomy and
Development of Eye

I CHAPTER OUTLINE I

ANATOMY OF EYE

* Eyeball

¢ Visual pathway

* Orbit, extraocular muscles and appendages of the eye
* Blood vessels and nerves

DEVELOPMENT OF EYE

* Formation of optic vesicle and optic stalk

Il ANATOMY OF 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.

B EYEBALL

Each eyeball (Fig. 1.1) is a cystic structure kept

distended by the pressure inside it.

o Shape. Although, generally referred to as a globe,
the eyeball is not a sphere but an oblate spheroid.

o Poles. The central point on the maximal convexities
of the anterior and posterior curvatures of the
eyeball is called the anterior and posterior pole,
respectively.

e Equator of the eyeball lies at the mid plane
between the two poles (Fig. 1.2).

Dimensions of an adult eyeball

o Anteroposterior diameter 24 mm

o Horizontal diameter 23.5 mm
o Vertical diameter 23 mm

¢ Circumference 75 mm
¢ Volume 6.5 ml

o Weight 7gm
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

* Formation of lens vesicle

* Formation of optic cup

* Changes in the associated mesenchyme

* Development of various ocular structures

* Structures derived from the embryonic layers

* Important milestones in the development of eye

this fibrous coat is transparent and is called cornea.
Posterior 5/6th opaque part is called sclera. Cornea
is set into the 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, from anterior to posterior, which are: iris,
ciliary body and choroid.

3. Nervous coat (retina). It is concerned with visual
functions and projects to visual cortex through the
visual pathway.

Segments and chambers of the eyeball

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.

= Anterior chamber. 1t is bounded anteriorly by the
back of cornea, and posteriorly by the anterior surface
ofiris and part of ciliary body. The anterior chamber
is about 2.5 mm deep in the centre in normal adults.
Itis slightly 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. It communicates with posterior
chamber through the pupil.
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Posterior chamber

Conjunctiva —‘

Ciliary body
Ora serrata
Medial rectus ”

Optic nerve
Retinal vessels

Cornea

Pupil
Anterior chamber

“Z y

Lens

Iris

Schlemm'’s canal
Zonules

Retina

—— Choroid

Sclera

Lateral rectus

Fovea

Fig. 1.1 Gross anatomy of the eyeball

Geometric
equator

Transverse
diameter
Antero-posterior
diameter
Posterior

pole

Vertical diameter —|

Meridian

Fig. 1.2 Poles and equators of the eyeball

= Posterior chamber. Itis 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.

M 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

Each eyeball is suspended by extraocular muscles
and fascial sheaths in a quadrilateral pyramid-
shaped 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 oflids 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!

Retina

Optic nerve
Optic chiasma
Optic tract
Lateral

geniculate body
Optic radiation

Visual cortex

Fig. 1.3 Gross anatomy of the visual pathway
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Roof of orbit

Superior rectus
Tenon'’s capsule

Optic nerve Unoer lid Supraorbital artery /.{
Orbital fat PP Anterior ethmoidal artery —*
] Eyeball > )..
Inferior rectus AN ) Long and short posterior %
1 Lower lid ciliary arteries

Floor of orbitﬁ

Medial palpebral
artery

Frontal sinus

Eyebrow
Levator
palpebrae
superioris

Supratrochlear artery
Dorsal nasal artery

a

Inferior Posterior ethmoidal
oblique artery |3
Muscular arteries

Palpebral arcade
Lateral palpebral

artery

Lacrimal artery

Central retinal artery

Fig. 1.4 Section of the orbital cavity to
demonstrate eyeball and its accessory structures

@ BLOOD VESSELS AND NERVES

Arteries

Ophthalmic artery, a branch of internal carotid
artery, constitutes the main source of blood supply
for the eyeball and other orbital structures. Blood
supply of each ocular structure is described in the
relevant chapters.

o Branches of ophthalmic artery are shown in Fig. 1.5.
o Arterial supply of eyeball is depicted in Fig. 1.6.

Veins

Veins draining blood from the eyeball include (Figs.

1.6 and 1.7):

o Central retinal vein which drains blood from the
retina; and

o Anterior ciliary veins, short posterior ciliary veins
and venae verticosae which drain blood from the
uveal tissue.

Main venous channels which ultimately get tributaries

from various orbital structures include (Fig. 1.7):

e Superior ophthalmic vein,

o Inferior ophthalmic vein,

o Middle ophthalmic vein,

o Medial ophthalmic vein,

o Angular vein, and

o Cavernous sinus.

Nerves

Sensory nerves

Ophthalmic nerve

Ophthalmic nerve, smallest of the three divisions of
trigeminal (5th cranial) nerve, supplies the various
ocular structures through its three branches (Fig. 1.8):
1. Lacrimal nerve. It lies in the lateral part of the orbit
and supplies lacrimal gland, conjunctiva and lateral
part of upper eyelid.

2. Frontal nerve. It divides into two branches in the
middle of orbit:

=Supratrochlear nerve supplies the conjunctiva,
middle part of upper eyelid, and skin of the forehead
above the root of nose.

= Supraorbital nerve supplies the conjunctiva, central
part of upper eyelid, and part of the skin of forehead
and scalp.

Ophthalmic artery
Recurrent meningeal
artery

Ophthalmic artery
Internal carotid

artery
Middle-cerebral artery

Fig.1.5 Ophthalmic artery and its branches

3. Nasociliary nerve. It has following branches:

= Long ciliary nerves, two in number, pierce the sclera
on either side of optic nerve, run forward between
sclera and choroid and supply sensory nerves to the
ciliary body, iris and cornea.

= Communicating branches to ciliary ganglion form its
sensoryrootand their fibres pass along the short ciliary
nerves, to supply the ciliary body, iris and cornea.

= Posterior ethmoidal nerve supplies the ethmoidal
and sphenoidal air sinuses.

= Anterior ethmoidal nerve is a terminal branch of
nasociliary nerve which leaves the orbit through the
anterior ethmoidal foramen.

= Infratrochlear nerve is the other terminal branch of
nasociliary nerve. It runs forward and supplies the
conjunctiva, lacrimal sac, caruncle, and medial part
of the eyelids.

Iris vessels

Branch of anterior
ciliary vein from
ciliary muscle
Maijor arterial
circle of iris

>— Anterior ciliary
\ \vessels

Rectus

Vein from ciliary
muscle to
vortex vein

Vortex vein
Episcleral vessels
Long posterior
ciliary artery

Short posterior
ciliary arteries

Dural vessels

Pial vessels

Central retinal artery
Central retinal vein

Fig. 1.6 Blood supply of eyeball
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Inferior
ophthalmic
vein
Optic nerve
Middle
Cavernous meningeal

sinus
Superior petrosal sinus

Transverse
sinus
Inferior
petrosal
sinus
Jugular vein
Pterygoid
plexus
Posterior
facial

vein
Internal

jugular
vein

Superior ophthalmic
vein

Frontal sinus
Supraorbital vein
Supratrochlear vein

Angular vein

Maxillary sinus
Deep facial vein

Anterior facial vein

Submental vein

Fig.1.7 Schematic drawing showing orbital veins draining blood from the ocular tissues

Motor nerves

e 3rd, 4th and 6th cranial nerves supply the
extraocular muscles, and

e 7th cranial nerve branches supply the orbicularis
oculi muscle of the eyelids.

Autonomic nerves

Parasympathetic nerves

Edinger-Westphal nucleus, located in midbrain
(Fig. 1.9), sends preganglionic fibres through
the third cranial nerve to ciliary ganglion and
accessory ganglion. Postganglionic nerve fibres
from ciliary ganglion travel along the short ciliary
nerves to supply the sphincter pupillae muscle and
postganglionic fibres from the accessory ganglion
supply the ciliary muscle.

Infratrochlear nerve

Supratrochlear nerve

Short ciliary nerves
Anterior ethmoidal nerve

Posterior ethmoidal nerve

Salivatory nucleus, located in pons (Fig. 1.10),
sends preganglionic fibres through facial nerve
to the sphenopalatine ganglion. Postganglionic
secretomotor fibres finally reach the lacrimal gland
through the lacrimal nerve.

Ciliary ganglion

Ciliary ganglion is a peripheral parasympathetic
ganglion placed in the course of oculomotor nerve
near the apex of orbit (Fig. 1.9).

Roots of ciliary ganglion include:

= Sensory root, as described above, comes from the
nasociliary nerve.

= Sympathetic root of ciliary ganglion comes from
internal carotid plexus. These fibres also do not relay

Lacrimal gland
Supraorbital nerve

£i=N
K
= Communication from

zygomaticotemporal nerve
Lacrimal nerve

Long ciliary nerves
Nasociliary nerve

Optic nerve

Ciliary ganglion

Frontal nerve

Maxillary nerve in foramen rotundum

Mandibular nerve in foramen ovale

Motor root of trigeminal nerve

V4

Sensory root of trigeminal nerve

Fig.1.8 Ophthalmic nerve and its branches
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Sympathetic inhibitory pathway

Occipital cortex

Excitatory pathway

Inhibitory pathway

Frontal cortex

(psycho-optical)

Hypothalamic
sympathetic centre

Edinger-Westphal
nucleus

Third nerve

Excitatory pathway

Ciliary ganglion
, N\

‘.
) Short ciliary nerve

Accessory ganglion

Fibres of convergence

Inferior oblique muscle

Fig.1.9 Course of parasympathetic nerve supply from Edinger-Westphal nucleus
to ciliary muscle and sphincter pupillae muscle

here and pass along the short ciliary nerves to supply
the blood vessels of the eyeball.

= Parasympathetic root of ciliary ganglion arises from
the nerve to inferior oblique muscle and carries the
preganglionic fibres from the Edinger-Westphal
nucleus. These fibres relay here and postganglionic
fibres pass through the short ciliary nerves and supply
the sphincter pupillae and ciliary muscle.

Short ciliary nerves, branches of ciliary ganglion,
about 10 in number, pierce the sclera around the
optic nerve and run forward between the sclera and
choroid and reach the ciliary muscles where the
sensory fibres form a plexus and supply it.

e ==

m Frontal cortex

Basal ganglion

Thalamus /
[

Hypothalamus

Trigeminal
ganglion
Facial ganglion

Sympathetic nerves

Preganglionic fibres arise from the ciliospinal center
of Budge (located in inferio mediolateral cell column
of spinal cord at C8, T1 and T2 level) and go to
cervical sympathetic chain to relay in the superior
cervical ganglion (Fig. 1.11).

Postganglionic fibres from the superior cervical
ganglion enter the skull with the internal carotid
plexuses and supply following structures:

= Orbital arteries receive vasomotor fibres through
the plexuses around ophthalmic artery.

=Dilator pupillae muscle is supplied by the
sympathetic fibres from the carotid plexuses which

Ophthalmic nerve

\ Lacrimal gland

Lacrimal nerve

Zygomatic nerve

Lacrimal nucleus

Sphenopalatine ganglion

Internal carotid artery

Spinal cord ﬁg

||

Superior cervical ganglion

—— Sensory fibres

—— Parasympathetic fibres
—— Sympathetic fibres

Fig.1.10 Course of parasympathetic nerve supply from lacrimatory nucleus to the lacrimal gland
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of V nerve
Nasociliary nerve
Long ciliary nerve
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//

Cavernous plexus
Carotid plexus

> ) )
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ganglion

Q,\ Middle cervical
, ;\ ganglion
Inferior cervical

ganglion
Annulus of
Vieussens

Fig.1.11 Course of ocular sympathetic nerves

enter the Gasserian ganglion of 5th cranial nerve
and ultimately reach the dilator pupillae muscle
along with long ciliary branches of nasociliary nerve
(branch of ophthalmic division of 5th nerve).

= Blood vessels inside the eyeball are supplied by the
fibres from the internal carotid plexuses which join
the ciliary ganglion as its sympathetic root and without
relaying here these fibres enter inside the eyeball along
the short ciliary nerves. These fibres may also supply
the dilator pupillae muscle when it is not supplied by
the usual course via the nasociliary nerve.

= Palpebral (Muller’s) muscle of the eyelid is supplied
by the postganglionic fibres forming cavernous
plexuses reaching the muscle through the branches
of oculomotor (3rd cranial) nerve.

Pre-auricular
lymph node

Sub-mandibular
lymph node

—— .

Fig.1.12 Lymphatic drainage of eyelids,
conjunctiva and orbital tissues

Lymphatic Drainage

Lymphatics draining the eyelids, conjunctiva and

orbital tissues are arranged in two groups (Fig. 1.12):

e Medial group of lymphatics drain into the sub-
mandibular lymph nodes, and

o Lateral group of lymphatics drain into the sub-
auricular lymph nodes.

] DEVELOPMENT OF EYE

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.

Eyeball and its related structures are derived from

the following primordia:

o Optic vesicle, an outgrowth from prosencephalon
(a neuroectodermal structure),

e Lens placode, a specialized area of surface
ectoderm, and the surrounding surface ectoderm,

o Mesenchyme surrounding the optic vesicle, and

o Visceral mesoderm of maxillary processes.

Before going into the development of individual
structure, 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.

I FORMATION OF OPTIC VESICLE AND OPTIC
STALK

The area of neural plate (Fig. 1.13A) which forms the

prosencephalon develops a linear thickened area on

either side (Fig. 1.13B), which soon becomes depressed

to form the optic sulcus (Fig. 1.13C). Meanwhile
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’7 Neural plate
I ——

A
Mickening
B

ﬁﬁomic sulcus
@ptic vesicle

Prosencephalon

Fig. 1.13 Formation of the optic
vesicle and optic stalk

the neural plate gets converted into prosencephalic
vesicle. As the optic sulcus deepens, the walls of the
prosencephalon overlying the sulcus bulge out to form
the optic vesicle (Figs. 1.13D, E and F). The proximal
part of the optic vesicle becomes constricted and
elongated to form the optic stalk (Figs. 1.13G and H).

[ FORMATION OF LENS VESICLE
The optic vesicle grows laterally and comes in contact
with the surface ectoderm. The surface ectoderm,

Optic vesicle

Lens

placod@
A B

Optic cup

&

overlying the optic vesicle becomes thickened to form
the lens placode (Fig. 1.14A) which sinks below the
surface and is converted into the lens vesicle (Figs.
1.14B and C). It is soon separated from the surface
ectoderm at 33rd day of gestation (Fig. 1.14D).

@ FORMATION OF OPTIC CUP

The optic vesicle is converted into a double-
layered optic cup. It appears from Fig. 1.15 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 some distance
along the inferior surface of the optic stalk and is
called the choroidal or fetal fissure (Fig. 1.15).

@ CHANGES IN THE ASSOCIATED MESENCHYME
The developing neural tube (from which central
nervous system develops) is surrounded by
mesenchyme, which subsequently condenses to

Fig. 1.15 Optic cup and stalk seen from below to show
the choroidal fissure

Surface ectoderm

Lens

S

D

Fig. 1.14 Formation of lens vesicle and optic cup
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i%  Pia-arachnoid

i—— Dura mater

Diencephalon

Fig. 1.16 Developing optic cup surrounded by
mesenchyme

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. 1.16).

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. 1.17).

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. 1.17).

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.

Iris Cornea
Anterior
. chamber
Ciliary
body Lens

Hyaloid

Choroid

Hyaloid

Sclera artery

Optic

Dura nerve

Fig. 1.17 Derivation of various structures of the eyeball

B DEVELOPMENT OF VARIOUS OCULAR
STRUCTURES

Retina

Retina is developed from the two walls of the optic

cup, namely:

e Nervous retina from the inner wall, and Pigment
epithelium from the outer wall (Fig. 1.18).

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):

o Matrix cell layer. Cells of this layer form the rods
and cones.

o Mantle layer. Cells of this layer form the bipolar
cells, ganglion cells, other neurons of retina and
the supporting tissue.

o Marginal layer. This layer forms the ganglion cells,
axons of which form the nerve fibre layer.

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.

Thin outer wall of optic

cup forms pigmented
layer of retina

Thick inner wall forms
nervous layer of retina

This part forms
epithelial layers
of iris and ciliary body

Optical pa‘rt of retina

Fig. 1.18 Development of the retina

Optic nerve

Optic nerve develops in the framework of optic stalk
as below:

= Optic nerve fibres develop from the nerve fibre
layer of retina which grow into the optic stalk by
passing through the choroidal fissure (by 6th week
of gestation) and pass posteriorly to the brain.

= Glial system of the nerve develops from the neuro-
ectodermal cells forming the outer wall of the optic
stalk. Glial septa surrounding the nerve bundles are
composed of astroglia that differentiate from the cells
of the inner wall of the optic stalk.

= Sheaths of optic nerve are formed from the layers of
mesenchyme like meninges of other parts of central
nervous system.
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= 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.

Crystalline lens

The crystalline lens is developed from the surface
ectoderm as below:

Lens placode and lens vesicle formation (see page 9
and Fig. 1.14).

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. 1.19).
Secondary lens fibres are formed from equatorial
cells of anterior epithelium which remain active
throughout 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:

Embryonic lens (nucleus)

Fig. 1.19 Development of the crystalline lens

e Fetal nucleus (3rd to 8th month),

o Infantile nucleus (last weeks of fetal life to puberty),
o Adult nucleus (after puberty), and

o Cortex (superficial lens fibres of adult lens).

Lens capsule is a true basement membrane produced
by the lens epithelium on its external aspect.

Cornea

1. Epithelium is formed from the surface ectoderm.
2. Other layers viz. endothelium, Descemet’s mem-
brane, pre-Descemet’s membrane, stroma and
Bowman'’s layer are derived from the fibrous layer of
mesenchyme lying anterior to the optic cup (Fig. 1.17).

Sclera

Sclera is developed from the fibrous layer of
mesenchyme surrounding the optic cup (corres-
ponding to dura of CNS) (Fig. 1.17).

Choroid

Choroid is derived from the inner vascular layer of
mesenchyme that surrounds the optic cup (Fig. 1.17).
Ciliary body

= 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. 1.17).

Iris

e Both layers of epithelium are derived from the
marginal region of optic cup (neuroectodermal)
(Fig. 1.17).

e Sphincter and dilator pupillae muscles are derived
from the anterior epithelium (neuroectodermal).

o Stroma and blood vessels of the iris develop from
the vascular mesenchyme present anterior to the
optic cup.

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. 1.20).
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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
thelid and the tarsal plate. The lids separate after the
seventh month of intrauterine life.

o Tarsal glands are formed by ingrowth of a regular
row of solid columns of ectodermal cells from the
lid margins.

e Cilia develop as epithelial buds from lid margins.

Conjunctiva

Conjunctiva develops from the ectoderm lining the
lids and covering the globe (Fig. 1.20).

= 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 develops 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. 1.20).

= Lacrimal sac, nasolacrimal duct and canaliculi
develop from the ectoderm of nasolacrimal furrow
which extends from the medial angle of eye to

Fig. 1.20 Development of the eyelids, conjunctiva
and lacrimal gland

the region of developing mouth. The ectoderm
gets buried to form a solid cord which is later
canalized. 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. The ectodermal buds arise from the medial
margins of eyelids which are later canalized 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

e The crystalline lens

o Epithelium of the cornea

 Epithelium of the conjunctiva

o Lacrimal gland

« Epithelium of eyelids and its derivatives viz., cilia,
tarsal glands and conjunctival glands

 Epithelium lining the lacrimal apparatus.

2. Neural ectoderm

o Retina with its pigment epithelium

o Epithelial layers of ciliary body

o Epithelial layers of iris

o Sphincter and dilator pupillae muscles
 Opticnerve (neuroglia and nervous elements only)
e Melanocytes

e Secondary vitreous

o Ciliary zonules (tertiary vitreous).

3. Associated paraxial mesenchyme

 Blood vessels of choroid, iris, ciliary vessels, central
retinal artery, other vessels

e Primary vitreous

¢ Substantia propria, Descemet’s membrane and
endothelium of cornea

e The sclera

e Stroma of iris

o Ciliary muscle

o Sheaths of optic nerve

o Extraocular muscles

o Fat, ligaments and other connective tissue
structures of the orbit
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o Upper and medial walls of the orbit
o Connective tissue of the upper eyelid.

4. Visceral mesoderm of maxillary process below
the eye

o Lower and lateral walls of orbit

o Connective tissue of the lower eyelid.

B IMPORTANT MILESTONES IN THE
DEVELOPMENT OF 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.

3.5mm (4 weeks)  Primary optic vesicle invaginates.
55to6 mm

10 mm (6 weeks)

Development of embryonic fissure.
Retinal layers differentiate, lens
vesicle formed.

Sclera, cornea and extra ocular
muscles differentiate.

Lumen of optic nerve obliterated.
Optic tracts completed, pars ciliaris

20 mm (9 weeks)

25 mm (10 weeks)
50 mm (3 months)
retina grows forwards, pars iridica
retina grows forward and lid folds
develop.

Hyaloid vessels atrophy, iris
sphincter, dilator and ciliary
muscles develop.

60 mm (4 months)

230-265 mm (8th
month)

Fetal nucleus of lens is complete,
all layers of retina nearly
developed and macula starts
differentiation.

265-300 mm (9th
month)

Except macula, retina is fully
developed, infantile nucleus of
lens begins to appear, pupillary

Contd...

Contd...
membrane and hyaloid vessels
disappear. Medulation of optic
nerve reaches lamina cribrosa.
Eye at birth

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.
Pupil is small and does not dilate fully.

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.

Refractive status. Newborn is usually hyper-
metropic by +2 to +3 D.

Orbitis more divergent (50°) as compared to adult
(45°).

Lacrimal gland is still underdeveloped and tears
are not secreted.

Postnatal period

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
are well developed by 4-6 months.

Cornea attains normal adult diameter by 2 years
of age.

Lens grows throughout life.
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MAINTENANCE OF CLEAR OCULAR MEDIA

* Physiology of tears

* Physiology of cornea
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PHYSIOLOGY OF VISION
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] INTRODUCTION

Sense of vision 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,

o Physiology of vision,

« Physiology of pupil (see page 315),

¢ Physiology of binocular vision, and

¢ Physiology of ocular motility.

MEDIA

The main prerequisite 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:

o Tear film,

o Cornea,

e Aqueous humour,

e Crystalline lens, and

e Vitreous humour.

I MAINTENANCE OF CLEAR OCULAR

* Visual perception
Electrophysiological Tests
* Electroretinography

* Electrooculography

* Visual evoked potential

PHYSIOLOGY OF OCULAR MOTILITY AND BINOCULAR
VISION

* Physiology of ocular motility
* Physiology of binocular single vision

Physiology of tears

Tear film plays a vital role in maintaining the
transparency of cornea. The physiological aspects
of the tears and tear film are described in the
chapter 16: Diseases of the Lacrimal Apparatus
(see page 387).

Physiology of cornea

The cornea forms the main refractive medium of
the eye. Physiological aspects in relation to cornea
include:

o Transparency of cornea,

e Nutrition and metabolism of cornea,

e Permeability of cornea, and

o Corneal wound healing.

(For details see page 96).

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 (see page 181),

o Metabolic activities of the lens (see page 181), and
e Accommodation (see page 45).

Physiology of aqueous humour and maintenance
of intraocular pressure

The aqueous humour is a clear watery fluid filling the
anterior chamber (0.25 ml) and the posterior chamber



Chapter 2 Physiology of Eye and Vision

15

(0.06 ml) 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 metabolites from the avascular cornea
and the crystalline lens. For details see pages 221-224.

B PHYSIOLOGY OF VISION

Physiology of vision is a complex phenomenon which
is still poorly understood. The main mechanisms
involved in physiology of vision are:

o Initiation of vision (Phototransduction), a function
of photoreceptors (rods and cones),

o Processing and transmission of visual sensation,
a function of image processing cells of retina and
visual pathway, and

o Visual perception, a function of visual cortex and
related areas of cerebral cortex.

B 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 occurringin 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 11-cis-retinal). Light
falling on the rods converts 11-cis-retinal component
ofrhodopsin into 1I-cis-retinal through various stages
(Fig. 2.1). The all-trans-retinal so formed is soon
separated from the opsin (Fig. 2.2). 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 alt-trans-retinal separated
from the opsin (as described above) and vitamin-A
(retinal) supplied from the blood. The 11-cis-
retinal then reunites 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 oflight, whereas the regeneration process

Rhodopsin \I:ight energy
Bathorhodopsin
(n sec)
Lumirhodopsin
(nsec)
(Minutes)
Metarhodopsin |
(m sec)
. Metarhodopsin Il
Opsin (sec)p
11-cis-retinal +——Isomerase All-trans-retinal
( NADH NADH
NAD NAD
11-cis-retinol Isomerase All-trans-retinol

(vitamin A)

Fig. 2.1 Light-induced changes in rhodopsin

is independent of light, proceeding equally well in
light and darkness.

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).

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.

I PROCESSING AND TRANSMISSION OF

VISUAL IMPULSE
Thereceptor 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 analysed in both serial and parallel
fashion.
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Rhodopsin

Light energy
Excitation
of nerve
Opsin
All-trans-retinal
11-cis-retinal

Opsin

Retinal isomerase

Fig. 2.2 Visual cycle

Serial processing. The successive cells in the visual
pathway starting from the photoreceptors to the cells
oflateral 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
striking differences between the sensitivity of M and
P cells to stimulus features (Table 2.1).

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 aroad. The M pathway and
P pathway are involved in the parallel processing of
the image, i.e., analysis of different features of the
image.

M VISUAL PERCEPTION

Itis a complex integration of light sense, form sense,
sense of contrast and colour sense. The receptive
field organisation of the retina and cortex are used to
encode this information about a visual image.

1. Light sense

Itis 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
o Darkadaptation (adjustmentin dim illumination),

and
o Lightadaptation (adjustment to bright illumination).

Table 2.1 Differences in the sensitivity of
M and P cells to stimulus features

Stimulus feature Sensitivity

M cell Pcell
Colour contrast No Yes
Luminance contrast Higher Lower
Spatial frequency Lower Higher
Temporal frequency Higher Lower

Dark adaptation

Itis the ability of the eye to adapt itself to decreasing
illumination. When one goes from bright sunshine
into a dimly-litroom, 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 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.

Cone adaptation

|
w
1

|
EN
]

5 Rod adaptation

Log minimal stimulus intensity
(milli lamberts)

—6 | T | | |
0 5 10 15 20 25
Time in dark (min)
Fig. 2.3 Dark adaptation curve plotted with illumination of
test object in vertical axis and duration of dark adaptation
along the horizontal axis
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=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. Form sense

Itis 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,
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.

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.

70 60 50 40 30 20 10 O
6/6

10 20 30 40 50

6/9

Relative visual acuity

N B F T

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

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 0.004 mm (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 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 recognise 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.
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Further, contrast sensitivity may be impaired even in
the presence of normal visual acuity.

Measurement of contrast sensitivity. In clinical practice
the contrast sensitivity can be measured by using
any of the following charts with letters or stripes
represented in various shades of grey:

o Arden gratings,

o Cambridge low-contrast gratings,

o Pelli-Robson contrast sensitivity chart which
consists of triplets 1 low contrast letters with same
size (Fig. 2.5),

¢ Visitach chart, and

« Functional acuity contrast test (FACT).

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
isnot entirely a function of brain. Many theories have
been put forward to explain the colour perception,
but two have been particularly influential:

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
proportions. The correctness of the Young-Helmbholtz’s
trichromacy theory of colour vision has now been
demonstrated by the identification and chemical
characterisation of each of the three pigments by
recombinant DNA technique, each having different
absorption spectrum as below (Fig. 2.6):

Red sensitive cone pigment, also known as erythrolabe
or long wavelength sensitive (LWS) cone pigment,
absorbs maximally in a yellow portion with a peak
at 565 nm. 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.

HSZDSN

N D

B

Fig. 2.5 Pelli-Robson contrast sensitivity chart (A) and
log contrast sensitivity score of each triplet (B)

Blue sensitive cone pigment, also known as cyanolabe
or short wavelength sensitive (SWS) cone pigment,
absorbs maximally in the blueviolet portion of the
spectrum with a peak at 440 nm.

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 at a lower threshold than green.

It has been studied that the gene for human
rhodopsin islocated on chromosome 3, and the gene
for the blue-sensitive cone is located on chromosome.
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:
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Fig. 2.6 Absorption spectrum of three cone pigments

= Colour vision is trichromatic at the level of photo-
receptors, and

= Colour opponency occurs at ganglion cell onwards.
According to opponent 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.

Colour vision tests
See page 330

ELECTROPHYSIOLOGICAL TESTS

Electrophysiological tests have been evolved to
assess the function of rods-cone system and visual
pathway. These include:

o Electroretinography (ERG) to assess the response
of retinal cell to a flash of light.

o Electrooculography (EOG) to study the function of
retinal pigment epithelium (RPE) and interaction
between photoreceptor-RPE junction.

e Visual evoked potential (VEP) to access the
function of visual pathway.

Note. For details of ERG, EOG and VEP see page 518.

I PHYSIOLOGY OF OCULAR MOTILITY
AND BINOCULAR VISION

[ PHYSIOLOGY OF OCULAR MOTILITY
See page 338.

I PHYSIOLOGY OF BINOCULAR SINGLE VISION
See page 341.
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ELEMENTARY OPTICS
* Light

PHYSICAL OPTICS

* Wave optics

* Quantum optics
GEOMETRICAL OPTICS
Reflection of light

* Laws of reflection

* Mirrors

Refraction of light

B ELEMENTARY OPTICS

M LIGHT

Light is a form of energy whose interaction with
retina gives the sensation of sight. It is 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 (Fig. 3.1). The white light consists of seven
colours denoted by VIBGYOR (violet, indigo, blue,
green, yellow, orange and red).

Nature of light

Various theories have been put forward from time
to time to explain the nature of light. At present, it
is universally accepted that like matter, light also

* Laws of refraction

* Total internal reflection

* Prism

* Lenses

PHYSIOLOGICAL OPTICS (OPTICS OF THE EYE)
* Eye as an optical instrument

¢ Schematic eye: cardinal points

* Reduced eye

* Axes and visual angles of the eye

* Optical aberrations of the normal eye

has dual nature, i.e., it possesses the characteristics

of both the wave and the particle (photon or

quantum). The two characters of its dual nature are

complementary.

Properties of light

e Propagated as electromagnetic wave, i.e., it does not
require medium for its propagation.

e Speed of light in free space (vacuum) is 3 x 10® m/s

(186,000 miles/s). Speed in a medium is less than

in the vacuum.

Transverse in nature, so can be polarized.

Monochromatic light refers to light of a single

wavelength. White light is heterochromatic.

Not deflected by electric and magnetic field.

Cosmic|v-rays Ultraviolet

rays rays

X-rays

Infrared| Micro [Radio waves
rays |waves|Short [Long

Light

4— Invisible ——»

\"GIE1 Indigo  Blue
nm—> 397 424

455 492

44— |nvisible ———p

Yellow
575

Orang

585 647 723

Fig. 3.1 Spectrum of electromagnetic radiation. Note the very small
portion occupied by visible light
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Visible light and the eye

e Media of the eye are uniformly 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 nm and 350 nm can reach the
retina in phakic eyes; and those between 600 nm
and 295 nm in aphakic eyes.

Eye is most sensitive to yellow-green light (wave
length 550 nm). The sensitivity decreases on both
sides of this wavelength, so itis minimum for violet
and red light (Fig. 3.2).

Sensitivity of eye

nm— 397 424 455 492 575 585 647 723
Fig. 3.2 Sensitivity of eye to visible spectrum of light

| PHYSICAL OPTICS

Physical optics takes into consideration the basic
dual nature of light, the waveform and the particle
(photon or quantum) form, and thus includes:
=Wave optics, and

=Quantum optics.

@ WAVE OPTICS

In its waveform, the light is treated as a wave with

following characteristics (Fig. 3.3):

Wavelength (L) of a light wave is defined as the

distance between two symmetrical parts of the wave
Maxima

N[
VARVARNVE:

Minima Wavelength (1)

Fig. 3.3 Light as a waveform depicting basic
characteristics

Amplitude (A) of light wave is maximum displacement
of animaginary particle on the wave from the baseline.
Phase. One complete oscillation of light is called a
wave. Any portion of the cycle is called a phase.
Phenomena based on wave optics are:

o Interference,

« Diffraction, and

o Polarization.

B QUANTUM OPTICS

Quantum optics treats light as a particle (localized

energy pocket) called photon.

Phenomena based on quantum optics are:

e Transmission and absorption of light,

e Scattering of light,

« Photoelectric effect,

o LASER (Light amplification of stimulated emission
of radiation), and

« Fluorescence.

ll GEOMETRICAL OPTICS

The behaviour of light rays is determined by ray
optics. A ray of light is the straight line path followed
by light in going from one point to another. The ray
optics, 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 oflight is a phenomenon of change in the
path of light rays without any change in the medium
(Fig. 3.4). The light rays falling on a reflecting surface
are called incident rays and those reflected by it
are reflected rays. A line drawn at right angle to the
surface is called the normal.

I LAWS OF REFLECTION

Laws of reflection are (Fig. 3.4):

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 (i) is equal to the angle of
reflection (r).

B MIRRORS

A smooth and well-polished surface which reflects
regularly most of the light falling on it is called a
mirror.
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Reflected ray Incident ray

Normal

Fig. 3.4 Laws of reflection

Types of mirrors
Mirrors can be plane or spherical.

1. Plane mirror

The features of an image formed by a plane mirror
(Fig. 3.5) 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.

2. Spherical mirror

A spherical mirror (Fig. 3.6) 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 spherical mirror include (Fig. 3.6):

e 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.

o Normal to the spherical mirror at any point is the
line joining that point to the centre of curvature
(C) of the mirror.

Fig. 3.5 Image formation with a plane mirror

pr
%

Fig. 3.6 Cardinal points of a spherical mirror

e Pole of the mirror (P) is the centre of the reflecting
surface.

o Principal axis of the mirror is the straight line
joining the pole and centre of curvature of
spherical mirror and extended on both sides.

e 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.

e Focal length (f) of the mirror is the distance of
principal focus (F) from the pole of the spherical
mirror (P).

Images formed by mirrors

Images formed by plane mirrors

Features of an image formed by a plane mirror (Fig.

3.5) are:

o Size of the image is same as that of object.

e Same distance behind the mirror as the object is
in front.

o Laterally inverted.

e Virtual in nature.

Images formed by 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 and Fig. 3.7 illustrates
various situations.

Image formed by convex mirror

The image formed by convex mirror, irrespective of
the place of object, is always (Fig. 3.8):

o Virtual,

e Erect, and

e Diminished in size.

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.
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Table 3.1 Images formed by a concave mirror for different positions of object

m Position of the object Position of the image Nature and size of the image Ray diagram

At infinity At the principal focus (F) Real, very small and inverted Fig. 3.7 (a)
2.  Beyond the centre of Between F & C Real, diminished in size, and inverted  Fig. 3.7 (b)
curvature (C)
3. AtC At C Real, same size as object and inverted Fig. 3.7 (c)
4. Between F & C Beyond C Real, enlarged and inverted Fig.3.7 (d)
5. AtF At infinity Real, very large and inverted Fig.3.7 (e)
6.  Between pole of the Behind the mirror Virtual, enlarged and erect Fig. 3.7 (f)

mirror (P) and focus (F)
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Fig. 3.7 Images formed by a concave mirror for different positions of the object : (a) at infinity;
(b) beyond the centre of curvature; (c) at C; (d) between C and F; (e) at F; (f) between F and P

I LAWS OF REFRACTION

% % Laws of refraction are (Fig. 3.9):
Ci: : B 1. The incident (i) and refracted (r) rays are on
% AV opposite sides of the normal (N) and all the three
are in the same plane.
2. Theratio of sine of angle of incidence (i) to the sine
of angle of refraction (r) is constant for the part of

media in contact. This constant is denoted by the
letter pand is called ‘refractive index’ of the medium

Fig. 3.8 Image formed by a convex mirror
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Fig. 3.9 Laws of refraction. N, and N, (normals);

I (incident ray); i (angle of incidence); R (refracted ray, bent

towards normal); r (angle of refraction); E (emergent ray,
bent from the normal)

2. In which the refracted ray lies with respect to
medium 1 (in which the incident ray sin i lies), i.e.
sin r = pi,. 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.

[ 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. 3.10).
This phenomenon is called total internal reflection.
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.

Application. The principle of total internal reflection is
utilized in many optical equipments; such as fibroptic
lights, applanation tonometer, and gonioscope.

B PRISM

A prism (Fig. 3.11) is a refracting medium, having
two plane surfaces, inclined at an angle.

= Apical angle (refracting angle) of a prism is the
angle between two surfaces (x in Fig. 3.11). The
greater the angle formed by two surfaces at the apex,
the stronger is the prismatic effect.

= Axis of the prism refers to the line bisecting the
optical angle.

Fig. 3.10 Refraction of light (1-1°); path of refracted ray at
critical angle, ¢ (2-2’); and total internal reflection (3-3’)

=Base of prism refers to the surface opposite to
the apical angle. When prescribing a prism, the
orientation is indicated by the position of the base,
e.g., ‘base-in’ or ‘base-out’ or ‘base-up’

= Refraction through the prism produces displacement
of the objects seen through it towards apex (away
from the base) (Fig. 3.11).

= Power of a prism is measured in prism dioptres. One
prism dioptre (A) 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.

=Image formed by a prism is virtual, erect and
displaced towards its apex.

Uses in ophthalmology

1. Diagnostic uses include:

e Objective measurement of angle of deviation
(Prism bar cover test, Krimsky test).

o Measurement of fusional reserve.

 Diagnosis of microtropia.

2. Prisms are also used in many ophthalmic equipments

such as gonioscope, keratometer and applanation

tonometer.

B C
Fig. 3.11 Refraction through a prism
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Fig. 3.12 Cardinal points of a convex lens: optical centre
(O); principal focus (F); centre of curvature (C); and principal
axis (AB)

3. Therapeutic uses of prisms are:

o Torelieve diplopia in patients with decompensated
phorias and small tropias.

o For exercises to develop fusional reserve.

B LENSES

Alens 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

Cardinal data of a lens include (Fig. 3.12):

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.

3. 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. 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. Focal length (f) of a lens is the distance between
the optical centre and the principal focus.

A B C
Fig. 3.13 Basic forms of a convex lens: (A) biconvex; (B)
plano-convex; (C) concavo-convex

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) 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

Sphericallenses are bounded by two spherical surfaces
and are mainly of two types convex and concave.
Convex lens or plus lens is a converging lens. It may
be of biconvex, plano-convex or concavo-convex
(meniscus) type (Fig. 3.13).

= 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.
3.14 provide details about the position, size and the
nature of the image formed by a convex lens.

Table 3.2 Images formed by a convex lens for various positions of object

m Position of the object Position of the image Nature and size of the image | Ray diagram

At infinity At focus (F)
2. Beyond 2F, Between F, and 2F,
3. At2F, At 2F,
4. Between F, and 2F, Beyond 2F,
5.  AtfocusF, At infinity
6. Between F, and the On the same side of lens

optical centre of the lens

Real, very small and inverted Fig. 3.14 (a)
Real, diminished and inverted  Fig. 3.14 (b)
Real, same size and inverted Fig. 3.14 (c)
Real, enlarged and inverted Fig. 3.14 (d)
Real, very large and inverted Fig.3.14 (e)
Virtual, enlarged and erect Fig. 3.14 (f)
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Fig. 3.14 Images formed by a convex lens for different positions of the object, (a) at infinity ;
(b) beyond 2F, ; (c) at 2F ; (d) between F, and 2F,; (e) at F ; (f) between F, and optical centre of lens

Concave lens or minus lens is a diverging lens. It is of
three types: biconcave, plano-concave and convexo-
concave (meniscus) (Fig. 3.15).

= 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.

= 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. 3.16).

2. Cylindrical lens

A cylindrical lens acts only in one axis, i.e., power is
incorporated in one axis, the other axis having zero

A B C
Fig. 3.15 Basic forms of a concave lens: (A) biconcave
(B) plano-concave; and (C) convexo-concave

\></ E

Fig. 3.16 Image formation by a concave lens

power. A cylindrical lens may be convex (plus) or

concave (minus).

o Convex cylindrical lens is a segment of a cylinder
of glass cut parallel to its axis (Fig. 3.17) refers to a
lens cast in a convex cylindrical mould.

o Concave cylindrical lens (Fig. 3.17).

o Axis of a cylindrical lens is parallel to that of the
cylinder of which it is a segment.

e Power in a cylindrical lens is present 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. 3.18).

Identification of a cylindrical lens

o When the cylindrical lens is rotated around its optical
axis, the object seen through it becomes distorted.

« 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 thelens (in convex cylinder) only in one direction.
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A B
Fig. 3.17 Cylindrical lenses: (A) convex; and (B) concave

I N—
Fig. 3.18 Refraction through a convex cylindrical lens

Uses of cylindrical lenses

o Prescribed to correct astigmatism.

e As a cross cylinder used to check the refraction
subjectively.

¢ Maddoxrod consist of powerful convex cylindrical
lenses mounted together.

Types of cylindrical lenses

Cylindrical or astigmatic lens may be of three type:

o Simple(curved in one meridian only, either convex
or concave), compound (curved unequally in both
the meridians, either convex or concave).

o Compound cylindrical lens is also called spherical
cylinder.

e Mixed cylinder, in which one meridian is convex
and the other is concave.

Images formed by a cylindrical lens

The images formed by different types of cylindrical
lenses are best understood by the study of Sturm’s
conoid (see page 42).

I PHYSIOLOGICAL OPTICS (OPTICS OF
THE EYE)

I EYE AS AN OPTICAL INSTRUMENT
Eye as an optical instrument can be compared to a
camera where:

e Eyelids acts as shutter of the camera.

o Cornea and crystalline lens act as focussing system
(lens) of the camera. In fact the cornea (1.32) and
crystalline lens (1.47) along with aqueous humour
(1.33), and vitreous humour (1.33) constitute
a homocentric system of lenses, which when
combined in action from a very strong refracting
system of short focal length.

o Iris acts as a diaphragm which regulates the size
of aperture (pupil) and, therefore, the amount of
light entering the eye.

e Choroid helps in forming the darkened interior of
the camera.

e Retina acts as light sensitive plate or film on which
image is formed.

Note. To be more precise, the functioning of the
eye can be considered to be analogous to a closed
circuit colour TV system as depicted in Fig. 3.19. The
optic nerve and its connections convey the details
of the image to the occipital region of the cerebral
cortex, where they are processed before reaching
consciousness.

@ SCHEMATIC EYE: CARDINAL POINTS

The complex optics of eye, forming a homocentric

lens system, has been simplified by Gullstrand by

resolving it into six cardinal points (schematic eye)
as follows (Fig. 3.20A):

e Two principal foci F, and F, which lie 15.7 mm in
frontand 24.4 mm behind the cornea, respectively.

 Two principal points P, and P, which lie in the
anterior chamber, 1.35 mm and 1.60 mm behind
the anterior surface of cornea, respectively.

e Two nodal points N, and N, which lie in the
posterior part of lens, 7.08 mm and 7.33 mm
behind the anterior surface of cornea, respectively.

o Total dioptric power of this schematic eye is 58.64 D.

W REDUCED EYE

Understanding of the optics eye has been further

simplified by Listing and Donder. From schematic

eye, they have given the concept of reduced eye by

choosing single principal point and single nodal

point lying midway between two principal points

and two nodal points, respectively. The simplified

data of the Listing’s reduced eye are as follows (Fig.

3.20B):

e Principal point (P) lies 1.5 mm behind the anterior
surface of cornea.

e Nodal point (N) is situated 7.2 mm behind the
anterior surface of cornea.

« Anterior focal point (F)) is 15.7 mm in front of the
anterior surface of cornea.
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B Color TV camera

Visual cortex

Signal
cable
Viewing monitor

Fig. 3.19 Functioning of eye as an optical system (A) is in many ways similar
to a closed circuit colour TV system

F,
1
I |
I 1
[ i
I 1
! i
I 1
! i
I 1
| :
| 2 1 :
A E 15.7 mm : 24.4 mm J:
I:1
a " a
. 15.7mm | | 24.4 mm i
B i 17.2 mm ? 22.9 mm i

Fig. 3.20 Cardinal points of schematic eye (A); and
reduced eye (B)

« Posterior focal point (F,) (on the retina) is 24.40 mm
behind the anterior surface of cornea.

o Anterior focal length (f) is 17.2 mm (15.7 + 1.5)

o Posterior focal length (f,) is 22.90 mm (24.40 - 1.5).

o Total dioptric power of reduced eye is about + 60
dioptre. Out of which about + 43 D is contributed
by the cornea and + 17 D by the crystalline lens.

B AXES AND VISUAL ANGLES OF THE EYE
The eye has three principal axes and three visual
angles (Fig. 3.21).

Axes of the eye

1. Optic 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.

In practice it is impossible to determine
accurately the optic axis, since we cannot know the
exact centre of cornea. However, it is much easier
to estimate centre of the pupil, for example by an
image oflight on the cornea. Therefore, in practice
we substitute the optic axis by a line perpendicular
to the cornea at the point coinciding to the centre
of pupil. This line is called pupillary line.

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. 3.21 Axes of the eye: optic 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)
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Visual angles

Visual angles eye are (Fig. 3.21):

1. Angle alpha. 1t is the angle (ONA) formed between
the optical axis (AR) and visual axis (OF) at the
nodal point (N).

2. Angle gamma. 1t 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. 1t 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.

I 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 these defects to such a
small degree that for functional purposes their presence
is negligible.
Natural mechanisms to decrease aberrations in the
human eye include:
« Cutting off of the peripheral rays by iris,
o High refractive index of the core of nucleus of the
lens than that of the peripheral cortex,
o Low sensitivity of the peripheral retina, and
« Stiles-Crawford effect, i.e., more sensitivity of the
retina to perpendicular rays than the oblique rays.
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 refers to the bending
of light rays 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
with a bright spot in the centre. Such a pattern is
termed as the Airy disc (Fig. 3.22).
2. Spherical aberrations. Spherical aberrations occur
owingto 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. 3.23).

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

Fig. 3.22 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’)

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 as a convex lens, blue light is focussed slightly
in front of the red (Fig. 3.24). 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. 3.23 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
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Blue

Red

Red

Blue
Fig. 3.24 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 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

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.
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ERRORS OF REFRACTION

* Emmetropia and ametropia

* Hypermetropia

* Myopia

¢ Astigmatism

* Anisometropia

* Aniseikonia
ACCOMMODATION AND ITS ANOMALIES
Accommodation

* Definition

* Mechanism

* Range and amplitude
Anomalies of Accommodation

* Presbyopia

* Insufficiency of accommodation

Bl ERRORS OF REFRACTION

B EMMETROPIA AND AMETROPIA

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. 4.1).

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:

o Myopia,

o Hypermetropia, and

o Astigmatism.

Note. The related conditions aphakia and pseud-
ophakia 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

* Paralysis of accommodation

* Spasm of accommodation
DETERMINATION OF REFRACTION ERRORS
* Objective refraction

* Subjective refraction

CORRECTION OF REFRACTIVE ERRORS
Spectacles

Contact lenses

Refractive surgery

* Refractive surgery for myopia

* Refractive surgery for hyperopia

* Refractive surgery for astigmatism

* Management of post-keratoplasty astigmatism
* Refractive surgery for presbyopia

retina with accommodation being at rest (Fig. 4.2).
Thus, the posterior focal point is behind the retina,
which, therefore, receives a blurred image.

Etiology
Hypermetropia may be axial, curvatural, index,
positional and due to absence of crystalline lens.

Fig. 4.1 Refraction in an emmetropic eye

Fig. 4.2 Refraction in a hypermetropic eye
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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. Axial hypermetropia
may be developmental or pathological. High
hypermetropia occurs in microophthalmos and
nanophthalmos due to markedly short axial
length (usually less than 20 mm).

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. It may be developmental or rarely
pathological.

3. Index hypermetropia occurs due to decrease
in refractive index of the lens in old age due to
cortical sclerois. 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 or physiological hyper-

metropia is the commonest form. It results from

normal biological variations in the development of

eyeball. It includes:

o Developmental axial hypermetropia, and

¢ Developmental curvatural hypermetropia.

2. Non-physiological hypermetropia results due to

either conditions of the eyeball which are outside

the normal biological variations of the development.

Itincludes:

Congenital non-physiological hypermetropia is seen in

following conditions:

¢ Microphthalmos,

¢ Nanophthalmos,

¢ Microcornea,

o Congenital posterior subluxation of lens, and

o Congenital aphakia.

Acquired non-physiological hypermetropia includes:

a. Senile hypermetropia or frequently designated

as acquired hypermetropia occurs in old age due to

two causes:

o Index hypermetropia due to acquired cortical
sclerosis in old age, and

e Curvatural hypermetropia due to decreased
curvature of the outer lens fibers developing later
in life.

b. Positional hypermetropia due to posterior

subluxation of lens.

c. Aphakia, i.e., congenital or acquired, absence of

lens.

d. Consecutive hypermetropia due to surgically over-

corrected myopia.

e. Acquired axial hypermetropia due to forward

displacement of the retina as seen in retinal

detachment, central serous retinopathy and orbital
tumours.

f. Acquired curvatural hypermetropia may occur

due to post-traumatic or post-inflammatory corneal

flattening.

g. Pseudophakic hypermetropia occurs due to

implantation of an underpowered intraocular lens.

3. Functional hypermetropia results from paralysis of

accommodation as seen in patients with third nerve

paralysis and internal ophthalmoplegia.

Components of hypermetropia (effect of
accommodation)

Nomenclature for various components of the
hypermetropia vis-a-vis accommodation 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.

a. Facultative hypermetropia constitutes that
part which can be corrected by the patient’s
accommodative effort.

b. 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
+ congenital or acquired)



36

Section II  Optics and Refraction

Age and hypermetropia

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 a tendency to develop hypermetropia again,
which gradually increases until the extreme of life by
which the eye has the same +2 to +3 with which it
started. This senile hypermetropia is due to changes
in the crystalline lens.

Clinical features
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 by the use of accommodation. Thus
vision is normal, but due to sustained accommodative
efforts patient develops asthenopic symptoms. These
include: tiredness of eyes, frontal or frontotemporal
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.
o Effect of ageing on vision. Typically patients with
low hypermetropia have good vision in young
age. However, with ageing, due to decrease in
accommodative power, the hypermetropia becomes
manifest and patients complain of progressive
decrease in vision. To begin with blurring occurs for
near vision and then for distant vision also.
Signs
1. Size of eyeball may appear small as a whole
especially in high hypermetropia.
2. Cornea may be slightly smaller than the normal.
. Anterior chamber is comparatively shallow.
4. Retinoscopy and autorefractometry reveals
hypermetropic refractive error.
5. Fundus examination reveals a small optic disc
which may look more vascular with ill-defined

w

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).

6. A-scan ultrasonography (biometry) may reveal a
short anteroposterior length of the eyeball in axial
hypermetropia.

Grading of hypermetropia

American Optometric Association (AOA) has defined

three grades of hypermetropia as below:

o Low hypermetropia, when the error is < + 2D.

e Moderate hypermetropia, when the error is
between +2 to + 5D.

o High hypermetropia, when the error is > + 5D.

Complications

If hypermetropia is not corrected for a long time the

following complications may occur:

1. Recurrent styes, blepharitis or chalazia may occut,
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 accom-
modative 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. 4.3).
=Fundamental rules for prescribing glasses in
hypermetropia include:

1. Total amount of hypermetropia should always
be discovered by performing refraction under
complete cycloplegia.

2. The spherical correction given should be com-
fortably acceptable to the patient. However, the
astigmatism should be fully corrected.
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Fig. 4.3 Refraction in a hypermetropic eye
corrected with convex lens

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 cycloplegic 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.

B. Surgical treatment (see page 54).

B 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:

o Hypermetropia of high degree.

o Total power of eyeis reduced to about +44 D from
+60 D.

o Anterior focal point becomes 23.2 mm in front of
the cornea (Normal: 15.7 mm).

e Posterior focal point is about 31 mm behind the
cornea i.e., about 7 mm behind the eyeball (The
anteroposterior length of eyeball is about 24 mm).

o Accommodation is lost fully.

Clinical features

Symptoms

e Defective vision. Main symptom in aphakia is
marked defective vision for both far and near
due to high hypermetropia and absence of
accommodation.

o Erythropsia and cyanopsia 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

o Limbal scar may be seen in surgical aphakia.

o Anterior chamber is deeper than normal.

e Iridodonesis i.e., tremulousness of iris can be
demonstrated.

o Pupilisjet black in colour.

o Purkinje’s image test shows only two images (nor-
mally four images are seen- see page 506 and Fig.
23.10).

o Fundus examination shows hypermetropic small
disc.

e Retinoscopy and autorefractometry reveals high
hypermetropia.

Treatment

Optical principle is to correct the refractive error by
convex lenses of appropriate power so that image is
formed on the retina (Fig. 4.3 ).

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 in the past, especially in developing
countries. Presently, use of aphakic spectacles has
decreased markedly. Roughly, about+10D 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 the loss of
accommodation.
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= Disadvantages of spectacles. (i) Image is magnified
by 30%, 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.

3. Intraocular lens implantation is the best available

method of correcting aphakia. Therefore, it is the

commonest modality being employed nowadays.

e Primary intraocular lens implantation is done
during cataract surgery.

o Secondary intraocular lens implantation is done
in already aphakic patients.

(For detail see page 207).

4. Refractive corneal surgery includes:

o Keratophakia and Epikeratophakia have been
tried without much success. In keratophakia a
lenticule prepared from the donor cornea is placed
between the lamellae of patient’s cornea and in
epikeratophakia, the lenticule prepared from the
donor cornea is stitched over the surface of cornea
after removing the epithelium.

o Hyperopic Lasik may be tried in cases where
secondary IOL cannot be implanted (see page 54).

I 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 ofimplantation techniques and complications
(see page 207).

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).

o Surgical scar may be seen near the limbus.

o Anterior chamber is slightly deeper than normal.

e Mild iridodonesis (tremulousness) of iris may be
demonstrated.

o Purkinje image test shows four images.

¢ Pupilisblackish in colour but when light is thrown
in pupillary area shining reflexes are observed.

e Presence of IOL is confirmed (see Fig. 9.32) on slit-
lamp examination after dilating the pupil.

o Visual status and refraction will vary depending
upon the power of IOL implanted as described
above.

Management of pseudophakia includes:

1. Spectacles for near vision alone (in pseudophakia
with emmetropia) or as bifocal/progressive glasses
for both distance and near vision (in pseudophakia
with consecutive refractive error) are required.

2. LASIK or Advanced surface ablation (ASA) may be
required in moderate consecutive refractive error.
3. Intraocular lens (IOL) exchange or pigiback IOL is
required when the consecutive refractive error is
large.

MYOPIA

Myopia or shortsightedness 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. 4.4).

Etiological classification

1. Axial myopia results from increase in antero-
posterior length of the eyeball. It is the commonest
form.

2. Curvatural myopia occurs due to increased
curvature of the cornea, lens or both.

Fig. 4.4 Refraction in a myopic eye
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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.

Grading of myopia

American Optometric Association (AOA) has defined

three grades of myopia:

o Low myopia, when the error is <-3D.

e Moderate myopia, when the error is between-3D
to -6D.

o High myopia, when the error is >-6D.

Clinical varieties of myopia
1. Congenital myopia.
2. Simple or developmental myopia.
3. Pathological or degenerative myopia.
4. Acquired or secondray myopia which occurs secon-
dary to some other disease/factors are as follows:
e post-traumatic,
o post-keratitic,
e drug-induced,
o pseudomyopia,
e space myopia,
e night myopia, and
e consecutive myopia.

I CONGENITAL MYOPIA

o Present since birth, the congenital myopia, is
usually diagnosed by the age of 2-3 years.

o Anisometropia is usually present, hence most of the
time the error is unilateral. Rarely, it may be bilateral.

e High degree of error, about 8 to 10D, is usually
present, which mostly remains constant.

o Convergent squint may develop in order to
preferentially see clear at its far point (which is
about 10-12 cm).

o Associations may include other congenital anom-
alies such as cataract, microphthalmos, aniridia,
megalocornea, and congenital separation of retina.

e Early correction of congenital myopia is desirable.

B 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. Overall reported
prevalence is 20-40% of population. Since, the sharpest
rise occurs at school going age i.e., between 8 years 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
prevalence 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 features

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 error. Simple myopia usually
occurs between 5 and 10 years 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 is low to moderate that usually does
not exceed -6D.

Diagnosis

Diagnosis is confirmed by performing refraction (see
page 570).

B 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
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results in high myopia (>-6D) during early adult
life which is usually associated with degenerative
changes in the eye. It is less common (about 2% of
population).

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, (iii) uncommon among Negroes, Nubians and
Sudanese and (iv) more common in women than
men. Autosomal dominant pathological myopia has
been linked to genes 18p11.31 and 12q21.23.

Itis 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 deficiency, debilitating
diseases, endocrine disturbances and indifferent
general health) which affect the general growth
process will also influence the progress of myopia.

Etiological hypothesis for pathological myopia is
summarised in Fig. 4.5.

Genetic factors
(play major role)

General growth process
(plays minor role)

More growth of retina

Stretching of sclera

— Increased axial length
— Degeneration of choroid
— Degeneration of retina
— Degeneration of vitreous

Features of
pathological
myopia

Fig. 4.5 Etiological hypothesis for pathological myopia

Clinical features

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 by
many patients. These occur due to degenerated
liquefied vitreous.

3. Night blindness may be complained by very high
myopes having marked degenerative changes.

Signs

1. Prominent eyeballs. 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. 4.6).

2. Cornea is large.

3. Anterior chamber is deep.

4. Pupils are slightly large and react sluggishly to light.

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. 4.7). 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.

Fig. 4.6 Elongation of the eyeball posterior to equator in
pathological myopia
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Fig. 4.7 Myopic crescent

b. Degenerative changes in retina and choroid are
common in progressive myopia (Fig. 4.8). These are
characterized by:

o Chorioretinal atrophic patches at the macula with
a little heaping up of pigment around them.

o Foster-Fuchs’ spot (dark red circular patch due
to sub-retinal neovascularization and choroidal
haemorrhage) may be present at the macula.

o Cystoid degeneration may be seen at the periphery.

o Lattice degeneration and or snail track lesions with
or without retinal holes/tears may be present;
which later may be complicated by retinal
detachment.

o Total retinal atrophy, particularly in the central
area may occur in an advanced case.

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.

Foster-Fuch’s
spot

Peripapillary
and macular
degeneration

Fig. 4.8 Fundus changes in pathological myopia

6. Visual fields may show contraction and in some
cases ring scotoma may be seen.

7. ERG may reveal subnormal electroretinogram due
to chorioretinal atrophy.

Complications

o Retinal detachment,

o Complicated cataract,

e Vitreous haemorrhage,

e Choroidal haemorrhage,

Strabismus fixus convergence, and

« Primary open angle glaucoma, not a complication,
but is a reported association.

Treatment of myopia
1. Optical treatment of myopia constitutes prescription
of appropriate concave lenses, so that clear image is
formed on the retina (Fig. 4.9).
= 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.
= 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 has become very

popular now-a-days (for details see page 52).

3. General measures empirically believed to affect the

progress of myopia (unproven usefulness) include:

o Balanced diet rich in vitamins and proteins.

o Early management of associated debilitating
disease.

o Visual hygieneis very importantto avoid asthenopic
symptoms. Care should be taken for proper
posture and adequate illumination, especially
for near work. Clarity of the print should be good

Fig. 4.9 Refraction in a myopic eye corrected
with concave lens
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and continuous reading especially, at night hours,
should be avoided to prevent undue ocular fatigue.
o Avoidance of outdoor sports and strenuous activities
is advised to reduce the risk of ocular trauma and
consequent complication of retinal detachment.
4. Low vision aids (LVA) are indicated in patients with
progressive myopia having 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.

ASTIGMATISM

Astigmatism is a type of refractive error wherein
the refraction varies in different meridia of the eye.
Consequently, the rays of light entering the eye
cannot converge to a point focus but form focal lines.
Broadly, there are two types of astigmatism: regular
and irregular.

I REGULAR ASTIGMATISM

The astigmatism is regular when the refractive power
changes uniformly from one meridian to another
(i.e., there are two principal meridians).

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:

o Curvatural due to abnormalities of curvature of
lens as seen in lenticonus.

o Positional due to tilting or oblique placement of
lens as seen in subluxation.

o Index astigmatism may occur rarely due to variable
refractive index of lens in different meridian.

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 meridians, regular astigmatism can be
classified into the following types:

1. With-the-rule astigmatism (WTR). In this type the two
principal meridians are placed at right angles to one
another but the vertical meridian is more curved than
the horizontal. Thus, correction of this astigmatism will
require the concave cylinder 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 probably by the pressure of eyelids).

2. Against-the-rule astigmatism (ATR) refers to an
astigmatic condition in which the horizontal
meridians is more curved than the vertical meridian.
Therefore, correction of this astigmatism will require
the prescription of convex cylindrical lens at 180° +
20° or concave cylindrical lens at 90° + 20° axis.

3. Oblique astigmatism is a type of regular astigmatism
where the two principal meridians are not the
horizontal and vertical though these are at right angle
to one another e.g., 45° and 135°.

4. Bioblique astigmatism. In this type of regular
astigmatism the two principal meridians are not at
right angle to each other e.g., one may be at 30° 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.

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. 4.10) is as follows:

o 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.

o 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.

o Atpoint 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.
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Fig. 4.10 Sturm’s conoid
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o Atpoint 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.

o At point E, the divergence of vertical rays is more
than the convergence of horizontal rays; so, the
section here is a vertical oval.

o 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.

e 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.

e Focal interval of Sturm refers to the distance
between the two foci (B and F).

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. 4.11A) or behind (simple
hypermetropic astigmatism, Fig. 4.11B) the retina in
the other meridian.

2. Compound astigmatism. In this type, the rays of
light in both the meridians are focused either in front
or behind the retina and the condition is labelled
as compound myopic or compound hypermetropic
astigmatism, respectively (Figs. 4.11C 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. 4.11E).
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. 4.10).

Clinical features

Symptoms

1. Asthenopia (tiredness of eyes relieved by closing
the eyes) characterised by difficulty in focussing,
transient blurred vision, dull ache in eyes,
frontal headache and sometimes nausea and
even drowsiness is especially marked in low
astigmatism <1D.

2. Blurred vision and defective vision is reported
when the astigmatism is > 1D.

3. Elongation of objects proportionate to the degree
and type of astigmatism may be noticed in high
astigmatism.

4. Keeping the reading material close to the eyes may
be needed to achieve large but blurred retinal
image.

Fig. 4.11 Types of astigmatism : (A) simple myopic;
(B) simple hypermetropic; (C) compound myopic; (D)
compound hypermetropic; and (E) mixed

Signs

1. Half closure of the lid. Like myopes, the astigmatic
patients may half shut the eyes to achieve the
greater clarity of stenopaeic vision.

2. 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.

3. Oval or tilted optic disc may be seen on ophth-
almoscopy in patients with high degree of
astigmatism.
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4. Different power in two meridians is revealed on
retinoscopy or autorefractometry.

Investigations

1. Retinoscopy reveals different power in two
different axes.

2. Keratometry. Keratometry and computerized
corneal topography reveal different corneal
curvature in two different meridians in corneal
astigmatism.

3. Astigmatic fan test (see page 577) and

4. Jackson'’s cross cylinder test (see page 577).

These tests are useful in confirming the power and

axis of cylindrical lenses.

Treatment

1. Optical treatment of regular astigmatism comprises

the prescription of appropriate cylindrical lens,

discovered after accurate refraction.

o Spectacles with full correction of cylindrical power
and appropriate axis should be used for distance
and near vision.

o Contact lenses. Rigid contact lenses may correct
upto 2-3D 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 54).

I IRREGULAR ASTIGMATISM

Itis characterized by an irregular change of refractive
power in different meridians. There are multiple
meridians 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 in patients with cataract.

Clinical features

Symptoms of irregular astigmatism include:
« Defective vision,

« Distortion of objects, and

« Polyopia (seeing multiple images).

Signs depicted on investigations are as below:

e Retinoscopy reveals irregular pupillary reflex.

o Slit-lamp examination may reveal corneal
irregularity or Keratoconus.

e Placido’s disc test reveals distorted circles (see
page 501).

e Photokeratoscopy and computerized corneal
topography give photographic record of irregular
corneal curvature.

Treatment

1. Optical treatment of irregular astigmatism consists
of contactlens 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 or deep anterior lamellar keratoplasty
(DALK).

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 1D in two eyes causes a
2% difference in the size of the two retinal images. A
difference up to 5% in retinal images of two eyes is
well tolerated. In other words, an anisometropia up
to 2.5D is well tolerated and that between 2.5 and
4D can be tolerated depending upon the individual
sensitivity. However, if it is more than 4D, 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
asymmetric age change, 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.
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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.

Status of binocular vision in anisometropia

Three possibilities are as follows:

1. Binocular single vision is present in small degree
of anisometropia (less than 3D).

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 hyperme-
tropic and the other myopic. The hypermetropic
eye is used for distant vision and myopic for near
vision.

Diagnosis

Diagnosis of anisometropia is made after retinoscopic
examination and/or autorefractometry in patients
with defective vision.

Treatment

1. Spectacles. The corrective spectacles can be
tolerated up to a maximum difference of 4D. 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:

o Intraocular lens-implantation for uniocular
aphakia.

e Refractive corneal surgery for unilateral high
myopia, astigmatism and hypermetropia.

o Phakic Refractive Lenses (PRL) and Refractive
Lens Exchange (RLE) are quite useful in very high
degree anisometropia.

Note. Efforts should be made to fully correct the

anisometropia in children to prevent anisometropic

amblyopia. In adults with amblyopia under
correction of more ametropic eye may be required
to avoid ocular discomfort.

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% aniseikonia is well tolerated.

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 pointin 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.

Clinical types

Clinically, aniseikonia may be of different types (Fig.
4.12):

1. Symmetrical aniseikonia

a. Spherical, image may be magnified or minified
equally in both meridians (Fig. 4.12A).

b.Cylindrical, image is magnified or minified
symmetrically in one meridian (Fig. 4.12B).

2. Asymmetrical aniseikonia

a. Prismatic. In this image, difference increases
progressively in one direction (Fig. 4.12C).

b. Pincushion. In this image, distortion increases
progressively in both directions, as seen with
high plus correction in aphakia (Fig. 4.12D).

c. Barrel distortion. In this image, distortion
decreases progressively in both directions, as
seen with high minus correction (Fig. 4.12E).

d. Oblique distortion. In this, the size of image is
same, but there occurs an oblique distortion of
shape (Fig. 4.12F).

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%.

3. Difficulty in depth perception is often noticed.

Treatment

1. Optical aniseikonia may be corrected by aniseikonic
glasses, contactlenses or intraocular lenses or other
refractive surgery depending upon the situation.

2. Retinal aniseikonia may be corrected by treating
the cause.

3. Cortical aniseikonia is very difficult to treat.

I ACCOMMODATION AND ITS
ANOMALIES

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.
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Fig. 4.12 Types of aniseikonia: A, spherical; B, cylindrical; C, prismatic; D, pin cushion;
E, barrel distortion; F, oblique distortion

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. 4.13). This mechanism is called
accommodation. In this increase in the power of
crystalline lens occurs due to increase in curvature
of its surfaces (Fig. 4.14).

Atrest the radius of curvature of anterior surface
of the lens is 10 mm and that of posterior surface is
6 mm (Fig. 4.14A). During accommodation, curvature
of the posterior surface remains almost the same
but that of anterior surface changes. In strong
accommodation radius of curvature of anterior
surface also becomes 6 mm (Fig. 4.14B).

Mechanism of accommodation

According to von Helmholtz’s capsular theory the
process of accommodation is achieved by a change
in the shape of lens as below:

When the eye is at rest (unaccommodated), the ciliary
ring is large and keeps the zonules tense. Because of
zonular tension the lens is kept compressed (flat) by
the capsule (Fig. 4.14A).

Fig. 4.13 Effect of accommodation on divergent rays
entering the eye

Fig. 4.14 Changes in the crystalline lens during
accommodation

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. 4.14B). The lens
assumes conoidal shape due to configuration of the
anterior lens capsule which is thinner at the centre
and thicker at the periphery.
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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. These vary with the

static refraction of the eye as shown below (Fig. 4.15):

o In an emmetropic eye far point is infinity (Fig.
4.15A) and near point varies with age.

o In hypermetropic eye far point is virtual and lies
behind the eye (Fig. 4.15B).

o In myopic eye, it is real and lies in front of the eye
(Fig. 4.15C).

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.

= Amplitude of accommodation and thus the near
point of vision (punctum proximum) vary with age.
Rough estimate is depicted in Table 4.1.

Fig. 4.15 Far point in (A) emmetropic eye;
(B) hypermetropic eye; (C) myopic eye

Table 4.1 Rough estimate of amplitude of
accommodation and near point at different ages

accommodation cms
10 14D 7
20 10D 10
30 07D 14
40 04D 25
50 02D 50
60 01D 100

ANOMALIES OF ACCOMMODATION

Anomalies of accommodation are not uncommon.
These include:

o Presbyopia,

e Insufficiency of accommodation,

o Paralysis of accommodation, and

e Spasm of accommodation.

I 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.
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/c
(dioptric power needed to see clearly at far point)
i.e., A (at age 10) = 14 dioptres;
Similarly A (at age 40) = % LI dioptres.
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, 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:

o Decrease in the elasticity of lens capsule, and

e 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:

e Uncorrected hypermetropia.

o Premature sclerosis of the crystalline lens.

¢ General debility causing presenile weakness of
ciliary muscle.

o 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.

3. Intermittent diplopia, occurring due to disturbed
relationship between accommodation and
convergence, may be experienced by few patients.

Treatment

1. Optical treatment. The treatment of presbyopia is

the prescription of appropriate convex glasses for

near work.

Rough guide for providing presbyopic glasses in an

emmetrope can be made from the age of the patient.

e 45years:+1to+1.25D

e 50years:+1.5t0 1.75D

e 55years: +2to +2.25D

e 60years:+2.5to+ 3D

Exact presbyopic addition required, should however,

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:

o Always find out refractive error for distance and
first correct it.

« Find out the presbyopic correction needed in each
eye separately and add it to the distant correction.

o Near point should be fixed by taking due consi-
deration for profession of the patient.

o 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, i.e. progressive (see page 55).

2. Surgical treatment of presbyopia is also being
considered (see page 55).

I 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 the
blurring of vision.

Treatment

1. Treatment of underlying cause is essential.

2. Near vision spectaclesin 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.

I PARALYSIS OF ACCOMMODATION
Paralysis of accommodation also known as cycloplegia
refers to complete absence of accommodation.

Causes

1. Druginduced cycloplegia results due to the effect of
atropine, homatropine or other parasympatholytic
drugs.

2. Paralytic 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 is the main complaint
in previously emmetropic or hypermetropic
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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. Abnormal receding of near point and markedly
decreased range of accommodation may be
required on assessment.

Treatment

1. Self-recovery occurs in drug-induced cycloplegia
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 thatimpairs
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
Itis made with refraction under atropine cycloplegia.

Treatment

1. Relaxation of ciliary muscle by atropine for 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 should
be given.

DETERMINATION OF REFRACTIVE
ERRORS

The procedure of determining refractive errors is
termed as clinical refraction.

Methods of refraction
1. Objective refraction methods includes:
o Retinoscopy,
 Autorefractometry, and
o Photorefraction.
2. Subjective refraction steps include:
e Monocular subjective refraction,
« Binocular balancing, and
« Correction for near vision.
(for details see chapter 25 page 576)

CORRECTION OF REFRACTIVE
ERRORS

Modes of correcting refractive errors include:
o Spectacles,

o Contactlenses and

 Refractive surgery.

SPECTACLES

The lenses fitted in a frame constitute the spectacles.
Itisa common, cheap and easy method of prescribing
corrective lenses in patients with refractive errors
and presbyopia. Some important aspects of the
spectacles are described here:

Lens materials
Broadly the lens material can be either glass or plastic.

1. Glass lenses

Glass lenses are in use for spectacles since long.
Mostly crown glass, with refractive index of 1.5223
is used.

Problems with glass lenses include:

« Shattering on impact, and

e Thicker and heavy, especially in high powered
lenses, due to lower refractive index.

2. Plastic lenses

Plastic lenses being break resistance and light weight
have become more popular. Various materials used
are:

Resin lenses or CR-39 plastic lenses made of an allye
resin with refractive index of 1.49 are good alternative
to crown glass lenses. These are light, unbreakable
but less scratch resistant and thus need protective
coating. Further, because of low refractive index,
these lenses are a bit thicker.

High index plastic lenses (refractive index 1.55 to
1.74) being thinner are preferred especially for high
powered spectacles. Various plastic materials with high
refractive index include polyurethane (Hyperindex),
co-polymer (RLX-light) or allye base (True light).
Polycarbonate, with a refractive index of 1.58, is
another synthetic material used for making lenses.
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Such lenses are thinner, light weight, impact
resistant and also have property of ultraviolet prot-
ection.

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 (-1.25D in the periscopic type
or -6.0D 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 shown in Fig. 4.16 are:
» Two piece bifocals,

o Cemented supplementary wafer,

o Inserted wafer,

o Fused bifocals, and

e Solid bifocals.

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.

A B Cc D E
Fig. 4.16 Bifocal lenses. (A) two-piece; (B) cemented
supplementary wafer; (C) inserted wafer; (D) fused; (E) solid

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% 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

e For proper centring, 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).

o Decentring of the lens is indicated where prismatic
effect is required. One prism dioptre effect is
produced by 1 cm decentring of a 1D lens.

e 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. 4.17).

1. Diameters of the contact lens are as follows:

a. Overall diameter (OD) of the lens is the linear
measurement of the greatest distance across the
physical boundaries of the lens. It is expressed in
millimetres (It should not be confused as being
twice the radius of curvature).
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Fig. 4.17 A contact lens

b. Optic zone diameter (OZ) is the dimension of
the central optic zone of lens which is meant to
focus rays on the retina.

2. Curves of the lens are as follows:

a. 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.

b. 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.

c. 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.

d. Peripheral anterior curve (PAC) is a slope on the
periphery of anterior surface which goes up to
the edge.

e. 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 thelens. 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.

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:

o Hard lenses,

Rigid gas permeable lenses, and

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.

=Disadvantages of PMMA hard contact lenses.

(i) PMMA is practically impermeable to O, 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 O,

permeability they have become popular by the

name of semisoft lenses. Gas permeable lenses are
commonly manufactured from:

o Silicone acrylate a copolymer of PMMA and
silicone containing vinyl monomer.

e 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 (hydroxye-

thylmethacrylate). 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 inability to correct astigmatism of
more than 2 dioptres.

Note. In clinical practice soft lenses are most

frequently prescribed.

Indications of contact lens use

1. Optical indications. Optically contact lenses can

be used by every patient having refractive error,

if so required, for cosmetic purposes. However,

the absolute indications include anisometropia,

unilateral aphakia, high myopia, keratoconus and

irregular astigmatism.

Advantages of contact lenses over spectacles:

o Irregular corneal astigmatism which is not possible
to correct with glasses can be corrected with
contact lenses.
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o Contact lenses provide normal field of vision.

o Aberrations associated with spectacles (such as
peripheral aberrations and prismatic distortions)
are eliminated.

e Binocular vision can be retained in high
anisometropia (e.g., unilateral aphakia) owing to
less magnification of the retinal image.

« Rain and fog do not condense upon contact lenses
as they do on spectacles.

o Cosmetically more acceptable especially by
females and all patients with thick glasses in high
refractive errors.

2. Therapeutic indications are as follows:

o Corneal diseases e.g., non-healing corneal ulcers,
bullous keratopathy, filamentary keratitis and
recurrent corneal erosion syndrome.

e Diseases of iris such as aniridia, coloboma and
albinism to avoid glare.

e In glaucoma as vehicle for drug delivery.

o In amblyopia, opaque contact lenses are used for
occlusion.

e Bandage soft contact lenses are used following
keratoplasty and in microcorneal perforation.

3. Preventive indications include:

e Prevention of symblepharon and restoration of
fornices in chemical burns.

o Exposure keratitis.

o Trichiasis.

4. Diagnostic indications 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 contactlenses); (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)
dry eye 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 textbooks on
contact lenses.

REFRACTIVE SURGERY

Surgery to correct refractive errors has become very
popular. It should be performed after the refractive error
has stabilized; preferably after 20 years of age. Various
surgical techniques in vogue are described below:

B REFRACTIVE SURGERY FOR MYOPIA
A. Cornea based procedures

1. Radial keratotomy (RK)

Radial keratotomy (RK) refers to making deep (90% of
corneal thickness) radial incisions in the peripheral
part of cornea leaving the central 4 mm optical zone
(Fig. 4.18). These incisions on healing; flatten the
central cornea thereby reducing its refractive power.
This procedure gives good correction in low to
moderate myopia (2 to 6 D).

However, because of its disadvantages and
advent of safe techniques (LASIK and PRK) RK is not
recommended presently.
= Disadvantages of RK: (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. Laser ablation corneal procedures

a. Photorefractive keratectomy (PRK). In this
technique, to correct myopia a central optical zone
of anterior corneal stroma is photoablated using
excimer laser (193-nm UV flash) to cause flattening
of the central cornea (Fig. 4.19). Like RK, the PRK also
gives very good correction for -2 to -6 D of myopia.

B

Fig. 4.18 Radial keratotomy. (A) configuration of radial
incisions; (B) depth of incision
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Fig. 4.19 Photorefractive keratectomy (PRK) for myopia
as seen (A) from front; (B) in cross section

b. Laser in-situ keratomileusis (LASIK). In this
technique first a flap of 130-160 micron thickness of
anterior corneal tissue is raised with the help of an
automated microkeratome. Recently, femtosecond
laser is being used for more accurate and smooth
flaps. After creating a corneal flap midstromal
tissue is ablated directly with an excimer laser
beam, ultimately flattening the cornea (Fig. 4.20).
Currently, this procedure is being considered the
refractive surgery of choice for myopia of up to -8 D.

Patient selection criteria are:

o Patients above 20 years of age.

o Stable refraction for at least 12 months.

o Motivated patient.

o Absence of corneal pathology.

o Presence of ectasia or any other corneal pathology
and a corneal thickness less than 450 um is an
absolute contraindication for LASIK..
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Tissue flap Laser sculpts Cornea is
surface flattened
Fig. 4.20 Procedure of laser in-situ keratomileusis
(LASIK)

Advances in LASIK. Recently many advances have
been made in LASIK surgery. Some of the important
advances are:

e Customized (C) LASIK. C-LASIK is based on the
corneal topography and wave front technology.
This technique, in addition to spherical and
cylindrical correction, also corrects the aberrations
present in the eye and gives vision beyond 6/61i.e.,
6/5 or 6/4.

o Femto-LASIK also known as ‘All laser LASIK’ or ‘No
blade LASIK’ refers to the technique in which the
corneal flap is made with the help of femtosecond
laser (rather than the micro keratome) for greater
precision and consistency.

e Custom Femto-LASIK (C F - LASIK ) refers to
corneal topography and wave front guided LASIK
in which corneal flap is made with femtosecond
laser.

o 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 -8 D.

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. Other possible complications include
infection, diffuse lamellar keratitis, dry eye, corneal
ectasia, glare and regression.

3. Refractive lenticule extraction (ReLEx)

Refractive lenticule extraction (ReLEx), also called as
‘All-Femtolaser-Vision-Correction, is a technique in
which alenticule of corneal stroma is extracted with
the help of femtosecond laser. The technique is now
named SMILE (small incision lenticule extraction)
(Fig. 4.21). This technique can correct myopia, with
and without astigmatism, upto 10D.

4. Intercorneal ring (ICR) implantation
Intercorneal ring (ICR) implantation into the
peripheral cornea at approximately 2/3 stromal depth
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Fig. 4.21 Surgical technique of small incision lenticule extraction (SMILE):
A, Creation of lenticule and anterior side-cut; and B, Removal of lenticule

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.

Disadvantages of ICR include unpredictable results
and keratitis.

5. Orthokeratology

Orthokeratology is a non-surgical reversible method
of molding the cornea with overnight wear of unique
rigid gas permeable contact lenses. It is being
considered for correction of myopia upto -5D. It can
be used even in patients below 18 years of age.

B. Lens based procedures

1. Refractive lens exchange. Extraction of clear
crystalline lens (Fucala’s operation) has been
advocated long back for myopia of -16 to -18D,
especially in unilateral cases. Recently, clear lens
extraction with intraocular lens (IOL) implantation
of appropriate power, i.e., refractive lens exchange
(RLE) is being recommended as the refractive
surgery for myopia of more than 12D.

Possible Complications include endophthalmitis,
after cataract and retinal detachment.

2. Phakic refractive lens (PRL) or implantable contact
lens (ICL) is also being considered for correction of
myopia of >8D. In this technique, a special type of
intraocular lens (IOL) is implanted in the anterior
chamber or posterior chamber anterior to the natural
crystalline lens.

Possible Complications include endophthalmitis,
Iridocyclitis, cataract formation and secondary
glaucoma.

I REFRACTIVE SURGERY FOR HYPEROPIA

In general, refractive surgery for hyperopia is not as
effective or reliable as for myopia. However, following
procedures are used:

I. Cornea based procedures

1. Thermal laser keratoplasty (TLK) has been used for
low degree of hyperopia. In this technique, 8 laser
spots are applied in aring at the periphery to produce
central steepening with mid-infrared energy from
Thallium-Holmium-Chromium (THC):YAG laser.
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.

Il. Lens based procedures

1. Phakic refractive lens (PRL) or implantable contact
lens (ICL) is being considered a surgical option for
hyperopia of more than + 4D.

2. Refractive lens exchange (RLE) is a good option for
high hyperopia especially in presbyopic age.

I 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. 4.22). AK can be performed
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Fig. 4.22 Astigmatic keratotomy. (A) showing flat and

deep meridians of cornea; (B) paired transverse incisions

to flatten the steep meridian; (C) showing correction of
astigmatism after astigmatic keratotomy

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 adopted to correct
astigmatism upto 5 D.

4. SMILE procedure can also be adopted to correct
astigmatism.

B MANAGEMENT OF POST-KERATOPLASTY
ASTIGMATISM

1. Selective removal of sutures in steep meridians may

improve varying degrees 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 4-6D.

3. Relaxing incisions combined with compression

sutures may correct astigmatism up to 10D.

4. Corneal wedge resection with suture closure of the

wound may be performed in the flat meridian to

correct astigmatism greater than 10D.

5. LASIK procedure can also be adopted to correct

post-keratoplasty astigmatism.

I REFRACTIVE SURGERY FOR PRESBYOPIA
Refractive surgery for presbyopia, still under trial,
includes:

I. Cornea based procedures

1. Monovision LASIK, i.e., one eye is corrected for
distance and other is made slightly near sighted.

2. Monovision conductive keratoplasty (CK) is being
considered increasingly to correct presbyopia in
one eye (non-dominant). Principle is same as for
correction of hypermetropia (see page 54).

3. Presbyopic bifocal LASIK or 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.

II. Lens based procedures

Multifocal or accommodating IOL implantation after
lens extraction especially in patients with cataract
or high refractive errors (refractive lens exchange)
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. Similarly, monovision with clear
lens extraction and intraocular lens implantation
(refractive lens exchange i.e., RLE) is also being
considered increasingly in presbyopic patients with
associated higher refractive errors.

III. Sclera based procedures

Following scleral expansion procedures are being
tried, but results are controversial.

1. Anterior ciliary sclerotomy (ACS), with tissue barriers
is currently under trial. With initial encouraging
results, multi-site clinical studies are planned for US
and Europe to evaluate this technique.

2. Scleral spacing procedures and scleral ablation with
erbium: YAG laser are other sclera-based procedures
still under trial.

3. Scleral expansion with insertion of intrascleral
segments of collagen or silicone expansion plugs
may help by improving accommodation.
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Diseases of
Conjunctiva

I CHAPTER OUTLINE I

APPLIED ANATOMY
* Parts
e Structure
* Glands
INFLAMMATIONS OF CONJUNCTIVA
* Infective conjunctivitis
— Bacterial
— Chlamydial
— Viral
— Granulomatous
* Allergic conjunctivitis
* Cicatricial conjunctivitis
¢ Toxic conjunctivitis

B APPLIED ANATOMY

Conjunctiva is a translucent mucous membrane
which lines the posterior surface of the eyelids and
anterior aspect of the eyeball. The name conjunctiva
(conjoin: to join) has been given to this mucous
membrane owing to the fact that it joins the eyeball to
thelids. 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.

I PARTS OF CONJUNCTIVA

Conjunctiva can be divided into three parts (Fig. 5.1):

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.

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.

DEGENERATIVE CONDITIONS
* Pinguecula

* Pterygium

* Concretions

* Amyloid degeneration
SYMPTOMATIC CONDITIONS OF CONJUNCTIVA
* Hyperaemia

* Chemosis

* Ecchymosis

* Xerosis

* Discoloration

CYSTS AND TUMOURS

* Cysts of conjunctiva

* Tumours of conjunctiva

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

-
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Fig. 5.1 Parts of conjunctiva and conjunctival glands



60

Section ITII  Diseases of Eye

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
conjunctiva. It can be subdivided into superior,
inferior, medial and lateral fornices.

Structure of conjunctiva

Histologically, conjunctiva consists of three layers
namely, epithelium, adenoid layer, and fibrous layer
(Fig. 5.2).

1. Epithelium. This is a 2-5 layered, non-keratinized
epithilium. It also contains goblet cells which
constitute about 10% of epithelium. The layer of
epithelial cells in conjunctiva varies from region to
region and in its different parts as follows:

Epithelium

pe - oy .
W £2:=—— Adenoid layer
. e £ g
- -
e~
o - i
- Fibrous layer
> p— - -p
ﬂ » -

Superior
fornix

Upper tarsal

- ; Bulbar conjunctiva
conjunctiva

Limbal conjunctiva

Marginal

conjunctiva Corneal epithelium

(not drawn)

Lower tarsal
conjunctiva

B

Fig. 5.2 Microscopic structure of conjunctiva showing three
layers (A), and arrangement of epithelial cells in different
regions of conjunctiva (B)

e Marginal conjunctiva has 5-layered stratified
squamous type of epithelium.

e Tarsal conjunctiva has 2-layered epithelium:
superficial layer of cylindrical cells and a deep
layer of flat cells.

e 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.

e Limbal conjunctiva has again many layered (5 to 6)
stratified squamous epithelium. Limbal stem cells
are present in basal layer of this part.

2. Adenoid layer. It is also called lymphoid layer and
consists of fine connective tissue reticulum in the
meshes of which lie lymphocytes. This layer is 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 fwo types of glands (Fig.

5.1)

1. Mucin secretory glands. These include:

o Goblet cells (the unicellular glands located within
the epithelium),

o Crypts of Henle (present in the tarsal conjunctiva),
and

e 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:

e Glands of Krause, present in subconjunctival
connective tissue of fornices, about 42 in the upper
fornix and 8 in the lower fornix, and

¢ Glands of Wolfring, present along the upper border
of superior tarsus and along the lower border of
inferior tarsus.

Plica semilunaris

Itis 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.
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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.

Blood supply of conjunctiva

Arteries supplying the conjunctiva are derived from

three sources (Fig. 5.3): (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:

o Posterior conjunctival arteries which are branches
from the arterial arcades of the eyelids; and

e 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

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

o A circumcorneal zone of conjunctiva is supplied
by the branches from long ciliary nerves which
supply the cornea.

Posterior
conjunctival
artery
Anterior
Peripheral ciliary artery
arcade
Descending Circulus major
branch
Pscending Circulus minor
branch
Marginal
arcade

Subconjunctival
plexus

Fig. 5.3 Blood supply of conjunctiva

e Rest of the conjunctiva is supplied by the branches
from lacrimal, infratrochlear, supratrochlear,
supraorbital and frontal nerves.

B 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.

Types of Conjunctivitis
Common types of conjunctivitis include:

A. Infective conjunctivitis
1. Bacterial conjunctivitis
« Acute bacterial conjunctivitis
« Hyperacute bacterial conjunctivitis
e Chronic bacterial conjunctivitis
e Angular bacterial conjunctivitis
2. Chlamydial conjunctivitis
e Trachoma
e Adult inclusion conjunctivitis
e Neonatal chlamydial conjunctivitis
3. Viral conjunctivitis
e Adenovirus conjunctivitis
- Epidemic keratoconjunctivitis
- Pharyngoconjunctival fever
o Enterovirus conjunctivitis
Molluscum contagiosum conjunctivitis
Herpes simplex conjunctivitis
Ophthalmia neonatorum (A separate entity)
Granulomatous conjunctivitis
Parinaud oculoglandular syndrome

Gl o e

B. Allergic Conjunctivitis

. Simplex allergic conjunctivitis
Hay fever conjunctivitis (rhino conjunctivitis)
Seasonal allergic conjunctivitis (SAC)

o Perennial allergic conjunctivitis (PAC)

2. Vernal keratoconjunctivitis (VKC)

3. Atopic keratoconjunctivitis

4. Giant papillary conjunctivitis (GPC)

5. Phlyctenular conjunctivitis (PKC)

6. Contact dermoconjunctivitis (drop conjunctivitis)

LI

C. Cicatricial conjunctivitis

e Ocular mucous membrane pemphigoid (OMMP),
o Stevens Johnson syndrome (S]S),

Toxic epidermal necrolysis (TeN), and
 Secondary cicatricial conjunctivitis.

D. Toxic conjunctivitis

A. INFECTIVE CONJUNCTIVITIS

Infective conjunctivitis, i.e., inflammation of the
conjunctiva caused by micro-organisms is the
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commonest variety. This is in spite of the fact that
the conjunctiva has been provided with natural
protective mechanisms in the form of:

o Low temperature due to exposure to air,

o Physical protection by lids,

o Flushing action of tears,

o Antibacterial activity of lysozymes, and

o 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
and epidemics cases. 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:

o Staphylococcus aureusis the most common cause of
bacterial conjunctivitis and blepharoconjunctivitis.

e Staphylococcus epidermidis is an innocuous
flora of lid and conjunctiva. It can also produce
blepharoconjunctivitis.

e Streptococcus pneumoniae (pneumococcus)
produces acute conjunctivitis usually associated
with petechial subconjunctival haemorrhages.
The disease has a self-limiting course of 9-10 days.

o Streptococcus pyogenes (haemolyticus) is virulent
and usually produces pseudomembranous
conjunctivitis.

o Haemophilus influenzae (aegyptius, Koch-Weeks
bacillus). It classically causes epidemics of
mucopurulent conjunctivitis, known as ‘red-eye’
especially in semitropical countries.

e Moraxella lacunata (Moraxella Axenfeld Bacillus)
is most common cause of angular conjunctivitis
and angular blepharoconjunctivitis.

e Pseudomonas pyocyanea is a virulent organism,
which readily invades the cornea.

o Neisseria gonorrhoeae typically produces acute
purulent conjunctivitis in adults and ophthalmia

neonatorum in newborn. Itis capable of invading
intact corneal epithelium.

e Neisseria meningitidis (meningococcus) may
produce mucopurulent conjunctivitis.

e Corynebacterium diphtheriae causes acute
membranous conjunctivitis. Such infections are
not known nowadays.

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:

e Directly through close contact, as airborne
infections or as waterborne infections;

o Vector transmission (e.g., flies);

e 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. Itis 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 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.
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Clinical types of bacterial conjunctivitis
Depending upon the causative bacteria and the
severity of infection, bacterial conjunctivitis may
present in following clinical forms:

 Acute bacterial conjunctivitis,

» Hyperacute bacterial conjunctivitis,

e Chronic bacterial conjunctivitis, and

o Angular bacterial conjunctivitis.

I ACUTE BACTERIAL CONJUNCTIVITIS

Acute bacterial conjunctivitis is characterised by
marked conjunctival hyperaemia and mucopurulent
discharge from the eye. So, clinically, it is called acute
mucopurulent conjunctivitis. It is the most common
type of bacterial conjunctivitis.

Common causative bacteria are: Staphylococcus
aureus, Koch-Weeks Bacillus, Pneumococcus and
Streptococcus. Mucopurulent conjunctivitis generally
accompanies exanthemata such as measles and
scarlet fever.

Clinical features

Symptoms

o Discomfort, foreign body, grittiness, blurring and
redness of sudden onset (due to engorgement of
vessels) are the usual presenting symptoms.

o Mild photophobia, i.e., difficulty to tolerate light.

o Mucopurulent discharge from the eyes.

o Sticking together of lid margins with discharge
during sleep.

o Slight blurring of vision due to mucous flakes in
front of cornea.

e Coloured halos, may be complained by some
patients due to prismatic effect of mucus present
on cornea.

Signs (Fig. 5.4)
e Flakes of mucopus seen in the fornices, canthi and
lid margins is a critical sign.

Fig. 5.4 Signs of acute mucopurulent conjunctivitis

o 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.

e Chemosis, i.e., swelling of conjunctiva.

e Papillae of fine type may be seen.

e Petechial haemorrhages are seen when the
causative organism is Pneumococcus.

e Cilia are usually matted together with yellow
Ccrusts.

e Eyelids may be slightly oedematous.

Clinical course. Mucopurulent conjunctivitis is usually
bilateral, although one eye may become affected 1-2
days before the other. The disease usually reaches its
heightin 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 superficial punctate epitheliopathy,
marginal corneal ulceration, superficial keratitis,
blepharitis, or dacryocystitis.

Differential diagnosis

1. From other causes of acute red eye (see page 158
and Table 8.1).

2. From other types of conjunctivitis. It is made
out from the typical clinical feature of disease
and is confirmed by conjunctival cytology and
bacteriological examination of secretions and
scrapings (Table 5.1).

Treatment

1. Topical antibiotics to control the infection constitute
the main treatment of acute bacterial 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 spectrum antibiotics. Therefore, treatment
may be started with chloramphenicol (1%), or
gentamicin (0.3%), or tobramycin 0.3% or framycetin
0.3% eye drops 3-4 hourly in day and ointment used
atnight 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 quinolone antibiotic drops such as ciprofloxacin
(0.3%), ofloxacin (0.3%), gatifloxacin (0.3%) or
moxifloxacin (0.5%) 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
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Table 5.1 Differentiating features of common types of conjunctivitis

(A) CLINICAL SIGNS

1. Congestion Marked
2. Chemosis 1
3. Subconjunctival haemorrhages  +
4. Discharge Purulent or
mucopurulent
5. Papillae £
6. Follicles -
7. Pseudomembrane +
8. Pannus -
9. Preauricular lymph nodes +
(B) CYTOLOGICAL FEATURES
1. Neutrophils +
2. Eosinophils -
3. Lymphocytes -
4. Plasma cells -
5. Multinuclear cells -
6. Inclusion bodies:
Cytoplasmic -
Nuclear -
7. Micro-organisms i

advocated earlier) is, however, contraindicated as
it will wash away the lysozyme and other protective
proteins present in the tears.

3. Dark goggles should be used to prevent photo-
phobia.

4. No bandage should be applied in patients with
mucopurulent conjunctivitis. Exposure to air keeps
the temperature of conjunctival cul-de-saclowwhich
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.

5. No steroids should be applied, otherwise infection
will flare up and bacterial corneal ulcer may develop.
6. 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.

Preventive measures to reduce risk of transmission to the

close contacts include:

o Frequent handwashing, and

e Avoidance of sharing towel, handkerchief and
pillow with others.

@ HYPERACUTE BACTERIAL CONJUNCTIVITIS
Hyperacute bacterial conjunctivitis also known as
acute purulent conjunctivitis or acute blenorrhea is
characterised by a violent inflammatory response.

Moderate Mild to moderate Moderate
+ Sis +

aE = =

Watery Ropy/ watery Mucopurulent
= ++ £

+ - ++

+ = =

- - (Exceptvernal) +

AR — +

+ (Early) - +

—_ + —

3 — +

= = A

+ —_ —_

+ (Pox) - 3

+ (Herpes) - -

It occurs in two forms:
1. Adult purulent conjunctivitis, and
2. Ophthalmia neonatorum in newborn (see page 76).

Hyperacute Conjunctivitis of Adults
(Gonococcal Conjunctivitis)

Etiology

The disease affects adults, predominantly males.
Gonococcal infection directly spreads from
genitals to eye. Presently, incidence of gonococcal
conjunctivitis has markedly decreased.

Clinical feature
Onset is hyperacute (12 to 24 hours)

Symptoms include:

e Pain which is moderate to severe,

e Purulent discharge, which is usually copious, and
 Swelling of eyelids, which is usually marked.

Signs are as follows (Fig. 5.5):

e Eyelids are tense and swollen.

o Tenderness is marked.

e Dischargeis thick purulent, copius trickling down
the cheeks.

o Conjunctiva shows marked chemosis, congestion
and papillae, giving bright red velvety appearance.
Frequently, a pseudomembrane may be seen on
the conjunctival surface (Fig. 5.6).



Chapter 5 Diseases of Conjunctiva

65

Fig. 5.6 Pseudomembranous conjunctivitis

e Preauricular lymph nodes are usually enlarged
and tender.

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, butis 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.

Any of the following regimes can be adopted:

o Third generation cephalosporin such as cefoxitim
1.0 gm or cefotaxime 500 mg IV qid or ceftriaxone

1.0 gm IM qid, all for 5 days; should be preferred
treatment.
e Quinolones such as norfloxacin 1.2 gm orally qid
for 5 days, or
e Spectinomycin 2.0 gm IM for 3 days, may be used
alternatively.
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.
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% eye drops should be instilled
once or twice a day if cornea is involved.
Note. Sexual partner should also be treated with
systemic antibiotics. Further, both the patient and
the sexual partner should be referred for evaluation
of other sexually transmitted diseases.

B CHRONIC BACTERIAL CONJUNCTIVITIS
Chronic bacterial conjunctivitis also known as
‘Chronic catarrhal conjunctivitis’ or ‘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

e Staphylococcus aureus is the commonest cause of
chronic bacterial conjunctivitis.

o 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
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dacryocystitis, chronic rhinitis or chronic upper
respiratory catarrh.

3. As a mild exogenous infection which results from
direct contact, airborne or material transfer of
infection.

Clinical features

Symptoms of simple chronic conjunctivitis include:

e Burning and grittiness in the eyes, especially in
the evening.

e Mild chronic redness in the eyes. Feeling of heat
and dryness on the lid margins.

o Difficulty in keeping the eyes open.

o Mild mucoid discharge especially in the canthi.

o Watering, off and on is often a complaint.

e Feeling of sleepiness and tiredness in the eyes.

Signs. Grossly the eyes look normal but careful

examination may reveal following signs:

o Congestion of posterior conjunctival vessels.

e Mild papillary hypertrophy of the palpebral
conjunctiva.

o Sticky look of surface of the conjunctiva.

o Lid margins may be congested.

Treatment

1. Eliminate predisposing factors when associated.

2. Topical antibiotics such as chloramphenicol,
tobramycin or gentamicin 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.

I ANGULAR BACTERIAL CONJUNCTIVITIS

Itis 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 Axenfield (MA)
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.

. 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.

w

Pathology
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.

Clinical features

Symptoms include:

e Irritation, burning 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 include (Fig. 5.7):

e Hyperaemia of bulbar conjunctiva near the
canthi.

o Hyperaemia of lid margins near the angles.

o Excoriation of the skin around the angles.

o Foamy mucopurulent discharge at the angles is
usually present.

Complications include: blepharitis and shallow
marginal catarrhal corneal ulceration.

Treatment

A. Prophylaxisincludes 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.

Fig. 5.7 Signs of angular conjunctivitis
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CHLAMYDIAL CONJUNCTIVITIS

Chlamydialie 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 5.2.

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.

Etiology

A. Causative organism. Trachoma is caused by a
Bedsonian organism, the Chlamydia trachomatis
belonging to the Psittacosis-lymphogranuloma
trachoma (PLT) group. The organism is epitheliotropic
and produces intracytoplasmic inclusion bodies

called HP bodies (Halberstaedter Prowazek bodies).

Presently, 11 serotypes of Chlamydia (A, B, Ba, C,

D, E, E G, H, J and K) have been identified using

microimmunofluorescence techniques.

e Serotypes A, B, Ba and C are associated with
hyperendemic (blinding) trachoma.

e Serotypes D to K are associated with inclusion
conjunctivitis (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,

Table 5.2 Summary of ocular infections caused by chlamydia

Genus Chlamydia
|
Species C.trachomatis C.lymphogranulomatis C.psittacosis
(TRIC agent) (Humans) (Humans) (Animals)

Serotype A, B,Ba, C D to K L1, L2, L3

\ |
Ocular Hyperendemic  Paratrachoma Lymphogranuloma
disease trachoma (= neonatal venereum

and adult inclusion conjunctivitis
conjuction)
|

Transmission Eye to eye

Genitals to eye

Genitals to eye
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superimposed bacterial infections help in trans-
mission of the disease by increasing the conj-
unctival 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 airborne or waterborne 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 South-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% of the
world’s blindness, being second only to cataract.

Clinical features
Clinical features of trachoma can be described into
two phases:

I. Phase of active trachoma

Phase of active trachoma usually occurs during

childhood due to active chlamydial infection.

e Incubation period of active trachoma varies from
5 to 22 days.

o Onset of disease is usually insidious (subacute),
however, rarely it may present in acute form.

Symptoms

Symptoms of active trachoma are determined by the
absence or presence of secondary bacterial infection
(a very common situation).

=In the absence of secondary infection, a pure
trachoma is characterized by following symptoms:
« Mild foreign body sensation,

¢ Occasional lacrimation,

« Slight stickiness of the lids, and

¢ Scanty mucoid discharge.

Note. The above symptoms are so mild that the
disease is usually neglected.

=In the presence of secondary bacterial infection,
typical symptoms of acute mucopurulent
conjunctivitis develop (see page 63).

Signs

A. Conjunctival signs

1. Congestion of upper tarsal and forniceal
conjunctiva.

2. Conjunctival follicles. Follicles (Figs 5.8 and 5.9)
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
(pathognomonic of trachoma).

=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
follicular conjunctivitis.

Papilla
Follicle
Congestion
Pannus
Herbert's
follicle

Fig. 5.8 Signs of active trachoma (diagrammatic)

Fig. 5.9 Trachomatous inflammation follicular (TF)



Chapter 5 Diseases of Conjunctiva

69

3. Papillary hyperplasia. Papillae are reddish, flat
topped raised areas which give red and velvety
appearance to the tarsal conjunctiva (Fig. 5.10).
Each papilla consists of central core of numerous
dilated blood vessels surrounded by lymphocytes
and covered by hypertrophic epithelium.

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.

3. Progressive pannus i.e., infiltration of the cornea
associated with vascularization is seen in upper
part (Fig. 5.11). The vessels are superficial and lie
between epithelium and Bowman’s membrane.
Later on, Bowman’s membrane is also destroyed.
Pannus in active trachoma is progressive in which
infiltration of cornea is ahead of vascularization
(Fig. 5.11A).

4. Corneal ulcer may sometime develop at the
advancing edge of pannus. Such ulcers are usually
shallow which may become chronic and indolent.

Il. Phase of cicatricial trachoma
Cicatricial phase of trachoma manifests in middle
age. It results due to continued mild grade chronic
inflammation. Infact recurrent infection elicits
chronic immune response consisting of cell-
mediated delayed hypersensitivity (Type IV)
reaction to the intermittent presence of chlamydial
antigen, which is responsible for cicatricial phase of
trachoma. The end stage of cicatricial trachoma is
also referred to as sequelae of trachoma. This phase
is characterized by following clinical features:
A. Conjunctival signs
i. Conjunctival scarring (Fig. 5.12), which may
be irregular, star-shaped or linear. Linear scar

Fig. 5.10 Trachomatous inflammation intense (TI)

Fig. 5.11 Trachomatous pannus: (A) progressive,
(B) regressive (diagrammatic) and (C) clinical photograph

present in the sulcus subtarsalis is called Arit’s
line.

ii. Concretions are hard looking whitish deposits
varying from pin point to 2 mm in size (Fig.
5.13). These are not calcareous deposits, but are
formed due to accumulation of dead epithelial
cells and inspissated mucus in the depressions
called glands of Henle. Hence, the name is
misnomer.

iii. Other conjunctival sequelae include concretions,
pseudocyst, xerosis and symblepharon.

Fig. 5.12 Trachomatous scarring (TS)
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Fig. 5.14 Trachomatous Herbert’s pits

Fig. 5.15 Trachomatous corneal opacity (CO)

. Corneal sign

Regressive pannus (pannus siccus) in which (Fig.
5.11B) vessels extend a short distance beyond the
area of infiltration.

Herbert pits are the oval or circular pitted scars,

¥

Fig. 5.16 Trachomatous trichiasis (TT)

left after healing of Herbert follicles in the limbal
area (Fig. 5.14).

iii. Corneal opacity (Fig. 5.15) may be present in
the upper part. It may even extend down and
involve the papillary area. It is the end result of
trachomatous corneal lesions.

iv. Other corneal sequelae may be corneal ectasia,
corneal xerosis and total corneal pannus (blinding
sequelae).

C. Lid signs. Sequelae in the lids may be trichiasis (Fig.

5.16), entropion, tylosis (thickening of lid margin),

ptosis, madarosis and ankyloblepharon.

D. Lacrimal appratus sequelae may be chronic

dacryocystitis, and chronic dacryoadenitis.

Grading of trachoma

McCallan’s classification

McCallan in 1908, divided the clinical course of the

trachoma into four stages:

o Stagel (Incipient trachoma or stage of infiltration).
It is characterized by hyperaemia of palpebral
conjunctiva and immature follicles.

o Stage 11 (Established trachoma or stage of florid
infiltration). It is characterized by appearance of
mature follicles, papillae and progressive corneal
pannus.

e Stage III (Cicatrising trachoma or stage of
scarring). Itincludes obvious scarring of palpebral
conjunctiva.

o Stage IV (Healed trachoma or stage of sequelae).
The disease is quiet and cured but sequelae due
to cicatrisation, give rise to symptoms.

WHO classification

The latest simplified classification suggested by WHO

in 1987 is as follows (FISTO):

1. TF: Trachomatous inflammation-follicular. 1t is

the stage of active trachoma with predominantly
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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. 5.9). 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. 5.10).

3. TS: Trachomatous scarring. This stage is diagnosed
bythe presence of scarring in the tarsal conjunctiva.
These scars are easily visible as white, bands or
sheets (fibrosis) in the tarsal conjunctiva (Fig.
5.12).

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.
5.16).

5. CO: Corneal opacity. This stage is labelled when
easily visible corneal opacity is present over
the pupil (Fig. 5.15). 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).

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. Clinical diagnosis of trachoma is made from its

typical signs. Clinical grading of each case should

be done as per WHO classification 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 stain or
immunofluorescent staining, specially in cases
with active trachoma.

3. Enzyme-linked immunosorbent assay (ELISA) for
chlamydial antigens.

4. Polymerase chain reaction (PCR) is also useful.

5. 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.

6. Serotyping of TRIC agents is done by detec-
ting specific antibodies using microim-
munofluorescence (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:

e Distribution of follicles in trachoma is mainly on
upper palpebral conjunctiva and upper fornix,
while in EKC lower palpebral conjunctiva and
lower fornix is predominantly involved.

e Associated signs such as papillae and pannus are
characteristic of trachoma.

e Laboratory diagnosis of trachoma helps in
differentiation of clinically indistinguishable cases.

2. Trachoma with predominant papillary hypertrophy

needs to be differentiated from palpebral form of

spring catarrh as follows:

e Papillae are large in size and usually there is typical
cobble-stone arrangement in spring catarrh.

e pH of tears is usually alkaline in spring catarrh,
while in trachoma it is acidic.

e Discharge is ropy in spring catarrh.

e Follicles and pannus may also be present in
trachoma.

o Conjunctival cytology and other laboratory tests
for trachoma usually help in diagnosis in clinically
indistinguishable cases.

Management
Management of trachoma should involve curative as
well as prophylactic measures.

A. Treatment of active trachoma

Antibiotics for treatment of active trachoma may be

given locally or systemically, but topical treatment is

preferred because:

e Itis cheaper,

« There is no risk of systemic side-effects, and

« Local antibiotics are also effective against bacterial
conjunctivitis which may be associated with
trachoma.

Therapeutic regimes recommended are:
1. Topical therapy regimes are best for individual
cases and consist of:
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o Tetracycline (1%) or erythromycin (1%) eye
ointment 4 times a day for 6 weeks, or

o Sulfacetamide (20%) eye drops three times a day
along with 1% tetracycline eye ointment at bed
time for 6 weeks.

2. Systemic therapy regimes include:

o Azithromycin 20 mg/kg body weight up to maximum
1 gm stat or 250 mg od x 4 days. It is presently
considered the first drug of choice. It is not used in
pregnancy and children below 6 years of age.

e Tetracycline or erythromycin 250 mg orally, four
times a day for 3-4 weeks or

e Doxycycline 100 mg orally twice daily for 3-4
weeks.

3. Combined topical and systemic therapy regime. It is

preferred when the ocular infection is severe (TI) or

when there is associated genital infection. Itincludes:

o Tetracycline (1%) or erythromycin eye ointment
4 times a day for 6 weeks; and oral azithromycin
(first choice) tetracycline or erythromycin 250 mg
orally 4 times a day for 2 weeks.

B. Treatment of trachoma sequelae

1. Concretionsshould be removed with a hypodermic
needle.

2. Trichiasis may be treated by epilation, electrolysis
or cryolysis (see page 370).

3. Cicatricial entropion should be corrected
surgically (see page 372).

4. Conjunctival xerosis should be treated by artificial
tears.

C. Prophylaxis for trachoma infection and blindness
Since immunity is very poor and short lived, so
reinfections and recurrences are likely to occur. So,
prophylactic measures are essential.

WHO defines blinding trachoma elimination as:

o TF prevalence, 5% in 1-9 years children, and
« TI prevalence, 1 per 1000 in total population.

SAFE strategy

An action plan has been made to implement the WHO
endorsed SAFE strategy effectively, also adopted by
the alliance for Global Elimination of Trachoma by
2020 (GET 2020), for prophylaxis against trachoma
infection and prevention of blindness.

SAFE strategy includes:

S : Surgery (Tertiary prevention),

A : Antibiotic use (Secondary prevention),

F : Facial hygiene (Primary prevention), and

E: Environmental changes (Primordial prevention).
1. Environmental changes (Primordial prevention).
Flies and other fomites are the common causes of
spread of trachoma. So, environmental sanitation

will constitute the primordial prevention for

trachoma. Recommended environmental sanitation

measures include:

 Provision of water latrines and good water supply
to reduce flies and improve washing habits,

e Refuse dumps,

e Sprays to control flies,

o Animal pens away from human household, and

e Health education to improve personal and
environmental hygiene.

2. Facial hygiene (Primary prevention). Facial hygiene

is critical measure for primary prevention of

trachoma and should include:

o Frequent face wash with clean water to eliminate
the potentially infectious ocular secretions.

e Avoidance of common use of towel, handkerchief,
surma-rods, etc. are important facial hygienic
measures to prevent spread of trachoma infections.

3. Antibiotics for prevention against trachoma

(Secondary prevention). Use of antibiotics constitutes

the secondary prevention against trachoma. Current

WHO recommendations for community-based mass

antibiotic therapy in endemic areas are as below:

i.In areas with 10% or more prevalence of TF in
children 1-9 years or below:

o Oral azithromycin (single dose of 20 mg/kg up
to 1 g), should be administered to all community
members.

o Tetracycline eye ointment twice daily for 6 weeks is
recommended for all pregnant women, children, 6
months and those allergic to macrolides.

o Mass antibiotic therapy should be given once in a
year for continuous three years.

e Reassessment of prevalence should be made
after 3 years and the annual treatment should
be continued till the TF prevalence in 1-9 years
children of that area becomes less than 5%.

ii. In areas with prevalence between more than 5%

and less than 10%, the targeted antibiotic therapy

is recommended only among family members and
close contacts of the patients.

iii. In areas with prevalence less than 5%, treatment

of patients only is recommended.

4. Surgery (Tertiary prevention). Surgery for trichiasis

and entropion constitutes tertiary prevention for

trachomatous corneal blindness. WHO recommends
bilamellar tarsal rotation surgery at community level
for the affected persons.

@ ADULT INCLUSION CONJUNCTIVITIS

Itis a type of acute follicular conjunctivitis associated
with mucopurulent discharge. It usually affects the
sexually active young adults.
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Etiology

e Serotypes D to K of Chlamydia trachomatis are
associated with inclusion conjunctivitis.

o Primary source of infection is urethritis in males
and cervicitis in females.

o 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:

e Ocular discomfort, foreign body sensation,

e Mild photophobia, and

e Mucopurulent discharge from the eyes.

Signs of inclusion conjunctivitis are (Fig. 5.17):

 Conjunctival hyperaemia, more marked in fornices.

o Acute follicular hypertrophy predominantly of
lower palpebral conjunctiva.

e Superficial keratitis in upper half of cornea.
Sometimes, superior micropannus may also occur.

e Pre-auricular lymphadenopathyis a usual finding.

Clinical course. The disease runs a benign course and
often evolves into the chronic follicular conjunctivitis.

Investigations required, their role and status is same
as described above for trachoma.

Differential diagnosis must be made from other
causes of acute follicular conjunctivitis.

Treatment

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:

Fig. 5.17 Signs of acute follicular conjunctivitis

o Azithromycin 1 gm as a single dose repeated after
one week is currently drug of choice, a 3rd dose is
required in 30% cases.

o Tetracycline 250 mg four times a day for 3-4 weeks, or

o Erythromycin 250 mg four times a day for 3-4 weeks
(onlywhen the tetracycline is contraindicated, e.g.,
in pregnant and lactating females), or

e Doxycycline 100 mg twice a day for 1-2 weeks or
200 mg weekly for 3 weeks is an effective alternative
to tetracycline.

3. Referral to genitourinary specialist is mandatory.

Sexual partners should be treated simultaneously.

Attention should also be given to other sexually

transmitted diseases, contact tracing and pregnancy

testing.

Prophylaxis

o Improvement in personal hygiene.

o Regular chlorination of swimming pool water will
definitely decrease the spread of disease.

o Patient's sexual partner should be examined
and treated. Abstinence of sexual contact until
completion of treatment.

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
some viral infections, conjunctival involvement is
more prominent (e.g., pharyngoconjunctival fever),
while in others cornea is more involved (e.g., herpes
simplex).

Viral infections of conjunctiva include:

e Adenovirus conjunctivitis,

o Herpes simplex keratoconjunctivitis,

o Herpes zoster conjunctivitis,

e Molluscum contagiosum conjunctivitis,

o Poxvirus conjunctivitis,

o Myxovirus conjunctivitis,

o Paramyxovirus conjunctivitis, and

o ARBOR virus conjunctivitis.

Clinical presentations of acute viral conjunctivitis
include:

e Acute follicular conjunctivitis, and

e Acute haemorrhagic conjunctivitis.

B ADENOVIRAL CONJUNCTIVITIS

Adenoviruses are the commonest causes of viral
conjunctivitis. These are non-enveloped, double-
stranded DNA viruses, which replicate within
the nucleus of host cells. General reservoir of
adenoviruses is only human.
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Types of adenoviral conjunctivitis include:

« Epidemic keratoconjunctivitis (EKC),

» Nonspecific acute follicular conjunctivitis,
 Pharyngoconjunctival fever (PCF), and
 Chronic relapsing adenoviral conjunctivitis.

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 features

Incubation period after infection is about 8 days and

virus is shed from the inflamed eye for 2-3 weeks.

Symptoms

Symptoms are similar to severe form of acute

catarrhal conjunctivitis and include:

o Redness of sudden onset associated with watering,
usually profuse, with mild mucoid discharge,

¢ Ocular discomfort and foreign body sensation,

o Photophobia, usually mild, becomes marked when
cornea is involved.

Signs

Eyelids are swollen causing narrowing of palpebral

aperture.

Conjunctival signs are:

o Hyperaemia is usually marked and prominent.

o Chemosis of conjunctiva is often present.

o Follicles of small to moderate size typically involving
the lower fornix and palpebral conjunctiva form
the characteristic feature (Fig. 5.18).

Fig. 5.18 Acute follicular adenoviral conjunctivitis

Fig. 5.19 Pseudomembrane and petechial subconjunctival
haemorrhage in acute epidemic keratoconjunctivitis (EKC)

e Papillary reaction may also be seen in many cases.

e Petechial subconjunctival haemorrhages may
be seen in severe adenoviral conjunctivitis (Fig.
5.19).

o Pseudomembrane lining the lower fornix and
palpebral conjunctiva (Fig. 5.19) may be formed
in about 3% patients with severe inflammation.

Corneal involvement occurs in about 80% of cases and

is characterized by following lesions:

e Epithelial microcystic diffuse fine non-staining
lesions are common during the early stage.

o Superficial punctate keratitis (SPK), a typical feature
of EKC (Fig. 5.20), usually occurs after 10 days of
onset of symptoms and lasts for 3 weeks even after
subsidence of conjunctival inflammation.

o Subepithelial infiltrates may develop under the
focal epithelial lesions in 20-50% of cases . These
opacities may be initially disabling and may persist
for months to years.

Pre-auricular lymphadenopathy is associated in

almost all cases of EKC.

Fig. 5.20 Superficial punctate keratitis in EKC
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Differential diagnosis

Epidemic keratoconjunctivitis (EKC) needs to be
differentiated from other causes of acute follicular
conjunctivitis which include:

= Other types of adenoviral keratoconjunctivitis such as:
o Nonspecific acute follicular conjunctivitis, and

o Pharyngoconjunctival fever.

= Acute haemorrhagic conjunctivitis,

= Herpes simplex virus conjunctivitis,

= Systemic viral infections such as herpes zoster
conjunctivitis, measles, mumps and chickunguiya
virus conjunctivitis, and

= Adult inclusion conjunctivitis.

Differentiation is made from:

= Typical clinical features of each entity described.

= [nvestigations are required mainly for research

purposes and in some nonresolving cases, and

include:

o Conjunctival cytology with Giemsa stain shows
predominantly mononuclear cells in adenoviral
conjunctivitis and multinucleated gaint cells in
herpetic conjunctivitis.

e Polymerase chain reaction (PCR) test is sensitive
and specific for viral DNA.

e Point-of-care immunochromatography test takes
only 10 minutes to detect adenoviral antigens in
tears and have excellent sensitivity and specificity.

o Viral cultures are tedious and time consuming with
variable sensitivity but 100% specificity.

Treatment

1. Supportive treatment for amelioration of symptoms

is the only treatment required and includes:

o Cold compresses, and sun glasses to decrease glare,

o Decongestant and lubricant tear drops to decrease
discomfort.

2. Topical antibiotics help to prevent superadded

bacterial infections.

3. Topical antiviral drugs are not beneficial in

adenoviral conjunctivitis. Recently promising results

are reported with adenine arabinosides (Ara-A) and

cidofovir.

4. Topical steroids should not be used during active

inflammation as these may enhance viral replication

and extend the period of infectivity. Weak steroids

such as fluorometholone or loteprednol (0.5%) are

indicated in patients with subepithelial infiltrates,

and in those with membrane formation.

Prevention of spread of infection to the contacts

It is very important as the adenoviral conjunctivitis
is highly contagious and patients may be infectious
for up to 11 days after onset.

Transmission usually occurs:

« From eye to fingers to eyes.

o Tonometers, contact lenses and eye drops are other
routes of transmission.

Preventive measures include:

o Frequent handwashing,

¢ Relative isolation of infected individual,

¢ Avoiding eye rubbing and common use of towel or
handkerchief sharing, and

e Disinfection of ophthalmic instruments and
clinical surfaces after examination of a patient is
essential.

Nonspecific Acute Follicular Conjunctivitis

o Mostcommon form of acute follicular conjunctivitis.

e Caused by adenovirus serotypes 1 to 11 and 19.

e Clinical features are of milder form of acute
follicular conjunctivitis. Corneal involvement is
not known.

o Treatment and preventive measures are similar to
as described for EKC.

Pharyngoconjunctival Fever (PCF)
Etiology. It is an adenoviral infection commonly
associated with subtypes 3 and 7.

Clinical features. Pharyngoconjunctival fever

primarily affects children and appears in epidemic

form. It is characterised by an:

e Acute follicular conjunctivitis, associated with
pharyngitis.

« Fever and pre-auricular lymphadenopathy.

o Corneal involvement in the form of superficial
punctate keratitis is seen only in 30% of cases.

Treatment is usually supportive as described for EKC.

Newcastle Conjunctivitis

Etiology. It is a rare type of acute follicular conjunc-
tivitis 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 pharyngo-
conjunctival 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
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infections, may also involve the eyes in adults as well
as children, though rarely.

Clinical features

Acute herpetic follicular conjunctivitis is usually
a unilateral affection with an incubation period of
3-10days. It may occur in two clinical forms—typical
and atypical.

e In typical form, the follicular conjunctivitis is
usually associated with other lesions of primary
infection such as vesicular lesions of face and lids.

o 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 no-
specific hyperaemia, follicular hyperplasia and
pseudomembrane formation.

e 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.

e Preauricular lymphadenopathy occurs almost
always.

Treatment

Primary herpetic infection is usually self-limiting.

o The topical antiviral drugs control the infection
effectively and prevent recurrences.

o Supportive measures are similar to EKC.

B ACUTE HAEMORRHAGIC CONJUNCTIVITIS
Itisan acuteinflammation 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 features

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
Xl spacecraft was launched, hence the name ‘Apollo
conjunctivitis!
o Incubation period of EHC is very short (1-2 days).
o Symptoms include pain, redness, watering, mild
photophobia, transient blurring of vision and lid
swelling.

Fig. 5.21 Acute haemorrhagic conjunctivitis

« Signsof EHC are conjunctival congestion, chemosis,
multiple haemorrhages in bulbar conjunctiva,
mild follicular hyperplasia, lid oedema and pre-
auricular lymphadenopathy (Fig. 5.21).

o Corneal involvement may occur in the form of fine
epithelial keratitis.

Treatment

EHC is very infectious and poses major potential

problems of cross-infection.

o Prophylactic measures are very important and are
same as described for EKC.

o No specific effective curative treatment is known.
However, broad-spectrum antibiotic eyedrops
may be used to prevent secondary bacterial
infections.

o Usually the disease has a self-limiting course of 7
days.

o Supportive measures are same as EKC.

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 (in older
days silver nitrate was the common cause) or
antibiotics used for prophylaxis.

2. Gonococcal infection was considered a serious
disease in the past, as it used to be responsible
for 50% 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-1I virus.

Clinical features

Incubation period
It varies depending on the type of the causative agent
as shown below:

Causative agent Incubation period

e Chemical 6 hours

» Gonococcal 4 days

o Other bacterial 5 days

« Neonatal inclusion 21 days
conjunctivitis

e Herpes simplex 15 days

Symptoms and signs

1. Pain and tenderness in the eyeball.

2. Conjunctival discharge. Itis purulent in gonococcal
ophthalmia neonatorum (Fig. 5.22) and mucoid
or mucopurulent in other bacterial cases and
neonatal inclusion conjunctivitis.

3. Lids are usually swollen in infective cases.
Eyelids and periocular vesicles may occur in HSV
infection.

4. Conjunctiva may show hyperaemia and chemosis.
There might be mild papillary response in

Fig. 5.22 Gonococcal ophthalmic neonatorum

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.

e Deliveries should be conducted under hygienic
conditions taking all aseptic measures.

e The newborn baby’s closed lids should be
thoroughly cleansed and dried.

3. Postnatal measures include:

o Povidon- iodine 2.5% solution is effective against
the common pathogens.

o Use of either 1% tetracycline ointment or 0.5%
erythromycin ointment into the eyes of the
babies immediately after birth are useful for
preventing bacterial and chalamydial ophthalmia
neonatorum.

« Single injection of ceftriaxone 50 mg/kgIM or IV (not
to exceed 125 mg) should be given to infants born to
mothers with untreated gonococcal infection.

Note. In the past 1% silver nitrate solution was putin
the eyes of babies immediately after birth (Crede’s
method). It is mentioned here just for the historical
value.
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B. Curative treatment. As arule, conjunctival cytology

samples and culture sensitivity swabs should be

taken before starting the treatment.

1. Chemical ophthalmia neonatorumis a self-limiting

condition, and does not require any treatment.

2. Gonococcal ophthalmia neonatorum needs

prompt treatment to prevent complications.

a. Topical therapy should include:

e Saline lavagehourly till the discharge is eliminated.

e 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 halfhourly till the infection is controlled.

e If cornea is involved then atropine sulphate
ointment should be applied.

b. Systemic therapy. Neonates with gonococcal

ophthalmia should be treated for 7 days with one of

the following regimes.

o Ceftriaxone 75-100 mg/kg/day IV or IM, qid or

o Cefotaxime 100-150 mg/kg/dayIV orIM, 12hourly or

o Ciprofloxacin 10-20 mg/kg/day or norfloxacin 10
mg/kg/day or

o Ifthe gonococcalisolate 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 for 2 weeks by broad-spectrum antibiotic

drops and ointments such as neomycin-bacitracin

or tobramycin.

4. Neonatal inclusion conjunctivitis responds well

to topical tetracycline 1% or erythromycin 0.5%

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 self-

limiting disease. However, topical antiviral drugs

control the infection more effectively and may

prevent the recurrence. High dose intravenous

acyclovir is indicated in cases suspected of systemic

herpes infection.

GRANULOMATOUS CONJUNCTIVAL
INFLAMMATIONS

Granulomatous inflammations of the conjunctiva are
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:

o Tuberculosis of conjunctiva

e Sarcoidosis of conjunctiva

o Syphilitic conjunctivitis

o Leprotic conjunctivitis

o Conjunctivitis in tularaemia

e Ophthalmia nodosa

[ PARINAUD’S OCULOGLANDULAR
SYNDROME

Itis the name given to a group of conditions charact-

erised by:

o Unilateral granulomatous conjunctivitis (nodular
elevations surrounded by follicles),

e Pre-auricular lymphadenopathy, and

o Fever.

Common causes are tularaemia, cat-scratch disease,

tuberculosis, syphilis and lymphogranuloma

venereum.

Note. This term (Parinaud’s oculoglandular

syndrome) is largely obsolete, since the infecting

agents can now be usually determined.

[ OPHTHALMIA NODOSA (CATERPILLAR HAIR
CONJUNCT IVITIS)

Itis agranulomatous inflammation of the conjunctiva

characterized by:

e 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.

e The condition may be often mistaken for a
tubercular nodule. Histopathological examination
reveals hair surrounded by giant cells and
lymphocyte.

Treatment consists of excision biopsy of the nodule.

B. 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

o Seasonal allergic conjunctivitis (SAC)
o Perennial allergic conjunctivitis (PAC)
2. Vernal keratoconjunctivitis (VKC)

3. Atopic keratoconjunctivitis (AKC)

4. Giant papillary conjunctivitis (GPC)
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5. Phlyctenular keratoconjunctivitis (PKC)
6. Dermatoconjunctivitis (ADC)

B SIMPLE ALLERGIC CONJUNCTIVITIS

It is a mild, nonspecific allergic conjunctivitis
characterized by itching, hyperaemia and mild
papillary response. Basically, it is an acute or subacute
urticarial reaction.

Etiology

Simple allergic conjunctivitis, is a type-I immediate
hypersensitivity reaction mediated by IgE and
subsequent mast cell activation, following exposure
of ocular surface to airborne allergens. Family
history of atopy might be present. Simple allergic
conjunctivitis is known to occur in two forms:

1. Seasonal allergic conjunctivitis (SAC). SAC is a
response to seasonal allergens such as tree and grass
pollens. It is of very common occurrence and may be
associated with hay fever (allergic rhinitis) and also
known as hay fever conjunctivitis. It manifest as acute
allergic conjunctivitis.

2. Perennial allergic conjunctivitis (PAC) is a response
to perennial allergens such as house dust, animal
dander and mite. It is not so common. The onset
is subacute, the condition is chronic in nature and
occurring all through the year.

Pathology

Pathological features of simple allergic conjunctivitis

comprise vascular, cellular and conjunctival

responses.

1. Vascular responseis characterised by sudden and
extreme vasodilation and increased permeability
of vessels leading to exudation.

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.

Clinical features

Symptoms

o Intense itching and burning sensation in the eyes

associated with

o Watery mucus, stringy discharge, and

o Mild photophobia.

Signs

o Hyperaemia and chemosis which give a swollen

juicy appearance to the conjunctiva.

e Mild papillary reaction may be seen on palpebral
conjunctiva.
e Oedema of lids is often present.

Diagnosis

Diagnosis is made from:

« Typical symptoms and signs,

e Normal conjunctival flora, and

« Presence of abundant eosinophils in the discharge.

Treatment

1. Elimination of allergens if possible.

2. Topical vasoconstrictors like naphazoline,
antizoline and tetrahydrozoline provide imm-
ediate decongestion.

3. Artificial tears like carboxymethyl cellulose
provide soothing effect.

4. Mast cell stabilizers such as sodium cromoglycate
and nedocromil sodium are very effective in
preventing recurrences in atopic cases.

5. Dual action antihistamines and mast cell stabilizers
such azilastine, olopatidine and ketotifen are very
effective for exacerabations.

6. Steroid eyedrops should be avoided. However,
these may be prescribed for short duration in
severe and non-responsive patients.

7. Systemic antihistaminic drugs are useful in acute
cases with marked itching.

8. Desensitization has been tried without much
rewarding results. However, a trial may be given
in recurrent cases.

I VERNAL KERATOCONJUNCTIVITIS (VKC) OR
SPRING CATARRH

VKCis arecurrent, bilateral, interstitial, self-limiting,
allergic inflammation of the conjunctiva having a
periodic seasonal incidence.

Etiopathogenesis

Vernal keratoconjunctivitis (VKC) has long been
considered an atopic disorder, mainly type-I IgE-
mediated hypersensitivity reaction to pollen allergens.
However, now it is believed that pathogenesis of
VKC is characterized by Th2 lymphocyte alteration
and that the exaggerated IgE response to common
allergens is a secondary event.

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 seems to be a misnomer.
Recently, it is being labelled as ‘Warm weather
conjunctivitis.
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3. Climate. More prevalent in tropics, less in
temperate zones and almost non-existent in cold
climate.

Pathology

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 features

Symptoms. Spring catarrh is characterised by:

e 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.

e 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 the

presence of hard, flat topped, papillae arranged
in a ‘cobble-stone’ or ‘pavement stone, fashion
along with conjunctival hyperemia (Fig. 5.23). In
severe cases, papillae may hypertrophy to produce
cauliflower-like excrescences of ‘giant papillae’

Conjunctival changes are associated with white

ropy discharge.

o 2 - 5N

Fig. 5.23 Palpebral form of vernals keratoconjunctivitis

2

Fig. 5.24 Bulbar form of VKC depicting: A, Gelatimous
membrane around limbus; B, Tranta’s spots at limbus

Cobblestone
papillae
Hexagonal
papillae
Gelatinous
limbal membrane
Tranta’s spot
Dusky red
triangular
congestion

Fig. 5.25 Artist’s diagram of mixed form of vernal
keratoconjunctivitis

2. Bulbar limbal form. It is characterised by:

e Dusky red triangular congestion of bulbar
conjunctiva in palpebral area,

e Gelatinous thickened accumulation of tissue
around the limbus (Fig. 5.24A), and

e Presence of discrete whitish raised dots along the
limbus (Horner-Tranta’s spots) (Fig. 5.24B).
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Fig. 5.26 Vernal keratopathy: A, Shield ulcer; B, Vernal
corneal plaque

3. Mixed form. It shows combined features of both

palpebral and bulbar forms (Fig. 5.25).

Vernal keratopathy. Corneal involvement in VKC may

be primary or secondary due to extension of limbal

lesions. Vernal keratopathy is more frequent with
palpebral form and includes following five 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 (Fig. 5.26A). 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. 5.26B).

4. Subepithelial scarring occurs in the form of aring
scar.

5. Pseudogerontoxon can develop in recurrent limbal
disease and is characterised by a classical ‘cupid’s
bow’ outline.

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 predominant
papillary hypertrophy (see page 71).
Treatment
A. Topical anti-inflammatory therapy
Topical anti-inflammatory therapy with combined
steroids, mast cell stabilizers, antihistamines, and
NSAIDs forms the mainstay of treatment of VKC.
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 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 5 times a day are quite effective in
controlling VKC, especially atopic cases.
3. Dual action antihistamines and mast cell stabilizers
such as azelastine, olopatidine and ketotifen are very
effective for control and prevention of exacerbations.
4. NSAIDs eye drops such as ketorolac and diclofenac
give added benefits.
5. Topical cyclosporine (0.5 to 1%), the immune-
modulator, is indicated when steroids are ineffective,
inadequate, or poorly tolerated, or when given as a
steroid-sparing agent in patients with severe disease.
6. Tacrolimus (0.03% ointment) is another immune-
modulator, which can be useful in refractory cases.

B. Topical lubricating and mucolytics

1. Artificial tears, such as carboxymethyl cellulose,
provide soothing effect.

2. Acetyl cysteine (0.5%) used topically has mucolytic
properties and is useful in the treatment of early
plaque formation.

C. 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, non-
responsive cases.

D. Treatment of large papillae

Very large (giant) papillae can be tackled either by:

e Supratarsal injection of long acting steroid, or

o Cryo application, or

e Surgical excision is recommended for extra
ordinarily large papillae.
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E. General measures include:

Dark goggles to prevent photophobia.

Cold compresses and ice packs have soothing effects.
Change of place from hot to cold area is recom-
mended for recalcitrant cases.

F. Desensitization
Desensitization has also been tried without much
rewarding results.

G. Treatment of vernal keratopathy

e Punctate epithelial keratitis requires no extra
treatment except that instillation of steroids should
be increased.

o Alargevernal plaquerequires surgical excision by
superficial keratectomy.

o Severe shield ulcer resistant to medical therapy may
need surgical treatment in the form of debridement,
superficial keratectomy, excimer laser therapeutic
keratectomy as well as amniotic membrane
transplantation to enhance re-epithelialization.

I 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.

Pathogenesis

In AKC both IgE and cell-mediated immune
mechanisms play role, i.e., type-I as well as type-IV
hypersensitivity reactions are responsible for the
inflammatory changes of conjunctiva and cornea.

Clinical features

Symptoms include:

e Itching, soreness, dry sensation.

e Mucoid discharge.

o Photophobia or blurred vision.

Signs

1. Eyelid signs

o Lid margins are chronically inflamed with rounded
posterior borders.

e Extra lid folds (Dennie-Morgan fold) may occur
due to chronic eyelid rubbing.

o Loss of lateral eyebrows (Hertoghe'’s sign) may be
seen.

2. Conjunctival signs

o Tarsal conjunctiva has a milky appearance. There
are very fine papillae, hyperaemia and scarring
with shrinkage.

e Bulbar conjunctiva is chemosed and congested.

o Limbal conjunctiva may show gelatinous deposits
and Trantas dots as seen in VKC.

3. Corneal signs

o Punctate epithelial erosions, often more severe in
the lower half of cornea, may be seen.

Persistent epithelial defects, sometimes associated

with focal thinning, can also occur.

o Plaque formation may occur similar to VKC.

e Peripheral vascularization and stromal scarring
are more common than VKC.

4. Associations

e Keratoconus is associated in about 15% cases.

e Atopic cataract, in the form of anterior or posterior
subcapsular opacities, may be associated.

e Retinal detachment, incidence is more higher than

in general public.

Clinical course. Like the dermatitis eczema with
which it is associated, AKC has a protracted course
with exacerbations and remissions. Like vernal
keratoconjunctivitis it tends to become inactive
when patient reaches the fifth decade.

Treatment

o Treatment of AKC is exactly on the same lines as
described for VKC (see page 81), except that the
AKCis generally less responsive and requires more
intensive and prolonged therapy.

e Lid margin inflammation and facial eczema
should be treated by oral NSAIDs, oral
antibiotics (Doxycycline or azithromycin) and
local application of steroids and antibiotic eye
ointment.

I GIANT PAPILLARY CONJUNCTIVITIS (GPC)
GPC is the inflammation of conjunctiva with
formation of very large sized papillae.

Etiology

GPC, also known as mechanically-induced papillary
conjunctivitis, is a localised allergic response to a
physically rough or deposited surface (contact lens,
prosthesis, exposed nylon sutures and scleral buckle).
Probably, it is a sensitivity reaction to components of
the plastic leached out by the action of tears.

Clinical features
Symptoms. Itching, stringy discharge and reduced
wearing time of contact lens or prosthetic shell.

Signs. Papillary hypertrophy (0.5 mm to 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. 5.27).

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. Mast cell stabilizer such as sodium cromoglycate
is known to relieve the symptoms and enhance
the rate of resolution.
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Fig. 5.27 Giant papillary conjunctivitis (GPC)

3. Combined antihistamines and mast cell stabilizers
like azelastine and olopatadine are very effective.
4. Steroids may be required in resistant cases.

B PHLYCTENULAR KERATOCONJUNCTIVITIS
Phlyctenular keratoconjunctivitis is a characteristic
nodular affection occurring as an allergic response
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 so called as microbial allergic
conjunctivitis.

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 bacillus and certain parasites (worm
infestation).

Il. 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

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.

Clinical features

Symptoms in simple phlyctenular conjunctivitis are
few, like mild discomfort in the eye, irritation and
reflex 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. 5.28). 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 chara-
cterised 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 aring 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!
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Fig. 5.29 Fascicular corneal ulcer. A, Diagrammatic;
B, Clinical photograph

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 withoutleaving any
opacity.

2. Fascicular ulcer has a prominent parallel leash
of blood vessels (Fig. 5.29). This ulcer usually
remains superficial but leaves behind a band-
shaped superficial opacity after healing.

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

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 the times) are the diagnostic features of the
phlyctenular conjunctivitis.

Management

Itincludes treatment of phlyctenular conjunctivitis

bylocal 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
X-rays 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 antibiotics and necessary
surgical measures.

.Parasitic infestation should be ruled out by
repeated stool examination and when discovered
should be adequately treated for complete
eradication.

—

ii

3. General measures

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.
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I CONTACT DERMATOCONJUNCTIVITIS
It is an allergic disorder, involving conjunctiva and
skin of lids along with surrounding area of face.

Etiology

It is in fact a delayed hypersensitivity (Type IV)
response to prolonged contact with chemicals and
drugs. A fewcommon topical ophthalmicmedications
known to produce contact dermatoconjunctivitis
are atropine, penicillin, neomycin, soframycin and
gentamicin.

Clinical features

1. Cutaneous involvement is in the form of weeping
eczematous reaction, involving all areas with
which medication comes in contact.

2. Conjunctival responseis in the form of hyperaemia
with a generalised papillary response affecting
the lower fornix and lower palpebral conjunctiva
more than the upper.

3. Corneamay show punctate epithelial keratitis and
erosions.

Diagnosis

o Clinical features is usually typical.

e Conjunctival cytology shows a lymphocytic
response with masses of eosinophils.

o Skin test to the causative allergen is positive in
most of the cases.

Treatment

1. Discontinuation of the causative medication,

2. Topical steroid eyedrops to relieve symptoms, and

3. Application of steroid ointment on the involved
skin.

C. CICATRICIAL CONJUNCTIVITIS

B OCULAR MUCOUS MEMBRANE
PEMPHIGOID (OMMP)

Etiology

o OMMP is thought to be a type II hypersensitivity
reaction involving basement membrane of
epithelial cells of conjunctiva, other mucosal
surfaces and even skin.

¢ Age. Usually occurs after 60 years of age, but may
occur in adolescence.

o Sex. Slightly more common in female than male.

Pathology

It is chronic inflammatory subepithelial blistering
disease with subsequent cicatrization of the involved
mucosa.

Fig. 5.30 Ocular mucous membrane pemphigoid with
inferior symblepharon formation

Clinical features

I. Ocular features

Symptoms include insidious onset of bilateral redness,

foreign body sensation, watering and photophobia.

Signs progress as below (Fig. 5.30):

e Inflammatory signs include hyperaemia, chronic
papillae and subconjunctival vesicles which later
ulcerate.

o Cicatrization signs include loss of plica semilunaris
and fornices, formation of symblepharon (usually
inferior and ankyloblepharon) ending in severe
dry eye syndrome.

o Corneal involvement occurs as superficial punctate
keratitis, secondary microbial keratitis, corneal
neovascularization and even perforation.

e Lid sequelae include trichiasis and entropion
formation.

1. Systemic features

e Mucosa of oral cavity, anus, vagina and urethra
may be involved.

o Desquamative gingivitis is common association.

o Cutaneous vesicles, bullae and scar formation may
occur.

o Involvement of trachea and esophagusis potentially
life-threatening.

Differential diagnosis need to be made from Stevens-
Johnson syndrome and other cicatrizing disorders.

Treatment

1. Topical treatment comprise:

o Tear substitutes, to be used frequently.

« Antibiotics for secondary infection.

Steroids may help in reducing inflammation
(caution for corneal melting).

2. Systemic immunosuppression is typically required
to suppress the acute phase of disease.
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e Mild disease—use dapsone (1 mg/kg).

e Moderate disease—use antimetabolite such as
methotrexate or azathioprine.

e Severe disease—use intravenous methyl-
prednisolone with or without cyclophosphamide
for 4 days, followed by oral prednisolone.

3. Surgical intervention required in late stage

(depending upon the condition) may be:

e Punctal occlusion for dry eye.

« Silicon hydrogel contact lens use.

 Correction of trichiasis and entropion.

e Ocular surface reconstruction for advanced
scarring.

o Corneal transplantation.

o Keratoprosthesis in extensive corneal and ocular
surface scarring.

B STEVENS-JOHNSON SYNDROME AND TOXIC
EPIDERMAL NECROSIS

Stevens-Johnson syndrome (SJS) and toxic

epidermal necrosis (TEN) (Lyell syndrome) are

acute mucocutaneous blistering diseases usually

associated with severe ocular complications.

Etiology

These conditions are thought to result from a Type
III hypersensitivity response to certain drugs (such
as sulfonamides, anticonvulsants and allopurinol)
and infectious agents (such as mycoplasma, pneu-
moniae, herpes simplex virus and adenovirus).

Clinical features

Symptoms

Symptoms include acute onset of fever, skin rash,

red eyes, malaise, arthralgia and respiratory tract

symptoms.

Systemic signs

e Classic ‘target’ skin lesions are maculopapules with
ared crator and white surrounding area or bullae.

e Haemorrhagic inflammation of mucous
membranes, e.g., haemorrhagic lip crusting.

o Ulcerative stomatitis.

o Sloughing of epidermal surface (seen in TEN) is
called Nikolsky sign.

Ocular signs

Acute disease is characterized by papillary or

mucopurulent or pseudomembranous conjunctivitis,

episcleritis, and iritis.

Late disease is characterized by:

e Conjunctival scarring and symblepharon
formation,

¢ Trichiasis and lid deformities,

e Dry eye resulting from loss of Goblet cells and
destruction of lacrimal gland ductules, and

o Corneal neovascularization, ulceration, perforation
and scarring.

Treatment

Systemic treatment in acute phase includes:

Removal (e.g., causative drugs) or treatment (e.g., of
causative infection) of the inciting factor:

o Intravenous immunoglobulin,

 Role of systemic steroids is controversial,

o Maintenance of hydration, and

o Debridement and replacement of sloughing skin.

Ocular treatment during acute phase includes:

o Topical tear drops and prevention of exposure,

« Topical antibiotics and steroid eyedrops, and

o Pseudomembrane peel and symblepharon lysis
with glass rod or moistened cotton swab should
be done daily.

Late stage interventions are similar to OMMP (see
page 85-86).

[ SECONDARY CICATRICIAL CONJUNCTIVITIS
Cicatricial conjunctivitis may occur secondary to:
Injuries to conjunctiva (such as thermal, radiational
or chemical burns) and infective conjunctivitis
(such as trachoma and viral pseudomembranous
conjunctivitis).

D. TOXIC CONJUNCTIVITIS

1. Toxic conjunctivitis secondary to molluscum
contagiosum

It is a type of chronic follicular conjunctivitis
that 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).

2, Chemical toxic conjunctivitis

e It is an irritative follicular conjunctival response
which occurs after prolonged administration of
topical medication.

o Common topical preparations associated with
chronic follicular conjunctivitis are: idoxuridine
(IDU), eserine, pilocarpine, DFP adrenaline,
neomycin and preservatives including contact
lens solutions.

ll DEGENERATIVE CONDITIONS

B 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.
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Fig. 5.31 Pinguecula

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 was considered a precursor of
pterygium. However, currently it is suggested that
pinguecula does not progress to pterygium and that
the two are distinct disorders.

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 is a bilateral, usually
stationary condition, presenting as yellowish white
triangular patch near the limbus (Fig. 5.31). 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 inflam-
mation, intraepithelial abscess formation and
rarely calcification and doubtful conversion into
pterygium.

Treatment. In routine no treatment is required for
pinguecula. However, when cosmetically unaccepted
and if so desired, it may be excised. When inflamed
it is treated with topical steroid.

B 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

itis aresponse 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 degener-
ation 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

Demography

o Age: Usually seen in old age.

e Sex: More common in males doing outdoor work
than females.

e Laterality: It may be unilateral or bilateral. Usually
present on the nasal side but may also occur on
the temporal side.

Symptoms

e Cosmetic intolerance may be the only issue in
otherwise asymptomatic condition in early stages.

e Foreign body sensation and irritation may be
experienced.

e Defective vision occurs when it encroaches the
pupillary area or due to corneal astigmatism
induced by fibrosis in the regressive stage.

« Diplopia may occur occasionally due to limitation
of ocular movements.

Signs
Pterygium presents as a triangular fold of conjunctiva
encroaching on the cornea in the area of palpebral
aperture usually on the nasal side (Fig. 5.32) but
may also occur on the temporal side. Very rarely,
both nasal and temporal sides are involved (primary
double pterygium).

Fig. 5.32 Pterygium
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Parts of a fully-developed pterygium are as follows:

(Fig. 5.32):

o Head: Apical part present on the cornea,

o Neck: Constricted part present in the limbal area,
and

e Body: Scleral part, extending between limbus and
the canthus.

e Cap: Semilunar whitish infiltrate present just in
front of the head.

Types. Depending upon the progression it may be

progressive or regressive pterygium.

o Progressive pterygium is thick, fleshy and vascular
with a few whitish infiltrates in the cornea, in front
of the head of the pterygium known as Fuch’s spots
or islets of Vogt also called cap of pterygium.

o Regressive pterygium is thin, atrophic, attenuated
with very little vascularity. There is no cap, but
deposition of iron (Stocker’s line) may be seen
sometimes, just anterior to the head of pterygium.
Ultimately, it becomes membranous but never
disappears.

Complications

o Cystic degeneration and infection are infrequent.

o Neoplastic changeto epithelioma, fibrosarcoma or
malignant melanoma, may occur rarely.

Differential diagnosis
Pterygium must be differentiated from pseudop-
terygium. Pseudopterygium is a fold of bulbar
conjunctiva attached to the cornea. Itis 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 pseudo-
pterygium are given in Table 5.3.

Table 5.3 Differences between pterygium and
pseudopterygium

|| Pterygium | Pseudopterygium

1. Etiology Degenerative Inflammatory
process process

2. Age Usually occurs in Can occur at any
elder persons age

3. Site Always situated Can occur at any site
in the palpebral
aperture

4.Stages  Either progressive, Always stationary
regressive or
stationary

5. Probe Probe cannot be A probe can be

test passed underneath  passed under the

neck

Treatment

Surgical excision is the only satisfactory treatment,

which may be indicated for:

o Cosmetic disfigurement.

 Visual impairment due to significant regular or
irregular astigmatism.

« Continued progression threatening to encroach
onto the pupillary area (once the pterygium has
encroached pupillary area, wait till it crosses on
the other side).

« 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:

o Surgical excision with free conjunctival limbal
autograft (CLAU) taken from the same eye or other
eye is presently the preferred technique.

o Surgical excision with amniotic membrane graft
and mitomycin-C (MMC) (0.02%) application
may be required in recurrent pterygium or when
dealing with a very large pterygium.

o Surgical excision with lamellar keratectomy and
lamellar keratoplasty may be required in deeply
infiltrating recurrent recalcitrant pterygia.

e Old methods to prevent recurrence (not preferred
now) included transplantation of pterygium in
the lower fornix (McRaynold’s operation) and
postoperative use of beta irradiations.

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. 5.33A).

3. 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.
5.33B).

5. Haemostasis is achieved and the episcleral tissue
exposed is cauterised thoroughly.

6. Conjunctival limbal autograft (CLAU) transplant-
ation to cover the defect after pterygium excision
(Fig. 5.33C). It is the latest and most effective
technique in the management of pterygium. Use
of fibrin glue to stick the autograft in place reduces
operating time as well as discomfort associated
with the sutures.

I CONCRETIONS

Etiology. Concretions are formed due to accumulation
of inspissated mucus and dead epithelial cell debris
into the conjunctival depressions called loops of
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Fig. 5.33 Surgical technique of pterygium excision: A,

dissection of head from the cornea; B, excision of pterygium

tissue under the conjunctiva; C, conjunctival limbal autograft
after excising the pterygium

Henle. They are commonly seen in elderly people in
a degenerative condition and also in patients with
scarring stage of trachoma. The name concretion
is a misnomer, as they are not calcareous deposits.

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 (Fig. 5.13). 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.

B AMYLOID DEGENERATION OF CONJUNCTIVA

Etiology

Conjunctival amyloid, though rare, is reported to

occur in two forms:

e Primary conjunctival amyloid is associated with
deposition of light-chain immunoglobulin by the
monoclonal B cells and plasma cells.

e Secondary conjunctival amyloid may occur
secondary to systemic diseases or secondary to
chronic conjunctival inflammations.

Clinical features

e Deposition of yellowish, well-demarcated,
irregular amyloid material in the conjunctiva with
superior fornix and tarsal conjunctiva being more
commonly involved areas.

e Subconjunctival haemorrhage may be associated
with amyloid deposition in blood vessels.

Treatment

e Lubricating drops for mild symptoms.

 Excision biopsy can be performed in patients with
marked irritation due to raised lesions.

I SYMPTOMATIC CONDITIONS OF
CONJUNCTIVA

Common symptomatic conditions of conjunctiva
include:

o Hyperaemia of conjunctiva,

o Chemosis of conjunctiva,

o Ecchymosis of conjunctiva,

« Xerosis of conjunctiva, and

« Discoloration of conjunctiva.

I 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. Nonspecific 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 sufffering from
rosacea and insomnia or otherwise havingless sleep.
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Clinical features

o Patients with simple hyperaemia usually complain
of a feeling of discomfort, heaviness, grittiness,
tiredness and tightness in the eyes.

o There may be associated mild lacrimation and
minimal mucoid discharge.

e 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

e Removal of the cause of hyperaemia, e.g., in acute
transient hyperaemia the removal of irritants (e.g.,
misdirected cilia) gives prompt relief.

o Symptomatic relief may be achieved by use of
topical decongestants (e.g., 1:10000 adrenaline
drops) or naphazoline drops.

I 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, caroticocavernous
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.

B 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
associated with acute haemorrhagic conjunctivitis
caused by picorna viruses, pneumococcal
conjunctivitis and leptospirosis, icterohae-
morrhagica conjunctivitis.

3. 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.

4. Spontaneous rupture of fragile capillaries may
occur in vascular diseases such as arteriosclerosis,
hypertension and diabetes mellitus.

5. Local vascular anomalies like telangiectasia,
varicosities, aneurysm or angiomatous tumour.

6. Blood dyscrasias like anaemias, leukaemias and
dysproteinaemias.

7. Bleeding disorderslike purpura, haemophilia and
scurvy.

8. Acute febrile systemic infections such as malaria,
typhoid, diphtheria, meningococcal septicaemia,
measles and scarlet fever.

9. Vicarious bleeding associated with menstruation
is an extremely rare cause of subconjunctival
haemorrhage.

Clinical features

e Subconjunctival haemorrhage per se is sympt-
omless. However, there may be symptoms of
associated causative disease.

e On examination, subconjunctival haemorrhage
looks as a flat sheet of homogeneous bright red
colour with well-defined limits (Fig. 5.34).

o In traumatic subconjunctival haemorrhage,
posterior limit is visible when it is due to local
trauma to eyeball, and not visible when it is due
to head injury or injury to the orbit.

o Mostof the timeitis 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.
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Fig. 5.34 Subconjunctival haemorrhage

Treatment

« Treat the cause when discovered.

« Placebo therapy with astringent eye drops.

o Psychotherapy and assurance to the patient is most
important part of treatment.

e 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:

o Destructive interstitial conjunctivitis as seen in
trachoma, diphtheric membranous conjunctivitis,
Steven-Johnsons syndrome, pemphigus or
pemphigoid conjunctivitis, thermal, chemical or
radiational burns of conjunctiva.

o 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 hypo-

vitaminosis-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 467-470).

Clinical features. Epithelial xerosis typically occurs
in children and is characterized by varying degree
of conjunctical dryness, thickening, wrinkling and
pigmentation.

Treatment. Treatment of conjunctival xerosis consists

of:

o Treatment of the cause,

e Symptomatic local treatment with artificial tear
preparations (0.7% methyl cellulose or 0.3%
hypromellose or polyvinyl alcohol), which should
be instilled frequently.

I 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. 5.34).

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
elder 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 play 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. Itis seen in patients
with Addison’s disease and ochronosis.

ii. Exogenous pigmentation. It may follow long-
term use of adrenaline for glaucoma. Argyrosis
may also present as dark brown pigmentation.

b. Melanocytic pigmentation

i. Conjunctival epithelial melanosis (Fig. 5.35). It
develops in early childhood, and then remains
stationary. It is found in 90% of the blacks. The
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Fig. 5.35 Conjunctival epithelial melanosis

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. 5.36) 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.

| CYSTS AND TUMOURS

I 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.,

o

Fig. 5.36 Congenital melanosis oculi

trachoma and pemphigus. Retention cysts are
more common in upper fornix.

4. Epithelial implantation cyst(traumatic cyst). It may
develop following implantation of conjunctival
epithelium in the deeper layers, due to surgical
or non-surgical injuries of conjunctiva.

5. Epithelial cysts due to downgrowth of epithelium
are rarely seen in chronic inflammatory or
degenerative conditions, e.g., cystic change in
pterygium.

6. Aqueous cyst. It may be due to healing by cystoid
cicatrix formation, following surgical or non-
surgical perforating limbal wounds.

7. Pigmented epithelial cyst. It may be formed
sometimes following prolonged topical use of
cocaine or epinephrine.

8. Parasitic cysts such as subconjunctival cysticercus
(Fig. 5.37), hydatid cyst and filarial cyst are not
infrequent in developing countries.

Treatment

Conjunctival cysts need a careful surgical excision.
The excised cyst should always be subjected to
histopathological examination.

B TUMOURS OF 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).

v o = *

Fig. 5.37 Cysticercosis of conjunctiva
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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.
5.38). Dermoid consists of collagenous connective
tissue, sebaceous glands and hair, lined by epidermoid
epithelium. Treatment is simple excision.
2. Lipodermoid (Fig. 5.39). 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 lipode-
rmoids may be associated with accessory auricles and
other congenital defects (Goldenhar’s syndrome).

Il. 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.

-

Fig. 5.38 Limbal dermoid

Fig. 5.39 Lipodermoid

= Treatment consists of complete surgical removal.
2. Papilloma. It is a benign polypoid tumour usually
occurring at inner canthus, fornices or limbus. It
may 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.

lll. Premalignant tumours

Bowen’s intraepithelial epithelioma (carcinoma
in situ). It is a rare, precancerous condition, now
included in ocular surface squamous neoplasia
(OSSN).

IV. Malignant tumours

1. Squamous cell carcinoma (epithelioma) (Fig. 5.40).
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 385).
Now it is also included in ocular surface squamous
neoplasia (OSSN).

Ocular Surface Squamous Neoplasia Ocular surface
squamous neoplasia (OSSN) is the term coined to
denote the wide spectrum of dysplastic changes
involving epithelium of conjunctiva, cornea and
limbus. Itincludes squamous dysplasia, carcinoma-
in-situ i.e. corneal and conjunctival intraepithelial
neoplasia (CIN) and squamous cell carcinoma(SCC).
CIN is characterised by partial to full thickness
intraepithelial neoplasia with an intact basement
membrane without involvement of the underlying
substantia propria. While, SCC occurs when
neoplastic cells penetrate the basement membrane
and invade the underlying stroma. Very few CIN
progress to SCC.

Fig. 5.40 Squamous cell carcinoma at the limbus
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Risk factors for OSSN include:

o Exposure to intense UV radiation,

o Aadvanced age,

o Cigarette smoking,

e AIDS and conjunctival Human papilloma virus
(HPV) infections,

« History of squamous cell carcinoma in head and
neck,

o Xeroderma pigmentosa, and

« Light complexion.

Pathogenesis. Since OSSN usually arise at the limbus,

so it has been postulated that various predisposing

factors probably act on the stem cells causing their

abnormal maturation and proliferation resulting in

OSSN (Stem cell theory).

Clinical features. Since, initially it is not possible to

clinically differentiate between squamous dysplasia,

carcinoma-in-situ and SCC; so that term OSSN is

used. Three morphological patterns are described:

o Leukoplakic form appears as a focal thickening
of the epithelium with overlying hyperkeratotic
plaque,

e Papillomatous form appears as well-defined soft
vascularised mass, and

e Gelatinous form appears as an ill-defined
translucent thickening.

Over the period a nodular tumour involving the

stroma deeply may occur as SCC (Fig 5.40).

Treatment. Surgical excision with surrounding 2-4

mm of normal tissue is the treatment of choice.

Measures to decrease recurrence include:

o Cryotherapy to surrounding tissue,

o Topical chemotherapy with mitomycin

Radical excision including enucleation and even

exentration may be needed along with postoperative

radiotherapy in advanced cases of SCC

2.Basal cell carcinoma. It may invade the conjunctiva

from the lids or may arise pari-passu from the plica

Fig. 5.41 Conjunctival naevus

semilunaris or caruncle. Though it responds very
favourably to radiotherapy, the complete surgical
excision, if possible, should be preferred to avoid
complications of radiotherapy.

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. 5.41). 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.

= 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% cases it involves the subepithelial tissues and
proceeds to frank malignant change.

=Treatment. In early stages local excision with
postoperative radiotherapy may be sufficient. Butin
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,
round-celled 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

* Applied physiology
CONGENITAL ANOMALIES
INFLAMMATIONS OF CORNEA
Ulcerative keratitis

Infective keratitis

* Bacterial corneal ulcer

* Mycotic corneal ulcer

* Viral corneal ulcer

* Protozoal keratitis

Allergic keratitis

Trophic corneal ulcer

* Neurotrophic keratopathy

* Exposure keratopathy
Peripheral ulcerative keratopathies
Non-ulcerative keratitis

* Superficial

¢ Deep

CORNEAL DEGENERATIONS

* Age-related corneal degenerations

ll ANATOMY AND PHYSIOLOGY

I APPLIED ANATOMY

Cornea is a transparent, avascular, watch-glass like
structure. It forms anterior one-sixth of the outer
fibrous coat of the eyeball.

Dimensions

o Anterior surface of cornea is elliptical with an
average horizontal diameter of 11.7 mm and
vertical diameter of 11 mm.

e Posterior surface of cornea is circular with an
average diameter of 11.5 mm.

o Thickness of cornea in the centre varies from 0.5
to 0.6 mm while at the periphery it varies from 1
to 1.2 mm.

e 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.

* Pathological corneal degenerations
CORNEAL DYSTROPHIES

* Epithelial and subepithelial dystrophies

* Bowman layer dystrophies

* Stromal corneal dystrophies

* Descemet membrane and endothelial corneal dystrophies
ECTATIC CONDITIONS OF CORNEA

* Keratoconus

* Keratoglobus

* Keratoconus posterior

ABNORMALITIES OF CORNEAL TRANSPARENCY
* Corneal oedema

* Corneal opacity

* Corneal vascularization

CORNEAL SURGERY

* Keratoplasty

* Refractive corneal surgery

* Phototherapeutic keratectomy

* Keratoprosthesis

e Refractive index of the cornea is 1.376.

e 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 six layers. From
anterior to posterior these are: epithelium, Bowman's
membrane, substantia propria (corneal stroma), Pre-
Descemet’s membrane (Dua’s layer), Descemet’s
membrane and endothelium (Fig. 6.1).

1. Epithelium. It is of stratified squamous type and
becomes continuous with 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 made of flattened
cells. Tight junctions between superficial epithelial
cells prevent penetration of tear fluid into the stroma.
= Limbal epithelium. The basal epithelial cells of the
limbal area constitute the limbal stem cells which
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Fig. 6.1 Microscopic structure of the cornea

amplify, proliferate, and differentiate into corneal
epithelium. Damage to this area results in the
invasion of conjunctival epithelium on to the cornea.
2. Bowman’s membrane. This layer consists of
acellular mass of condensed collagen fibrils. It is
about 12 um 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 considerable resistance to infection. But once
destroyed, it is unable to regenerate and, therefore,
heals by scarring.

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 (type-I and type-V fibrillae interwined with
filaments of type-VI collagen) embedded in hydrated
matrix of proteoglycans (chondroitin sulphate and
keratan sulphate). 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 (modified fibroblasts), wandering
macrophages, histiocytes and a few leucocytes.

4. Pre-Descemet’s membrane, also known as Dua’s
layer has been discovered in 2013 by Dr Harminder
Dua, an Indian ophthalmologist working in Great
Britain. Located anterior to the Descemet’s
membrane, itis about 15 micrometer thick acellular
structure which is very strong and imprevious to air.

5. Descemet’s membrane (posterior elastic lamina).
The Descemet’s membrane is a strong homogenous
basement membrane of the corneal endothelium
which is separated from the stroma by pre-Descemet’s
membrane. 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).

6. Endothelium. It consists of a single layer of flat
polygonal (mainly hexagonal) epithelial cells
(misnamed as endothelium) which on slit-lamp
biomicroscopy appear as a mosaic. The cell density
of endothelium is around 3000 cells/mm? in young
adults, which decreases with the advancing age.
The human endothelium cells do not proliferate in
vivo and the cell loss with age is compensated by
enlargement (polymegathism) and migration of
neighbouring cells. There is a considerable functional
reserve for the endothelium. Therefore, corneal
decompensation occurs only after more than 75% of
the cells are lost. The endothelial cells contain ‘active-
pump’ mechanism which keeps cornea dehydrated.

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

Cornea is supplied by anterior ciliary nerves which
are branches of ophthalmic division of the 5th
cranial nerve (see page 5). 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.

I 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 performs
these functions by maintaining its transparency and
regular replacement of its tissues.

Corneal transparency

The corneal transparency is the result of:

e Peculiar arrangement of corneal lamellae (lattice
theory of Maurice).
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e Peculiar refractive index of corneal lamellae
with variation less than 200 um (Goldmann and
Benedek theory).

o Avascularity of cornea.

e Relative state of dehydration (78% water content),
which is maintained by the barrier effects of
epithelium and endothelium and the active Na*
K* ATPase pump of the endothelium.

o Swelling pressure (SP) of the stroma which counters
the imbibition effect of intraocular pressure (IOP).

e Corneal crystallins, i.e, water soluble proteins
of keratocytes (transketolase and aldehyde
dehydrogenase class IA1) also contribute to
corneal transparency at the cellular level.

For these processes, cornea needs some energy.

Metabolism of cornea

Most actively metabolizing 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.

Source of nutrients for cornea are:

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. Therefore, corneal hypoxia may
occur with over wear of contact lenses. Some
oxygen may reach the superficial layers of cornea
from the perilimbal capillaries (especially when
eyelids are closed) and deeper corneal layers
through the aqueous humour.

Endothelium requires oxygen and glucose for metabolic
activities and proper functioning of Na*- K*ATPase
pump.

Like other tissues, the epithelium can metabolize glucose
both aerobically and anaerobicallyinto carbon dioxide
and water and lactic acid, respectively. Thus, under
anaerobic conditions lactic acid accumulates in the
cornea.

Respiratory quotient of cornea is 1%.

] CONGENITAL ANOMALIES

I ANOMALIES OF SIZE AND SHAPE
Megalocornea

Definition. 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.

Salient features. Cornea is usually clear with normal
thickness and vision. The condition is not progressive.
Systemic associations include Marfan’s, Apert, Ehlers
Danlos and Down syndromes.

Differential diagnosis includes:

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.

I ANOMALIES OF CORNEAL TRANSPARENCY
Normal cornea is a transparent structure. A few
congenital conditions in which corneal transparency
is disturbed are as given below:

1. Anterior embryotoxon. It is characterized by
congenitally broad limbus superiorly.

2. Posterior embryotoxon. It refers to thickening and
anterior displacement of Schwalbe’s line.

3. Congenital corneal opacity. Corneal opacity,
i.e., scarring of corneal stroma, is often an
acquired condition but has been reported to occur
congenitally in isolation and also in association
with Lowe’s syndrome, Axenfeld’s anomaly,
Rieger’s syndrome and Peter’s anomaly.

4. Sclerocornea refers to sclera like cloudy cornea,
which may be peripheral or diffuse.

5. Dermoids usually occur at inferotemporal limbus
and are round, dome shaped, and pink to white
to yellow in colour (see page 93, Fig. 5.38). Rarely
the dermoids may involve large area of cornea,
the entire limbus, the entire cornea, or even the
interior of the eye.

Differential diagnosis of neonatal cloudy cornea.

The acronym ‘STUMPED’ helps to remember the

common conditions to be included in differential

diagnosis of neonatal cloudy cornea. The conditions
are as follows:
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e Sclerocornea

¢ Tears in Descemet’s membrane
e Ulcer

e Metabolic conditions

o Posterior corneal defect

o Endothelial dystrophy

¢ Dermoid.

B INFLAMMATIONS OF CORNEA

Inflammation of cornea (keratitis) is characterised
by corneal oedema, cellular infiltration and ciliary
congestion.

Classification

Itis 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
« Central corneal ulcer
¢ Peripheral corneal ulcer
2. Depending on purulence

e Purulent corneal ulcer or suppurative corneal
ulcer (most bacterial and fungal corneal ulcers
are suppurative).

e Non-purulent corneal ulcers (most of viral,
chlamydial and allergic corneal ulcers are
non-suppurative).

3. Depending upon association of hypopyon
« Simple corneal ulcer (without hypopyon)
e Hypopyon corneal ulcer

4. Depending upon depth of ulcer

« Superficial corneal ulcer

e Deep corneal ulcer

e Corneal ulcer with impending perforation

o Perforated corneal ulcer

5. Depending upon slough formation

o Non-sloughing corneal ulcer

« Sloughing corneal ulcer

B. Non-ulcerative keratitis
1. Superficial keratitis

« Diffuse superficial keratitis

o Superficial punctate keratitis (SPK)
2. Deep keratitis

a. Non-suppurative

o Interstitial keratitis

o Disciform keratitis

o Keratitis profunda

o Sclerosing keratitis

b. Suppurative deep keratitis
e Central corneal abscess

e Posterior corneal abscess.

Etiological classification

1. Infective keratitis
o Bacterial keratitis
o Viral keratitis
 Fungal keratitis
o Chlamydial keratitis
 Protozoal keratitis
o Spirochaetal keratitis

2. Allergic keratitis
o Phlyctenular keratitis
e Vernal keratitis
o Atopic keratitis

3. Trophic keratitis
o Exposure keratitis
o Neurotrophic keratopathy
o Keratomalacia
o 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.,

e Mooren'’s corneal ulcer
« Superior limbic keratoconjunctivitis
« 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 day-to-day minor infections by the normal
defence mechanisms present in tears in the form of
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lysozyme, betalysin and other protective proteins.

Therefore, infective corneal ulcer may develop when:

o Either the local ocular defence mechanism is
jeopardised, or

o Thereis somelocal ocular predisposing disease, or

¢ Host’s immunity is compromised, or

o The causative organism is very virulent.

Etiology

There are two main factors in the production of

purulent corneal ulcer:

e Damage to corneal epithelium; and

o 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 pre-requisite for

most of the infecting organisms to produce corneal

ulceration. It may occur in following conditions:

e Corneal abrasion due to small foreign body,
misdirected cilia, concretions and trivial trauma
in contact lens wearers or otherwise.

e Epithelial drying as in xerosis and exposure
keratitis.

o Necrosis of epithelium as in keratomalacia.

e Desquamation of epithelial cells as a result of
corneal oedema as in bullous keratopathy.

o Epithelial damage due to trophic changes as in
neuroparalytic keratitis.

2. Sources of infection include:

o 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 waterborne or airborne infections.

o From the ocular tissue. Owing to direct 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.

3. Causative organisms. Bacteria reported to be

associated with keratitis can be classified as below:

e Gram positive cocci: Staphylococcus aureus,
Staphylococcus epidermidis and Streptococcus
pneumoniae.

o Gram negative cocci: Neisseria gonorrhoeae,
Neisseria meningitidis.

o Gram positive bacilli: Corynebacterium diptheriae,
C.xerosis, Bacillus cereus, Propionibacterium acne,
listeria and clostridium.

o Gram negative bacilli: Pseudomonas aeruginosa,
Enterobacteriaceae (Klebsiella, Proteus, E. coli,

Serratia), Moraxella lacunata (diplobacillus),
Haemophilus influenzae (cocobacillus).

o Gram positive filamentous bacteria: Actinomyces,
Nocardia.

e Mycobacteria: Non-tuberculous mycobacteria and
M. tuberculosis.

Common bacteria associated with corneal ulceration

include Staphylococci, Pseudomonas, Streptococcus

pneumonia, Enterobacteriaceae and Neisseria.

Pathogenesis and pathology of corneal ulcer
1. 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:
Stage of progressive infiltration,
Stage of active ulceration,
Stage of regression, and
o Stage of cicatrization.
2. Terminal course of corneal ulcer depends upon the
virulence of infecting agent, host defence mechanism
and the treatment received.
3. Depending upon the prevalent circumstances the
course of corneal ulcer may take one of the three
forms:
e Ulcer may become localised and heal,
o Penetrate deep leading to corneal perforation, and
e Spread fast to involve the whole cornea as

sloughing corneal ulcer.

The salient pathological features of these are
described below:

A. Pathology of localised corneal ulcer

1. Stage of progressive infiltration (Fig. 6.2A). It
is characterised by the infiltration of polymor-
phonuclear 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. 6.2B). 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 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.
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Fig. 6.2 Pathology of corneal ulcer: A, stage of progressive
infiltration; B, stage of active ulceration; C, stage of
regression; D, stage of cicatrization

= During this stage of active ulceration, there occurs:

o Hyperaemia of circumcorneal network of vessels
which results into accumulation of purulent
exudates on the cornea.

o 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.

o 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. 6.2C). 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 resultin 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. 6.2D). 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 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. 6.3). At this stage,

B! RN
Fig. 6.3 Descemetocele: A, Diagrammatic depiction; B,
Clinical photograph
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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 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. 6.4).
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 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

Fig. 6.4 Perforated corneal ulcer with prolapse of iris: A,
Diagrammatic depiction; B, Clinical photograph

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).

Clinical features

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:
e Purulent corneal ulcer without hypopyon; or
« Hypopyon corneal ulcer.

In general, following symptoms and signs may
be present:

Symptoms

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

1. Swelling of lids of varying degree is present.

2. Blepharospasm may be moderate to severe.

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. 6.5):

 Yellowish-white area of ulcer which may be oval
or irregular in shape.

o Margins of the ulcer are swollen and over hanging.

o Floor of the ulcer is covered by necrotic material.

 Stromal oedema is present surrounding the ulcer
area.

Characteristic features produced by some of the

common causative bacteria are as follows:

e Staphylococcus aureus and Streptococcus
pneumoniae usually produce an oval, yellowish
white densely opaque ulcer which is surrounded
by relatively clear cornea (Fig. 6.5A).

e Pseudomonas species usually produce an irregular
sharp ulcer with thick greenish mucopurulent
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Fig. 6.5 Bacterial corneal ulcer: A, Oval ulcer; B, Ring-shaped ulcer

exudate, diffuse liquefactive necrosis and
semiopaque (ground glass) surrounding cornea.
Such ulcers are usually associated with hypopyon,
spread very rapidly and may even perforate within
48 to 72 hours.

o 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 infiltrate (Fig. 6.5B).

5. Anterior chambermay or maynotshowpus (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 sometimes be raised

(inflammatory glaucoma).

M HYPOPYON CORNEAL ULCER

Etiopathogenesis

Causative organisms. It is customary to reserve the
term ‘hypopyon corneal ulcer’ for the characteristic
ulcer caused by Prneumococcus and the term ‘corneal
ulcer with hypopyon’ for the ulcers associated with
hypopyon due to other organisms such as Staphylococci,
Streptococci, Gonococci, Moraxella and Pseudomonas
pyocyanea. 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 patient 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 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 unduly delayed.

Signs. In general, the signs are same as described
above for the bacterial ulcer.

Characteristic features of ulcus serpens are:

e Ulcus serpens is a greyish white or yellowish disc-
shaped ulcer occurring near the centre of cornea
(Fig. 6.6).

o Theulcerhas atendencyto creep over the corneain
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.

e Violent iridocyclitis is commonly associated with
a definite hypopyon.

o Hypopyon increases in size very rapidly and often
results in secondary glaucoma.

e Ulcer spreads rapidly and has a great tendency for
early perforation.

Management

Management of hypopyon corneal ulcer is same as
for other bacterial corneal ulcer.
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Fig. 6.6 Hypopyon corneal ulcer: A, Diagrammatic
depiction; B, Clinical photograph

Special points which need to be considered are:

o Secondary glaucoma should be anticipated and
treated with 0.5% timolol maleate, B.I.D. eye drops
and oral acetazolamide.

o Source of infection, i.e., chronic dacryocystitis if
detected, should be treated by dacryocystectomy.

Complications of Corneal Ulcer

1. Toxiciridocyclitis. 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. 6.3). 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. 6.4). Following perforation,
immediately pain is decreased and the patient feels
some hot fluid (aqueous) coming out of eyes.

Sequelae of corneal perforation include:

e Prolapse of iris. It occurs immediately following
perforation in a bid to plug it.

e Subluxation or anterior dislocation of lens may
occur due to sudden stretching and rupture of
zonules.

e Anterior capsular cataract. It is formed when the
lens comes in contact with the ulcer following a
perforation in the pupillary area.

o 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.

e Purulent uveitis, endophthalmitis or even
panophthalmitis may develop due to spread of
intraocular infection.

e 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
page 135).

I MANAGEMENT OF A CASE OF CORNEAL
ULCER

Since corneal ulcer is sight threatening, it needs

urgent treatment by identification and eradication of

causative bacteria. Preferably such patients should

be hospitalized. The management includes:

¢ Clinical evaluation,

o Laboratory investigations, and

o Treatment.

A. Clinical evaluation

Each case with corneal ulcer should be subjected
to:

1. Thorough history taking to elicit mode of onset.

2. General physical examination, especially for
built, nourishment, anaemia and any immuno-
compromising disease.
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3. Ocular examination should include:

o Diffuse light examination for gross lesions of lids,
conjunctiva and cornea including testing for
sensations.

 Regurgitation test and syringing to rule out lacrimal
sac infection.

e Biomicroscopic examination after staining of
corneal ulcer with 2% freshly prepared aqueous
solution of fluorescein dye or sterilised fluorescein
impregnated filter paper strip. Ulcer area stains as
brilliant green, which looks opaque green when
seen with blue filter. 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

1. Routine laboratory investigations such as

haemoglobin, TLC, DLC, ESR, blood sugar, complete

urine and stool examination should be carried out
in each case.

2. 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% xylocaine or

preferably paracain) 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:

e Gram and Giemsa stained smears for possible
identification of infecting organisms.

e 10% KOH wet preparation for identification of
fungal hyphae.

e Calcofluor white (CFW) stain preparation is
viewed under fluorescence microscope for fungal
filaments, the walls of which appear bright apple
green.

e Culture on blood agar medium for aerobic
organisms.

o Culture on Sabouraud’s dextrose agar medium
for fungi.

C.Treatment

I. Treatment of uncomplicated corneal ulcer

Treatment of corneal ulcer can be discussed under
three headings:

« Specific treatment of the cause.

« Nonspecific supportive therapy.

o Physical and general measures.

1. Specific treatment

a. Topical antibiotics

e Initial therapy (before results of culture and
sensitivity are available) should be with
combination therapy to cover both gram-negative
and gram-positive organisms. To begin with any of
the following two drugs may be instilled:

o Fortified Cefazoline, 5% i.e., 50 mg/ml freshly
prepared by adding sterile water to 500 mg powder
to make 10 ml solution, and

e Fortified tobramycin, 1.3%, i.e., 13.6 mg/ml
prepared by adding 2 ml of tobramycin injection
(40 mg/mlin 5 ml bottle of commercially available
0.3% tobramycin drops).

or

o Freshly prepared fortified vancomycin 5%, i.e., 50
mg/ml (prepared by adding sterile water to 500 mg
vancomycin powder to form 10 ml solution) and
one of commercially available fluoroquinolones
eye drops (0.3% ciprofloxacin, or 0.3% ofloxacin or
0.3% gatifloxacin or 0.5% moxifloxacin).

= Frequency of instillation. The chosen two drugs

should be instilled alternately as below:

« Every 5 minutes for 30 minutes,

o Every 15 minutes for 2 hours,

o 1 hourly round the clock for first 48 hours,

e 2 hourly during day and 4 hourly at night till
healing is ensured, and then

e 4-6 hourly till healing occurs.

e Once the favourable response is obtained,
the fortified drops can be substituted by the
commercially available eye drops.

=Subsequent therapy. There is no need to change

initial antibiotics, if the response is good. However,

if the response is poor, immediately change the
antibiotics as per culture and sensitivity report.

b. Systemic antibiotics

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 or when
sclera is also involved.

2. Nonspecific treatment

a. Cycloplegic drugs. Preferably 1% 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.

e 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.
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o Italsoreduces exudation by decreasing hyperaemia
and vascular permeability.

e Other cycloplegic which can be used is 2%
homatropine eye drops.

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

e Hot fomentation. Local application of heat
(preferably dry) gives comfort, reduces pain and
causes vasodilatation.

o Dark goggles may be used to prevent photophobia.

e Rest, good diet and fresh air may have a soothing
effect.

Il. 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:

e Local causes. Associated raised intraocular
pressure, concretions, misdirected cilia, impacted
foreign body, dacryocystitis, inadequate therapy,
wrong diagnosis, lagophthalmos and excessive
vascularization of ulcer.

o 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% 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.

Ill. 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 eye drops 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 cyanoacrylate is
helpful in preventing perforation.

5. Bandage soft contact lens may also be used.

6. Conjunctival flap. The cornea may be covered
completely or partly by a conjunctival flap to give
support to the weak tissue.

7. Amniotic membrane transplantation may also be
considered as an option.

8. 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 option is an urgent tectonic
keratoplasty.

I 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

e Patient usually presents with mild ocular irritation,
pain, photophobia and watering.

e Ulcer is shallow, slightly infiltrated and often
multiple, usually associated with Staphylococcal
conjunctivitis (Fig. 6.7).

e Vascularization occurs soon and is followed by
resolution.

e Recurrences are very common.

Treatment

e A short course of topical corticosteroid drops along
with adequate antibiotic therapy often heals the
condition.
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Fig. 6.7 Marginal corneal ulcer in a patient with
acute conjunctivitis

o 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.

Etiology

1. Fungi. The fungi can be classified as below:

i. Filamentous fungi e.g., Aspergillus, Fusarium,
Alternaria, Cephalosporium, Curvularia and
Penicillium are septate multicellular fungi. Mucor
and rhizopus are non- septate organisms.

ii. Yeasts e.g., Candida and Cryptococcus are
unicellular fungi that reproduce by budding.

iii Dimorphicfungisuch as histoplasma, coccidioides
and blastomyces demonstrate both yeast phase
that occurs in the tissues and a mycelia phase
that appears in culture media and on saprophytic
surfaces.

Fungi 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 vegetable
matter. Common sufferers are field workers
especially during harvesting season.

ii. Injury by animaltail 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

Symptoms are similar to the central bacterial corneal

ulcer (see page 101), 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. 6.8):

e Corneal ulcer is dry-looking, greyish white, with
elevated rolled out margins.

o Pigmented ulcer (brownish) may be caused by
some species of fungi, e.g., dermatiaceous fungi.

o Delicate feathery finger-like extensions are present
into the surrounding stroma under the intact
epithelium.

o A sterileimmune ring (yellow line of demarcation)
may be present where fungal antigen and host
antibodies meet.

o Multiple, small satellite lesions may be present
around the ulcer.

o 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.

e Endothelial plaque, composed of fibrin and
leucocytes, may be located under the stromal lesion.
It may be present in the absence of hypopyon.

e Perforation in mycotic ulcer is rare but can occur.

o Corneal vascularization is conspicuously absent
in pure mycotic ulcer.

Fig. 6.8 Fungal corneal ulcer
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Diagnosis

1. Typical clinical manifestations associated with
history of injury by vegetative material are highly
suspicious of a mycotic corneal ulcer.

2. Chronic ulcer worsening inspite of most efficient
treatment should arouse suspicion of mycotic
involvement.

3. Laboratoryinvestigationsrequired 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.
Methods of sample collection for microbiological
evaluation are as below:

o Corneal scrapings should be performed from
the base and leading edge of ulcer.

o Anterior chamber paracentesis may be carried
out in cases with intraocular extension.

o Corneal biopsy is indicated in cases with deep
stromal abscess or in cases where repeated
cultures from scrapings are negative.

4. Confocal microscopic examination of cornea is
reported to identify actual fungi.

5. Polymerase chain reaction (PCR) is also being
recommended for its rapid results.

Treatment

A. Specific treatment includes antifungal drugs:

1. Topical antifungal eyedrops should be used for a

long period (6 to 8 weeks). These include:

e Natamycin (5%), Amphotericin B (0.1 to 0.3%), and
either Fluconalzole (0.2%), or miconazole (10 mg/
ml) or voriconazole (10%) eyedrops to be instilled
initially one hourly around the clock, then taper
slowly over 6 to 8 weeks. These are effective against
Aspergillus and Fusarium.

e Nystatin (3.5%) eye ointment, five times a day is
effective against Candida. (For details see page
448).

2. Intracameral and intracorneal/intrastromal

administration of voriconazole may be considered in

cases with intraocular extension or anterior chamber
involvement.

3. Systemic antifungal drugs may be required for

severe cases of deeper fungal keratitis. Tablet

fluconazole or ketoconazole or voriconazole may be
given for 2-3 weeks.

B. Non-specific treatment. Non-specific treatment

and general measures are similar to that of bacterial

corneal ulcer (see page 104).

C. Therapeutic penetrating keratoplasty may be

required for nonresponsive cases.

VIRAL CORNEAL ULCER

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.
Common viral infections include herpes simplex
keratitis, herpes zoster ophthalmicus and adenovirus
keratitis.

B 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 hostis 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 are as below:

o HSV-Iinfection. Itis acquired by kissing or coming
in close contact with a patient suffering from
herpes labialis.

o 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
Fine epithelial punctate keratitis
Coarse epithelial punctate keratitis
o Dendritic ulcer
B. Recurrent herpes
1. Active epithelial keratitis
o Punctate epithelial keratitis

Dendritic ulcer

Geographical ulcer
. Stromal keratitis

Disciform keratitis;

ii. Diffuse stromal necrotic keratitis
3. Trophic keratitis (meta-herpetic)
4. Herpetic iridocyclitis

N e e
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A. Primary Ocular Herpes

Primary infection (first attack) involves anonimmune
person. It typically occurs in children of 6 months
till 5 years of age and in teenagers. Initial infection
occurs by direct contact of mucous membranes with
infected secretions.

Clinical features

1. Systemic features include mild fever, malaise and

non-suppurative lymphadenopathy. Rarely, severe

morbidity can result from multi-system failure.

Disease may be fatal when encephalitis develops.

2. Skin lesions. Vesicular lesions may occur involving

skin of face, lips, lids, periorbital region and the lid

margin (vesicular blepharitis).

3. Ocular lesion includes:

o Acute follicular conjunctivitis with regional
lymphadenitis is the usual and sometimes the
only manifestation of the primary infection.

o Keratitis. Cornea is involved in about 50% of the
cases. The keratitis can occur as a coarse punctate
or diffuse branching epithelial keratitis that does
not usually involve the stroma.

Note. Primary infection is usually self-limiting
but 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 replicates. The
reactivated virus in enveloped infectious form travels
down along the trigeminal nerve to cause recurrent
infection. The recurrent herpatic ocular infection is
not associated with systemic features and typically
is a unilateral disease.

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.

1. Epithelial keratitis

Symptoms

Symptoms of epithelial HSV keratitis include redness,
pain, photophobia, tearing and decreased vision.
Signs

Three distinct patterns of epithelial keratitis seen
are: punctate epithelial keratitis, dendritic ulcer and
geographical ulcer.

1. Punctate epithelial keratitis (Figs. 6.9A and B). 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.
2. Dendritic ulcer (Figs. 6.9C and D). 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.

3. Geographical ulcer (Figs. 6.9E and F). 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 of steroids in dendritic ulcer hastens the
formation of geographical ulcer.

Treatment

A. Specific treatment

1. Antiviral drugs are the first choice presently. Any

one of the following drugs may be given:

o Acycloguanosine (Aciclovir) 3% ointment: 5 times
a day for 14-21 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.

o 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.

o Triflurothymidine 1% drops: Two hourly until ulcer
heals and then 4 times a day for 5 days.

e Adenine arabinoside (Vidarabine) 3% 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 arim 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 was the
treatment of choice. Now it is reserved for resistant
cases, cases with noncompliance and those allergic
to antiviral drugs.

3. Systemic antiviral drugs for a period of 10 to 21 days

are increasingly being considered for recurrent and

even acute cases in following doses:

e Acyclovir 400 mg p.o. tid to bid, or

« Famcyclovir 250 mg p.o. bid, or

« Valacyclovir 500 mg p.o.bid.

B. Non-specific supportive therapy and physical and

general measures are same as for bacterial corneal

ulcer (see page 104).
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Fig. 6.9 Lesions of recurrent herpes simplex keratitis;
diagrammatic depiction and Clinical photograph; A and B,
Punctate epithelial keratitis; C and D, Dendritic ulcer; E
and F, Geographical ulcer; and G and H, Disciform keratitis

2. Stromal keratitis
a. Disciform keratitis

Pathogenesis. It occurs due to delayed hypersensitivity
reaction to the HSV antigen. Primarily, there occurs
endothelitis. Endothelial damage results in disciform
corneal stromal oedema due to imbibition of aqueous
humour.

Symptoms include photophobia, mild to moderate

ocular discomfort, and a reduction in visual acuity.

Signs. Disciform keratitis is characterized by (Figs.

6.9 G and H):

e Focal disc-shaped patch of stromal oedema without
necrosis, usually with an intact epithelium.

e Folds in Descemet’s membrane.

e Keratic precipitates under the round area of stromal
edema.

e Ring of stromal infiltrate (Wessley immune ring)
may be present surrounding the stromal oedema.
It signifies the junction between viral antigen and
host antibody.

o Corneal sensations are diminished.

e Intraocular pressure (IOP) may be raised despite
only mild anterior uveitis due to trabeculitis. In
severe cases, anterior uveitis may be marked.

Important note. During active stage diminished

corneal sensations and keratic precipitates are the

differentiating points from other causes of stromal
oedema.

Treatment consists of:

o 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.

o Non-specific and supportive treatment (see page
104).

b. Stromal necrotic keratitis

Itis a type of interstitial keratitis (IK) caused by active

viral invasion and tissue destruction.

Symptoms. Pain, photophobia and redness are

common symptoms.

Signs are as below:

o Corneal lesions include necrotic, blotchy, cheesy
white infiltrates that may lie under the epithelial
ulcer or may present independently under the
intact epithelium.

e Mild iritis and keratic precipitates are usually
associated (herpetic keratouveitis).

o Stromal vascularization may occur.

Treatment is similar to disciform keratitis but

frequently the results are unsatisfactory.

o Systemic antiviral drugs for 10 to 21 days are being
considered in recurrent cases and in those with
associated herpetic uveitis.
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o 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 due to persistent
defects in the basement membrane of corneal
epithelium (similar to recurrent traumatic erosions)
which occurs at the site of a previous herpetic ulcer.
Clinical features. It presents as an indolent linear or
ovoid epithelial detect. Margin of the ulcer is grey and
thickened due to heaped up epithelium.

Treatment is aimed to promote healing by use of
lubricants (artificial tears), bandage soft contactlens
and lid closure (tarsorrhaphy).

B 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% of all cases of herpes zoster.
Herpes zoster occurs more commonly in immuno-
compromised individuals.

Etiology

Varicella-zoster virus. It is a DNA virus and produces
acidophilic intranuclear inclusion bodies. It is
neurotropic in nature.

Pathogenesis. 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.
Itis 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 to produce cutaneous and
ocular lesions.

Clinical Features

o Frontal nerve is more frequently affected than the
lacrimal and nasociliary nerves in herpes zoster
ophthalmicus.

o Ocular complications occurs in about 50% cases of
herpes zoster ophthalmicus.

e 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.

o Lesions are strictly limited to one side of the midline
of head.

Clinical phases of H. zoster ophthalmicus are:

I. Acute phase lesions, which may totally resolve
within few weeks.

II. Chronic phase lesions, which may persist for
years.

II1. Relapsing phase lesions, where acute or chronic
lesions reappear sometimes years later.

I. Acute phase lesions

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. 6.10) in
the area of distribution of the involved nerve appear
usually after 3 to 4 days of the onset of 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
diminishes with the subsidence of eruptive phase.
C. Ocular lesions. Ocular complications usually appear
atthe 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

Fig. 6.10 Cutaneous lesions of herpes zoster
ophthalmicus
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with regional lymphadenopathy. Sometimes, severe

necrotizing membranous inflammation may be

seen.

2. Zoster keratitis occurs in 40% of all patients and

sometimes may precede the neuralgia or skin lesions.

It may occur in several forms (Fig. 6.11):

e Epithelial keratitis. To begin with there occurs
fine or coarse punctate epithelial keratitis (Figs.
6.11A and B). It is followed by microdendritic
epithelial ulcers (Figs. 6.11C and D) which unlike
dendritic ulcers of herpes simplex are usually
peripheral and stellate rather than exactly
dendritic in shape. In contrast to Herpes simplex
dendrites, they have tapered ends which lack
bulbs.

e Nummular keratitis (Figs. 6.11E and F)
characterised by anterior stromal infiltrates 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. After healing
‘nummular scars’ are left behind.

e Disciform keratitis (Figs. 6.11G and H) occurs in
about 50% of cases and is always preceded by
nummular 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 occur in some cases.

6. Secondary glaucoma. It may occur due to trabeculitis

in early stages and synechial angle closure in late

stages.

7. Anterior segment necrosis and phthisis bulbi, may

occur rarely as a result from zoster vasculitis and

ischemia.

D. Associated neurological complications. Herpes

zoster ophthalmicus may also be associated with

other neurological complications such as:

1. Motor nerve palsies especially involving the third,

fourth, sixth or seventh nerve.

2. Optic neuritis occurs in about 1% of cases.

3. Encephalitis occurs rarely with severe infection.

Il. Chronic phase lesions

Chronic phase lesions are basically sequelae of acute
phase, which may persist for up to 10 years.

1. Post-herpetic neuralgia refers to persistence of
pain even after subsidence of eruptive phase of
zoster which occurs in about 10% cases. Pain is mild

@
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Fig. 6.11 Types of zoster keratitis. Diagrammatic depictions

and clinical photographs of: A and B, Punctate epithelial

keratitis; C and D, Microdendritic epithelial ulcer; E and F,
Nummular keratitis; G and H, Disciform keratitis

to moderate in intensity, worsens at night and is
aggravated by touch and heat. 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 postherpetic
neuralgia is called anaesthesia dolorosa.

2. Lid lesions which occur as sequelae of scarring
include ptosis, trichiasis, entropion and notching.
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3. Conjunctival lesions include chronic mucous

secreting conjunctivitis.

4. Corneal lesions are as below:

o Neuroparalytic ulceration may occur as a sequelae
of acute infection and Gasserian ganglion
destruction.

o Exposure keratitis may supervene in some cases
due to associated facial palsy.

e Mucous plaque keratitis develops in 5% of cases
between 3rd and 5th months and is characterised
by sudden development of elevated mucous
plaque which stain brilliantly with rose bengal.

5. Scleritis and Uveitis may persist in chronic form.

11l. Relapsing phase lesions

Relapsing phase lesions, which may recur even after
ten years of acute phase include nummular keratitis,
mucous plaque keratitis, episcleritis, scleritis and
secondary glaucoma.

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:

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.
e Acyclovir in a dose of 800 mg 5 times a day for 10
days, or
e Valaciclovir in a dose of 500 mg 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 postherpetic neuralgia when given in high doses.
However, the risk of high doses of steroids in elders
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.

Il. 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.

Ill. Local therapy for ocular lesions

1. For zoster keratitis, iridocyclitis and scleritis

Topical steroid eyedrops 4 times a day.

Cycloplegics such as cyclopentolate eyedrops BD

or atropine eye ointment OD.

Topical acyclovir 3% 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

0.5% timolol or 0.5% betaxolol drops, BD.

Acetazolamide 250 mg, QID.

4. For mucous plaques, add topical mucolytics e.g.
acetyl cysteine 5 to 10%, three times a day.

5. For persistent epithelial defects use:

 Lubricating artificial tear drops, and

» Bandage soft contact lens.

IV. Surgical treatment

For neuroparalytic corneal ulcer caused by herpes

zoster:

1. Lateral tarsorrhaphy should be performed.

2. Amniotic membrane transplantation (AMT) or
conjunctival flap should be considered for non-
healing cases.

3. Tissue adhesive with bandage contact lens for
corneal perforation.

4. Keratoplasty. It may be required for visual
rehabilitation of zoster patients with dense
scarring. However, these are high risk patients.

PROTOZOAL KERATITIS

B ACANTHAMOEBA KERATITIS

Acanthamoeba keratitis has recently gained
importance because of its increasing incidence,
difficulty in diagnosis and unsatisfactory treatment.

Etiology
Acanthamoeba castellani, the causative organism
is a free lying amoeba found in soil, fresh water,
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well water, sea water, sewage and air. It exists in

trophozoite and encysted forms.

Mode of infection. Corneal infection with acanth-

amoeba 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. Non-contact lens related 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
(90% cases) 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 vary from asymptomatic to foreign body
sensation, mild pain to 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 the diagnosis difficult.

Reported lesions of acanthamoeba keratitis are as

below:

1. Epithelial lesions include:

o Epithelial roughening and irregularities, often
mistaken for punctate epitheliopathy,

o Epithelial ridges,i.e., raised epithelial lines,

o Pseudodendrites formation, and

e Epithelial and subepithelial curvilinear opacities
(usually fine).

2. Stromal lesions include:

e Radial keratoneuritis (Fig. 6.12A), reported in
50% cases, seems to be pathognomonic early
sign. It is thought to be the cause of severe pain
disproportionate to inflammation.

e Patchy and satellite stromal infiltrates.

e Ring infiltrates, central or paracentral, with
overlying epithelial defects and underlying keratic
precipitates (Fig. 6.12B).

e Ring abscess (Fig. 6.12C) associated with stromal
necrosis and hypopyon may occur in late stages
and mimics any suppurative keratitis.

3. Limbal and scleral lesions include:

o Limbitis is reported in majority of cases in early
stages of infection.

e Scleritis, usually anterior diffuse or nodular, can be
contiguous with keratitis. Rarely posterior scleritis
with optic neuritis is also reported.

Fig. 6.12 Acanthamoeba keratitis: A, Radial
keratoneuritis; B, Ring infiltrate; and C, Ring abscess



114

Section ITII  Diseases of Eye

Differential diagnosis

1. Viral keratitis. In early stages both epithelial
lesions and early infiltrates are often mistaken for
viral keratitis.

2. Fungal keratitis can also be misdiagnosed when
ring infiltrates are associated with hypopyon.

3. Suppurative keratitis due to bacterial or other
causes may be misdiagnosed in stage of stromal
necrosis, and ring abscess formation.

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. Confocal microscopy, when available allows direct

visualization of the cysts, which is diagnostic.

3. Laboratory diagnosis. Corneal scrapings may be

helpful in some cases as under:

a. Potassium hydroxide (KOH) mount is reliable in

experienced hands for recognition of acanthamoeba

cysts.

b. Calcofluor white stain is a fluorescent brightener

which stains the cysts of acanthamoeba bright apple

green under fluorescence microscope.

c. Lactophenol cotton blue stained film is also useful

for demonstration of acanthamoeba cysts in the

corneal scrapings.

d. Culture on non-nutrient agar (E. coli enriched) may

show trophozoites within 48 hours, which gradually

turn into cysts.

e. Polymerase chain reaction (PCR) for amoebic DNA

is reported to be useful.

f. Corneal biopsy, may be required in non-conclusive

cases, may be positive for amoebic cyst.

Treatment

It is usually unsatisfactory.

1. Non-specific treatment is on the general lines for

corneal ulcer (see page 104).

2. Specific treatment

a. Topical antiamoebic agents include:

o Diamidines: Propamidine isethionate (0.1 %), and
hexamidine (0.1%).

e Biguanides: Polyhexamethylene biguanide
(PHMB), 0.02% and chlorhexidine, 0.02%.

e Aminoglycosides: Neomycin and Paromycin
Imidazoles: Clotrimazole and miconazole.

= Multiple drug therapy is needed for a long time (3-4

months) for early epithelial lesions and 6-12 months

for stromal lesions. Any of the following combination

may be choosen:

¢ Propamidine or hexamidine + PHMB or

o Chlorhexidine + Neomycin or

o Paromycin + clotrimazole or miconazole or
itraconazole.

« Frequency of instillation: hourly for a week, then
taper slowly over 3-4 months for epithelial lesions
and 6-12 months for stromal lesions.

b. Oral ketoconazole 200 mg BID, or itraconazole 100

mg BD may be added in advanced cases.

3. Long-term prophylactic therapy with PHMB, twice

a day for a year is recommended.

4. Penetrating keratoplasty is frequently required in

non-responsive cases. Surgery should be performed

after a full course of maximum medical therapy and

a quiescent phase of at least six months.

ALLERGIC KERATITIS

1. Phlyctenular keratitis (see page 83)
2. Vernal keratitis (see page 79)
3. Atopic keratitis (see page 82)

TROPHIC CORNEAL ULCERS

Trophic corneal ulcers develop due to disturbance
in metabolic activity of epithelial cells. This group
includes: Neurotrophic keratopathy and Exposure
keratopathy.

B NEUROTROPHIC KERATOPATHY

Neurotrophic keratopathy occurs due to decreased
corneal sensations owing to damage of sensory nerve
supply of the cornea.

Causes

A. Congenital

1. Familial dysautonomia (Riley-Day syndrome).
2. Congenital insensitivity to pain.

3. Anhidrotic ectodermal dysplasia.

B

1

. Acquired
. 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,
diabetes.
7. Injury to Gasserian ganglion.

Pathogenesis
Exact pathogenesis is not clear; presumably, the
disturbances in the corneal sensations occur due to
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damage to sensory nerves. 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 anormal blink reflex and normal lacrimal secretions.

Clinical features

Symptoms

e Red eye, swollen eyelids and defective vision are
common complaints.

e No pain, and no tearing are characteristic features.

Signs

1. Ciliary congestion is marked,

2. Corneal signs include:

o Sensations are decreased,

o Sheen islost (dull sheen),

o Punctate epithelial erosions involving the inter-
palpebral area are initial lesions, which soon
converts into,

o Frank epithelial defects due to exfoliation of corneal
epithelium, later followed by,

e Corneal ulcer formation, which is typically
horizontally oval, located in the lower one-half of
the cornea and have grey heaped-up epithelial
borders (Fig 6.13A).

Note. Relapses are very common, even the healed
scars quickly breakdown again.

Treatment

sConventional treatment with antibiotics,
cycloplegics, lubricating drops and patching should
be started immediately.

=Special treatment recommended is topical nerve
growth factor drops and autologous serum drops.
= Amniotic membrane transplantationis recommended
when patients present with large non-healing ulcers.
= Lateral tarsorrhaphy is usually required to promote
healing and prevent relapses. It should be kept at
least for one year alongwith and prolonged use of
artificial tears is also recommended.

B EXPOSURE KERATOPATHY

Normally corneais covered by eyelids during sleep and
is constantly kept moist by blinking movements during
awakening. 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 keratopathy:

1. Extreme proptosis due to any cause will allow
inadequate closure of lids.
. Bell’s palsy or any other cause of facial palsy.
. Ectropion of severe degree.
. Symblepharon causing lagophthalmos.
. Deep coma associated with inadequate closure of
lids.
6. Physiological lagophthalmos. Occasionally,
lagophthalmos during sleep may occur in healthy
individuals.

Gl & W N

Pathogenesis

Due to exposure the corneal epithelium dries up
followed by dessication. After the epithelium is cast
off, invasion by infective organisms may occur.

Clinical features

Symptoms and signs of the causative disease are evident.

Symptoms of exposure keratopathy include ocular

irritation, burning, foreign body sensation and

redness. Symptoms are usually worse in the morning.

Signs of exposure keratopathy are:

=Drying of cornea occurs to begin with due to
inadequate blinking or closure of the lids.

= Punctate epithelial defects develop in the lower third
of cornea or as a horizontal band in the region of
palpebral fissure (Fig. 6.13).

=Corneal ulceration may develop soon due to
necrosis followed by bacterial superinfection. If
neglected, corneal ulcer may even perforate soon.

Treatment

1. Prophylaxis. Once lagophthalmos is diagnosed

following measures should be taken to prevent

exposure keratitis.

o Artificial tears should be instilled frequently.

o 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.

o Treatment of the cause of exposure: e.g., proptosis,
ectropion, symblepharon should be taken up.

2. Treatment of the corneal ulcer once developed is

on the general lines (see page 104). 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.

PERIPHERAL ULCERATIVE
KERATOPATHIES

Peripheral ulcerative keratopathies (PUKs),
characterized by peripheral corneal thinning, infiltrates
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Fig. 6.13 Trophic corneal ulcers: A, Neurotrophic; B, Exposure keratitis (Note punctate
epithelial defects in the lower third of cornea)

and ulceration, includes various conditions with

different etiologies. Some of the PUKs are as follows:

o Peripheral ulcerative keratitis associated with
connective tissue disorders,

e Mooren’s ulcer,

» Rosacea keratitis,

o Marginal keratitis (catarrhal ulcer) of Staphy-
lococcal hypersensitivity (see page 105),

o Terrien marginal degeneration (see page 124),

o Pellucid marginal degeneration (see page 124),

o Phlyctenular keratitis (see page 84), and

e Dellen.

I PERIPHERAL ULCERATIVE KERATITIS
ASSOCIATED WITH CONNECTIVE TISSUE
DISEASES (MARGINAL KERATOLYSIS)

Causes

Peripheral corneal ulceration and/or melting of

corneal tissue is not of infrequent occurrence in

patients suffering from connective tissue diseases
such as:

¢ Rheumatoid arthritis,

o Systemic lupus erythematosus (SLE),

« Polyarteritis nodosa, and

e Wegener’s granulomatosis.

Clinical features

o Peripheral acute corneal ulceration with rapid
progression, usually in one sector, associated with
inflammation at the limbus in one or both eyes.

e Peripheral corneal guttering or thinning may involve
entire corneal periphery (contact lens cornea).

e Peripheral corneal melting may result in
descemetocele formation or even perforation.

o Corneal ulceration may be the first manifestation of
the systemic disease and there may be associated
systemic features of any of the causative disease.

Treatment
Such corneal ulcers are usually indolent and difficult
to treat.

1. Topical medication include, antibiotics, cyclop-

legics and frequent instillation of lubricating drops.

Topical steroids may be used with great caution, but

not in the presence of significant thinning.

2. Systemic medication includes immunosupp-

ressants (corticosteroids, or methotrexate, cycloph-

osphamide), doxycycline and oral vitamin C (to

promote a healing stromal environment).

3. Surgical measures needed include:

o Excision of adjacent inflamed conjunctiva,

e Bandage contact lens or conjunctival flap for
impending perforation,

e Application of cyanoacrylate tissue adhesive
or peripheral tectonic keratoplasty for actual
perforation.

I MOOREN’S ULCER
Mooren'’s ulcer (chronic serpiginous or rodent ulcer) is
a severe inflammatory peripheral ulcerative keratitis.

Etiology

Exact etiology is not known. Most probably it is an
autoimmune disease (antibodies against corneal
epithelium have been demonstrated in serum).

Clinical features
Two clinical varieties of Mooren’s ulcer have been
recognised.

1. Benign or limited form which is usually unilateral,
affects the elderly Caucasians and is characterised
by a relative slow progress.

2. Virulent type also called the progressive form is
bilateral, more often occurs in young African
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. 6.14.

o Itis 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.
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Fig. 6.14 Mooren’s ulcer: A, Diagrammatic depiction; B,
Clinical photograph

e Peripheral ulcer is associated with undermining of
the epithelium and superficial stromal lamellae at
the advancing border which forms a characteristic
whitish overhanging edge. Base of the ulcer soon
becomes vascularized. The spread may be self-
limiting or progressive.

e At the end-stage, the cornea is thinned and
conjunctivalised.

e Ulcer rarely perforates and the sclera remains
uninvolved.

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. Softcontact lenses have also been used with some
relief in pain.

4. Lamellar or full thickness corneal grafts often melt
or vascularize.

I ROSACEA KERATITIS

Corneal ulceration is seen in about 10% cases of acne
rosacea, which is primarily a disease of the sebaceous
glands of the skin.

Clinical features

1. Facial eruptions presenting in butterfly
configuration, predominantly involving the malar
and nasal area of face typically occurs in elderly
women.

2. Ocular lesions include chronic blepha-
roconjunctivitis 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.

2. Systemic treatment. The essential and most
effective treatment of rosacea keratitis is a long
course of systemic tetracycline (250 mg QID x 3
weeks, TDS x 3 weeks, BID x 3 weeks, and once a
day for 3 months).

NON-ULCERATIVE KERATITIS

Non-ulcerative keratitis can be divided into two
groups: Non-ulcerative superficial keratitis and Non-
ulcerative deep keratitis.

NON-ULCERATIVE SUPERFICIAL
KERATITIS

This group includes a number of conditions of varied
etiology. Here, the inflammatoryreaction 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
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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,
pharyngoconjunctival 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-ophthalmia.

Morphological types

1. Punctate epithelial erosions (multiple superficial
erosions).

2. Punctate epithelial keratitis (Figs. 6.15A and B).

Punctate subepithelial keratitis (Figs. 6.15C and D).

4. Punctate combined epithelial and subepithelial
keratitis (Figs. 6.15E and F).

5. Filamentary keratitis (Figs. 6.15G and H).

w
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Fig. 6.15 Morphological types of superficial punctate
keratitis. diagrammatic depictions and clinical photographs
of: A and B, Punctate epithelial; C and D, Punctate sub-
epithelial keratitis; E and F, Punctate combined epithelial
and subepithelial keratitis; G and H, 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 presents with acute 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
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whenever possible e.g., antiviral drugs in cases of
herpes simplex.

B PHOTO-OPHTHALMIA

Photo-ophthalmia refers to occurrence of multiple
epithelial erosions due to the effect of ultraviolet rays
especially from 311 to 290 u.

Causes

o Exposure to bright light of a short circuit.

o Naked arc light exposure as in industrial welding
and cinema operators.

o 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 desqua-
mation of corneal epithelium leading to formation
of multiple epithelial erosions.

Clinical features

o Typically, patient presents with severe burning pain,
lacrimation, photophobia, blepharospasm, swelling
of palpebral conjunctiva and retrotarsal folds.

e History of exposure to ultraviolet rays 4-5 hours
earlier is positive.

e On fluorescein staining multiple spots are
demonstrated on both corneas.

Prophylaxis

e 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

e Cold compresses.

e Patching with antibiotic ointment for 24 hours,
heals most of the cases.

¢ Oral analgesics may be given if pain is intolerable.

e Single dose of tranquilizer 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 is chronic with remissions and
exacerbations.

Symptoms include:

o Bilateral ocular irritation.

o Mild photophobia, and redness in superior bulbar
conjunctiva.

Signs include (Fig. 6.16):

o Congestion of superior limbic, bulbar and tarsal
conjunctiva.

o Punctate keratitis which stains with fluorescein
and rose Bengal stain is seen in superior part of
cornea.

o Corneal filaments are also frequently seen in the
involved area.

Treatment

o Artificial tears provide soothing effect.

o Topical corticosteroids in low doses may reduce the
symptoms temporarily.

e Faint diathermy of superior bulbar conjunctiva in
a checker board pattern gives acceptable results.

e 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.

o Therapeutic soft contact lenses for a longer period
may be helpful in healing the keratitis.

| e Sy 3 Wil . s
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Fig. 6.16 Superior limbic keratoconjunctivitis:
A, Diagrammatic depiction; B, Clinical photograph
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I THYGESON'’S SUPERFICIAL PUNCTATE
KERATITIS

It is a type of chronic, recurrent bilateral superficial

punctate keratitis, which has got a specific clinical

identity.

Etiology

Exact etiology is not known.

e A viral origin has been suggested without any
conclusion.

e An allergic or dyskeratotic nature also has been
suggested owing to its response to steroids.

Clinical features

e Age and sex. It may involve all ages with no sex
predilection.

e Laterality. Usually bilateral.

o 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.

Signs

e Conjunctiva is uninflamed (no conjunctivitis).

o 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

e Disease is self-limiting with remissions and may
permanently disappear in a period of 5-6 years.

e Topical steroids during exacerbations the lesions
and associated symptoms usually respond
quickly to topical steroids (so, should be tapered
rapidly).

o Therapeutic soft contact lenses may be required in
steroid-resistant cases.

B FILAMENTARY KERATITIS
Itis 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.

Causes

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.

Clinical features

Symptoms

Patients usually experience moderate pain, ocular

irritation, lacrimation and foreign body sensation.

Signs

Corneal examination reveals (Fig. 6.15G and H):

e 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.

o 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.

I INTERSTITIAL KERATITIS

Interstitial keratitis denotes an inflammation of the
corneal stroma without primary involvement of the
epithelium or endothelium.

Causes. Its common causes are:
 Congenital syphilis

o Tuberculosis

o Cogan’s syndrome
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 Acquired syphilis
o Trypanosomiasis
e Malaria

e Leprosy

o Sarcoidosis.

Syphilitic (Luetic) Interstitial Keratitis
Syphilitic interstitial keratitis is associated more
frequently (90%) 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
times it may be a part of Hutchinson'’s triad, which
includes interstitial keratitis, Hutchinson’s teeth and
vestibular deafness.

The clinical features 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 by a diffuse corneal haze giving it a ground
glass appearance. This stage lasts for about 2 weeks.
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’ (Fig. 6.17).
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.

Fig. 6.17 Intenstitial keratitis: Salmon patch appearance

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.

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 includes:

e 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.

o Atropine eye ointment 1% 2-3 times a day.

o Dark goggles to be used for photophobia.

o Keratoplasty is required in cases where dense
corneal opacities are left.

2. Systemic treatment includes:

e 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.

o 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
is more frequently unilateral and sectorial (usually
involving a lower sector of cornea).
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Treatment consists of systemic antitubercular drugs,
topical steroids and cycloplegics.

Cogan’s Syndrome

This syndrome comprises the interstitial keratitis
of unkown etiology, acute tinnitus, vertigo, and
deafness. It typically occurs in middle-aged adults
and is often bilateral.

Treatment consists of topical and systemic cortico-
steroids. An early treatment usually prevents
permanent deafness and blindness.

ll 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

. Hyaline degeneration

. Amyloidosis

. Calcific degeneration (Band keratopathy)

. Salzmann’s nodular degeneration.

I. Peripheral degenerations

. Arcus senilis

. Vogt’s white limbal girdle

. Hassall-Henle bodies

. Terrien’s marginal degeneration

. Mooren’s ulcer

. Pellucid marginal degeneration

. Furrow degeneration (senile marginal degen-
eration).

[S2 -GV V]
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. Depending upon etiology
Age-related degenerations. Arcus senilis, Vogt’s
white limbal girdle, Hassall-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.

M |. AGE-RELATED CORNEAL DEGENERATIONS

Arcus Senilis

Arcus senilis refers to an annular lipid infiltration
of corneal periphery. This is an age-related change
occurring bilaterally in 60% of persons between 40
and 60 years of age and in nearly all individuals over

p—

the age of 80. Sometimes, similar changes may occur
in young persons (arcus juvenilis) which may or may
not be associated with hyperlipidemia.

Clinical features

e The arcus starts in the superior and inferior
quadrants and then progresses circumferentially
to form aring which is about 1 mm wide. Peripheral
border of this ring opacity is sharp while central
border is diffuse.

« Thisring of opacity is separated from the limbus by
a clear zone (the lucid interval of Vogt) (Fig. 6.18).

o Sometimes there may be double ring of arcus.

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.

Hassall-Henle Bodies

Hassall-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.

M 1I. PATHOLOGICAL CORNEAL DEGENERATIONS
Fatty Degeneration (Lipoid Keratopathy)
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.

oy

Fig. 6.18 Arcus senilis



Chapter 6 Diseases of Cornea

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
cornea 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 newblood vessels.

Hyaline Degeneration

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.

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.

Etiology

e Ocular diseases complicated by band keratopathy
include chronic uveitis in adults, children with
Still’s disease, phthisis bulbi, chronic glaucoma,
chronic keratitis and ocular trauma.

o Age-related BSK is common and affects otherwise
healthy cornea.

e Primary BSK is familial.

e Metabolic conditions rarely associated with BSK
include hypercalcaemia, hyperphosphataemia,
hyperuricemia and chronic renal failure.

Clinical features

It typically presents as a band-shaped opacity in the
interpalpebral zone with a clear interval between
the ends of the band and the limbus (Fig. 6.19). The

Fig. 6.19 Band-shaped keratopathy in a patient with
chronic uveitis

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

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 2-3
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.

4. Treatment of underlying causative disease.

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,
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Fig. 6.20 Salzmann’s nodular degeneration

are seen within the cornea (Fig. 6.20). 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. Ittypically 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.

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 (Fig. 6.21). In
marked degeneration, the vision is affected.
Treatment in advanced cases is by corneal trans-
plantation.

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.

Fig. 6.21 Spheroid corneal degeneration

Clinical features are as follows:

1. Predominantly affects males usually after 40 years
of age.

2. Mostly involves superior peripheral cornea.

3. Initiallesion 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 (Fig. 6.22). 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

Fig. 6.22 Terrien’s marginal degeneration
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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.

Note. Recent studies have revealed that all the above
definitions are not true for every type of corneal
dystrophy. However, the International Committee
for Classification of Corneal Dystrophies (2008) has
decided to continue with the above given customary
definition of corneal dystrophies.

Classification
The International Committee for Classification of
Corneal Dystrophies (IC3D) in 2008 has proposed
a new classification of corneal dystrophies, which
in addition to the anatomic basis (site primarily
involved) also incorporates the current clinical,
pathological and genetic basis. Therefore, dystrophies
with a common genetic basis, i.e., TGFB1 dystrophies
have been grouped together (irrespective of the
primary location of the lesion). The new IC3D
classification of corneal dystrophies is as below:
I. Epithelial and subepithelial dystrophies
1. Epithelial basement membrane dystrophy
(EBMD).
2. Epithelial recurrent erosion dystrophy (ERED).
3. Subepithelial mucinous corneal dystrophy
(SMCD).
4. Mutation in keratin genes: Meesmann corneal
dystrophy (MECD).
Lisch epithelial corneal dystrophy (LECD).
6. Gelatinous drop-like corneal dystrophy
(GDLD).
II. Bowman layer dystrophies
1. Reis-Bucklers corneal dystrophy (RBCD)
Granular corneal dystrophy type 3.
2. Thie-Behnke corneal dystrophy (TBCD).
3. Grayson-Wilbrandt corneal dystrophy (GWCD).
III. Stromal dystrophies
1. TGFP1 corneal dystrophies
a. Lattice corneal dystrophy
i. Classic lattice corneal dystrophy 1 (LCD 1)
ii. Lattice corneal dystrophy, gelsolin type 2
(LCD 2)
b. Granular corneal dystrophy
i. Granular corneal dystrophy, type 1 (classic)
(GCD 1)
ii. Granular corneal dystrophy, type 2 (granular
lattice) (GCD 2)
iii. Granular corneal dystrophy, type 3 (GCD 3)
2. Macular corneal dystrophy (MCD).
3. Schnyder corneal dystrophy (SCD).
4. Congenital stromal corneal dystrophy (CSCD).

<

5. Fleck corneal dystrophy (FCD).
6. Posterior amorphous corneal dystrophy
(PACD).
7. Central cloudy dystrophy of Francois (CCDF).
8. Pre-Descemet corneal dystrophy (PDCD).
IV.Descemet membrane and endothelial dystrophies

1. Fuchs endothelial corneal dystrophy (FECD).

2. Posterior polymorphous corneal dystrophy
(PPCD).

3. Congenital hereditary endothelial dystrophy 1
(CHED 1).

4. Congenital hereditary endothelial dystrophy 2
(CHED 2).

5. X-linked endothelial corneal dystrophy
(XECD).

M I. EPITHELIAL AND SUBEPITHELIAL
DYSTROPHIES

1. Epithelial Basement Membrane Dystrophy

Epithelial basement membrane dystrophy (EBMD)

is also known as map-dot-fingerprint dystrophy or

Cogan microcystic epithelial dystrophy or anterior

basement membrane dystrophy.

Inheritance. Most cases have no inheritance

documented.

Genetic locus and gene are 5q31 and TGFpPI,

respectively.

Onset, course and symptoms. Presents in adult life,

rarely seen in children. Asymptomatic or recurrent

erosions with pain, lacrimation and blurred vision

are observed. Except for the bleb pattern, on-axis

lesions may also cause blurred vision due to irregular

astigmatism. Location and degree of pathology can

fluctuate with time.

Signs. Typical lesions include (Fig. 6.23):

o Maps. Irregular islands of thickened, gray, hazy
epithelium with scalloped, circumscribed borders,

Fig. 6.23 Epithelial basement membrane dystrophy
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particularly affecting the central or paracentral
cornea. Isolated or combined with other signs.

o Dots (Cogan). Irregular round, oval or comma-
shaped, non-staining, putty-gray opacities.
Clustered like an archipelago in the central cornea.
Typically combined with other signs, especially
with maps.

o Fingerprint lines. Parallel, curvilinear lines, usually
paracentral, best seen in retroillumination. They
may be isolated or combined with other signs,
especially maps.

e Bleb pattern (Bron). A subepithelial pattern like
pebbled glass, best seen by retroillumination.
Isolated or combined with other signs.

Note. Poor adhesion of basal epithelial cells

to abnormal basal laminar material is thought

predisposition to recurrent erosions.

2. Epithelial Recurrent Erosion Dystrophy

Onset and course. Epithelial recurrent erosion

dystrophy (ERED), also known as corneal erosions

or recurring hereditary dystrophy, usually occurs in
first decade of life.

Inheritance is autosomal dominant.

Genetic locus and gene involved are unknown.

Onset and course. Recurrent corneal erosions appear

typically at 4-6 years of age but occasionally as early

as 8 months of age. Attacks generally decline in
frequency in intensity and cease by the age of 50 years.

Signs include (Fig. 6.24):

e Corneal erosions are seen during the attack
recurrent corneal erosions appear typically at 4-6
years of age but occasionally as early as 8 months
of age. Attacks generally decline in frequency and
intensity and cease by the age of 50 years.

o Subepithelial haze or blebs may be seen between
the attacks.

Fig. 6.24 Lattice corneal dystrophy

o Central subepithelial corneal opacities, may
appear as early as 7 years of age. These vary from
subepithelial fibrosis to protruding keloid-like
nodules.

Symptoms are precipitated by minimal trauma or

occur spontaneously and are in the form of attacks

of redness, photophobia, epiphora and ocular pain.

Treatment. About 25% of the patients may eventually

need corneal grafts at the mean age of 45 years.

3. Subepithelial Mucinous Corneal
Dystrophy

Inheritance is autosomal dominant.

Genetic locus and gene is unknown.

Onset and course. Onset is in the first decade of
life and progressive loss of vision occurs in adole-
scence.

Signsinclude bilateral subepithelial opacities and haze,
most dense centrally, involving the entire cornea.
Symptoms include painful episodes of recurrent
corneal erosions, which decrease during adolescence.

4. Mutations in Keratin Genes: Meesmann

Corneal Dystrophy

Onset and course. Meesmann corneal dystrophy

(MECD) also known as juvenile hereditary epithelial

dystrophy occurs in early childhood and the

condition is slowly progressive. Its variant is Stocker-

Holt dystrophy.

Inheritance is autosomal dominant.

Geneticlociare 12q13 (KRT3) and 17q12 (KRT 12) for

Stocker-Holt variant .

Genes involved are Keratin K3 (KRT3) and Keratin

K12 (KRT12) for Stocker-Holt variant.

Signs. Characteristic lesions include:

o Multiple, tiny epithelial vesicles which extend to the
limbus and are most numerous in the interpalpebral
area with clear surrounding epithelium.

o Whorled and wedge-shaped epithelial patterns
have also been reported.

e Corneal thinning and reduction in corneal
sensation may be noted.

e In Stocker-Holt variant, the entire cornea
demonstrates fine, grayish punctate epithelial
opacities that stain with fluorescein and fine linear
opacities that may appear in a whorl pattern.

Symptoms. Patients are typically asymptomatic or

may have mild visual reduction, although some

patients complain of glare and light sensitivity.

Recurrent painful punctiform epithelial erosions

may occur. Rarely, blurred vision results from corneal

irregularity and scarring.
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5. Lisch Epithelial Corneal Dystrophy

Onset and course. Lisch epithelial corneal dystrophy

(LECD) also known as band-shaped and whorled

microcystic dystrophy of the corneal epithelium

occursin childhood and there occurs slow progression
of opacities with possible deterioration in vision.

Inheritance is X-chromosomal dominant.

Signs are as below.

e Direct illumination shows localized gray
opacities in different patterns: whorl-like, radial,
band-shaped, flame/feathery shaped, and club
shaped.

e Indirect illumination demonstrates multiple,
densely crowded clear cysts with clear surrounding
epithelium.

Symptoms. The condition is asymptomatic, blurring

of vision occurs if the pupillary zone is involved.

6. Gelatinous Drop-Like Corneal Dystrophy

(GDLD)

Onset and course. Gelatinous drop-like corneal

dystrophy (GDLD) also known as subepithelial

amyloidosis or primary familial amyloidosis

(Grayson) occurs in the first decade of life and the

condition is progressive.

Genetic locus is 1p32 and gene involved is tumour-

associated calcium signal transducer 2 (TACSTD2)

Inheritance is autosomal recessive.

Signs include:

o Subepithelial lesions which appear initially may
be similar to band-shaped keratopathy or there
may be groups of small multiple nodules, that is,
mulberry configuration.

o Superficial vascularization is frequently seen.

o Stromal opacification or larger nodular lesions, that
is, kumquat-like lesions may appear in later life.
Symptoms include significant decrease in vision,

photophobia, irritation, redness, and tearing.

M 1. BOWMAN LAYER DYSTROPHIES

1. Reis-Bucklers Corneal Dystrophy

Onset and course. Reis-Bucklers corneal dystrophy
(RBCD) also known as corneal dystrophy of Bowman
layer, type I (CDBI) or geographic corneal dystrophy
(Weidle), occurs in childhood and causes slowly
progressive deterioration of vision.

Geneticlocusis 5931 and the gene involved is TGFBI.
Inheritance is autosomal dominant.

Signs include confluent irregular and coarse
geographic-like opacities with varying densities

which develop at the level of Bowman layer and
superficial stroma, initially separated from one
another. Opacities may extend to the limbus and
deeper stroma with time.

Symptoms. Vision is impaired from childhood.
Recurrent corneal erosions cause ocular discomfort
and pain in the first decade but may become less
severe from the end of the second decade.

2. Thiel-Behnke Corneal Dystrophy

Onset and course. Thiel-Behnke corneal dystrophy
(TBCD) also known as corneal dystrophy of Bowman
layer, type II (CDB2) or honeycomb-shaped corneal
dystrophy occurs in childhood and causes slowly
progressive deterioration of vision.

Geneticlocusis 5q31 and the geneinvolved is TGFB1.
Inheritance is autosomal dominant.

Onset and course. Occurs in childhood and there
occurs slowly progressive deterioration of vision from
increasing corneal opacification.

Signs include symmetrical subepithelial reticular
(honeycomb) opacities with peripheral cornea
typically uninvolved, which can progress to deep
stromal layers and corneal periphery.

Symptoms. Recurrent corneal erosions cause ocular
discomfort and pain in the first and second decade.
Gradual visual impairment develops later.

3. Grayson-Wilbrandt Corneal Dystrophy
(GWCD)

Onset and Course. Occurs during first to second
decade of life and the condition is progressive.
Inheritance is autosomal dominant.

Signs. Bowman layer demonstrates variable patterns
of opacification from diffuse mottling to diffuse
gray-white opacities, which extend anteriorly into
the epithelium. The cornea between the deposits
is clear. Refractile bodies are described in corneal
stroma.

Symptoms. Decreased to normal visual acuity.
Recurrent corneal erosions may cause ocular
discomfort and pain.

M 11l. STROMAL CORNEAL DYSTROPHIES

1. TGFB1 Corneal Dystrophies

These include:

A. Lattice corneal dystrophy, which is of two types:

i. Classic lattice corneal dystrophy (LCD1)

ii. Lattice corneal dystrophy, gelsolin type (LCD2)

B. Granular corneal dystrophy, which is of three types:

i. Granular corneal dystrophy, type 1 (classic)
(GCD1)
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ii. Granular corneal dystrophy, type 2 (granular
lattice) (GCD2)
iii. Granular corneal dystrophy, type 3 (GCD3).

A. Lattice corneal dystrophy
i. Classical lattice corneal dystrophy:
Classic lattice corneal dystrophy (LCD1) is also
known as Biber-Haab-Dimmer dystrophy.
Geneticlocusis 5q31 and the gene involved is TGFBI.
Inheritance is autosomal dominant.
Onset, symptoms and course. It appears at the age of
2 years and the condition is progressive. Recurrent
erosions are frequent and ocular discomfort and
pain occurs sometimes starting as early as in the
first decade of life. 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 30-40 years.
Signs. The disease is characterised by branching
spider-like amyloid deposits forming an irregular
lattice work in the corneal stroma, sparing the
periphery (Fig. 6.24). The number of lattice lines
may differ between the 2 eyes and the dystrophy may
be difficult to diagnose in some younger patients.

ii. Lattice corneal dystrophy, Gelsolin Type (LCD2)

Lattice corneal dystrophy, Gelsolin type is also

known as Familial amyloidosis of Finnish (FAF) or

Meretoja syndrome.

Geneticlocus is 9934 and the gene involved is Gelsolin

GSN.

Inheritance is autosomal dominant.

Onset and course. Onset occurs in third to fourth

decade of life, the condition is slowly progressive

and the majority of patients are in good health even
in the seventh decade.

Signs include:

e Lattice lines appear in the corneal stroma
(spreading centripetally from the limbus) which
are more peripheral and less numerous than those
of lattice dystrophy, type 1. The central cornea is
relatively spared.

o Corneal sensitivity is reduced or absent.

Symptoms include:

e Dry eye symptoms are frequent, and corneal
erosions may occur late in life.

o Visual acuity is usually normal until the sixth
decade because the dystrophy progresses from the
peripheral to central cornea.

B. Granular dystrophy

i. Granular corneal dystrophy, Type 1 (Classic) (GCDI)
Onset and course. Granular corneal dystrophy, Type
1 (Classic) (GCD 1), also known Corneal dystrophy

Groenouw type 1 occurs in childhood, may be

seen as early as 2 years of age. As the condition

progresses, the opacities become more confiuent in
the superficial cornea.

Geneticlocusis 5q31 and the gene involved is TGFB1.

Inheritance is autosomal dominant.

Signs. The condition is characterised by (Fig. 6.25)

milky granular hyaline deposits in anterior stroma.

Intervening stroma is clear. Opacities do not extend

to the limbus. In children, there may be a vortex

pattern of brownish granules superficial to Bowman
layer. In later life, granules may extend into the
deeper stroma down to Descemet membrane.

Symptoms include:

e Glare and photophobia are early symptoms.

 Recurrent erosions occur frequently causing ocular
discomfort, pain and watering.

o Visual acuity decreases as opacification progresses
with age.

ii. Granular corneal dystrophy, Type 2 (Granular-

Lattice) (GCD2)

Onset and course. Granular corneal dystrophy, Type 2

(Granular-Lattice) (GCD2) also known as combined

granular-lattice corneal dystrophy or Avellino corneal

dystrophy, occurs in first decade, may be as early as 3

years of age and the condition is generally progressive.

Genetic locus is 5931 and gene involved is TGFB1.

Inheritance is autosomal dominant.

Signs include:

o Subtle superficial stromal tiny whitish dots are
initial lesions.

e Rings or stellate-shaped snowflake stromal opacities
appearing between the superficial stroma and the
mid stroma are next lesions.

e Latticelinesin deeper cornea may be seen in some
patients. Typically, these lines are located deeper
than the snowflake stromal opacity.

Fig. 6.25 Granular corneal dystrophy type 1
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o Superficial, translucent flattened breadcrumb
opacities are seen in the final stages, which may
coalesce in the anterior stroma.

Symptoms include:

o Vision decreases with age as the central visual axis
becomes affected.

e Pain and ocular discomfort may accompany mild
corneal erosions.

2. Macular Corneal Dystrophy

Onset and course. Macular corneal dystrophy (MCD),

also known as Groenouw corneal dystrophy type II

or Fehr spotted dystrophy, occurs in childhood and

is slowly progressive.

Genetic locus is 16922 and gene involved is

carbohydrate sulfotransferase 6 gene—CHST6.

Inheritance is autosomal recessive.

Signs include:

o Diffuse stromal haze extending to the limbus is the
initial lesion.

e Macules, i.e., superficial, central, elevated, irregular
whitish opacities develop later and give the
condition its name (Fig. 6.26).

o Posterior peripheral white lesions are also seen.

o Corneal sensitivity is reduced.

Symptoms include:

e Recurrent corneal erosions cause photophobia
and pain.

o Visual impairment, usually severe, occurs between
10 and 30 years of age.

3. Schnyder Corneal Dystrophy

Schnyder corneal dystrophy (SCD) is also known as
hereditary crystalline stromal dystrophy of Schnyder.
Affected patients and non-affected members of the
pedigrees may have hyperlipoproteinemia.
Genetic locus is 1 p36 and the gene involved is UbiA
prenyltransferase domain containing 1—UBIAD1.

Fig. 6.26 Macular corneal dystrophy

Inheritance is autosomal dominant.

Onset and course. The dystrophy appears in early

infancy or at birth or sometimes in the first decade of

life. It is slowly progressive and usually asymptomatic.

Signs include:

e Round ring-shaped central corneal stromal
opacities due to deposition of fine needle-like
cholesterol crystals, which may be white to yellow or
polychromatic in colour are characteristic lesions.

o Corneal sensations decrease with age.

Symptoms include:

o Visual acuity progressively decreases with age.
Although scotopic vision may be remarkably
good, photopic vision may be disproportionately
decreased.

¢ Glare which increase with age.

4. Congenital Stromal Corneal Dystrophy
Onset and course. Congenital stromal corneal
dystrophy (CSCD), also known as congenital
hereditary stromal dystrophy occurs congenitally and
is a nonprogressive or slowly progressive condition.
Genetic locus is 12q21.33 and the gene involved is
decorin—DCN.

Inheritance is autosomal dominant.

Signs and symptoms. The characteristic lesions are
diffuse, bilateral, corneal clouding with flake-like,
whitish stromal opacities throughout the stroma,
causing moderate to severe visual loss.

5. Fleck Corneal Dystrophy

Onset and course. Fleck corneal dystrophy (FCD)
also known as Francois-Neetens speckled corneal
dystrophy occurs congenitally and is a non-
progressive condition.

Gene locus is 2q35 and the gene involved is
phosphatidylinositol-3-phosphate/phospha-
tidylinositol 5-Kinase type III—PIP5K3.

Inheritance is autosomal dominant.

Signs and symptoms. The condition is asymptomatic
characterized by small, translucent, discoid
opacities or discrete, flat, gray-white, dandruff-
like (sometimes ring-shaped) opacities scattered
sparsely throughout any level of the otherwise clear
stroma.

6. Posterior Amorphous Corneal Dystrophy
Onset and course. Posterior amorphous corneal
dystrophy (PACD), also known as Posterior
amorphous stromal dystrophy, often occurs in the
first decade of life. It has been noted as early as 16
weeks, suggesting a congenital nature. The condition
is non or slowly progressive.
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Inheritance is autosomal dominant.

Signs and symptoms. It presents as diffuse gray-white,
sheet-like opacities that can involve any layer of the
stroma but are most prominent posteriorly. The
condition is largely asymptomatic except for mild
decrease in visual acuity (usually better than 6/12).

7. Central Cloudy Dystrophy of Francois
Onset and course. Central cloudy dystrophy of
Francois (CCDF) occurs in first decade and is non-
progressive.

Inheritance is unknown.

Signs and symptoms. The condition is mostly
asymptomatic and is characterized by cloudy central
polygonal or rounded stromal opacities that fade
anteriorly and peripherally and are surrounded by
clear tissue.

8. Pre-Descemet Corneal Dystrophy

Onset and course. Onset usually occurs after 30 years
of age but has been found in children as young as
3 years. The condition is usually non-progressive,
some conditions may show progression.
Inheritance is unknown.

Signs and symptoms. The condition is usually
asymptomatic and is characterized by focal, fine, gray
opacities in the deep stroma immediately anterior to
Descemet membrane with a variety of shapes.

M IV. DESCEMET MEMBRANE AND
ENDOTHELIAL CORNEAL DYSTROPHIES

1. Fuchs Endothelial Corneal Dystrophy
Onsetand course. Fuchs endothelial corneal dystrophy
(FECD), also known as endoepithelial corneal
dystrophy, is frequently seen as a slowly progressive
bilateral condition affecting females more than males
(F:M::4:1), usually between fifth and seventh decade
of life. Primary open angle glaucoma is its common
association.

Inheritance. It may be autosomal dominant or
sporadic (more common) in nature.

Genetic locus is 13p. No gene has been associated.
Clinical features can be divided into following four
stages:

1. Stage of cornea guttata. It is characterised by the
presence of Hassall-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.

2. Oedematous stage or stage of endothelial
decompensation (Fig. 6.27) is characterised by the

Fig. 6.27 Fuch’s endothelial corneal dystrophy

occurrence of early stromal oedema and epithelial
dystrophy. Patients complaint 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,
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.

Specular microscopy reveals decreased endothelial
cell count, increased average cell diameter, decreased
hexagons and increased variation in cell size.

Treatment is as follows:

1. Hypertonic saline: (5% sodium chloride) may be
of some use in early oedematous stage.

2. Warm air blown on the eyes (e.g. hair dryer) helps
in reducing oedema.

3. Intraocular pressure lowering drugs e.g. 0.5%
timolol or others should be used to treat associated
ocular hypertension.

4. Bandage soft contact lenses provide some relief from
disturbing symptoms in bullous keratopathy stage.

5. Penetrating keratoplasty is the treatment of choice
when the visual acuity is reduced markedly.

2. Posterior Polymorphous Corneal
Dystrophy (PPCD)

Onset and course. Posterior polymorphous corneal
dystrophy (PPCD) also known as Schlichting
dystrophy occurs in early childhood and is very
slowly progressive.

Inheritance is autosomal dominant.

Genetic LociarePPCD 1—20p 1-1.2q 1-1.2; PPCD 2—
1 p34.3—p32.3; PPCD 3—10p 1-1.2.
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Genes involved are: PPCD 1—unknown; PPCD 2—
collagen type VIII alpha 2, COL8A2 and PPCD 3—
two- handed zinc-finger homeodomain transcription
factor 8—ZEB 1.

Signs and symptoms. The condition is often

asymptomatic. The signs include:

o Deep corneal lesions of various shapes including
nodular, vesicular (isolated, in clusters, or
confluent) and blister-like lesions.

e Railroad tracks appearance lesions (multiple and
isolated) (Fig. 6.28).

o Varying gray tissue at the level of Descemet
membrane.

3. Congenital Hereditary Endothelial

Dystrophy 1

Onset and course. Congenital hereditary endothelial

dystrophy 1 (CHED 1 ) occurs in first or second

year of life, occasionally congenital. Progression of
corneal clouding occurs over 1-10 years.

Genetic Locus is 20p 1 1.2 q 1-1.2 (pericentromeric

region) and gene is unknown.

Inheritance is autosomal dominant.

Signs and symptoms include:

o Endothelial changes in form of moon crater-like
appearance and peau d’'orange texture may be seen
(Such patients are asymptomatic).

o Corneal clouding ranging from a diffuse haze to a
ground-glass, milky appearance with occasional
focal gray spots causing blurred vision associated
with photophobia and watering. Vision is
characteristically worse in the morning.

e Thickening of the cornea, can be 2-3 times of
normal thickness.

o Subepithelial band keratopathy may be seen
occasionally.

o IOP may be elevated rarely.

Fig. 6.28 Posterior polymorphous corneal dystrophy

4. Congenital Hereditary Endothelial

Dystrophy 2

Onset and course. Congenital hereditary endothelial

dystrophy 2 (CHED2) also called as Maumenee

corneal dystrophy occurs congenitally and is a

relatively stationary condition.

Genetic locus is 20p 13 (telomeric portion) and the

gene involved is solute carrier family 4, sodium

borate transporter, member 11—SLC4A 11.

Inheritance is autosomal recessive.

Signs and symptoms are similar to CHED 1 except:

e The condition is more common and severe than
CHED 1.

« Nystagmus is often associated.

5. X-linked Endothelial Corneal Dystrophy

Onset and course. X-linked endothelial corneal

dystrophy (XECD) occurs congenitally and is a

progressive condition in males and non-progressive

in females.

Genetic locus is Xq25 and the gene involved is

unknown.

Inheritance is X-chromosomal dominant.

Signs and symptoms are as below:

Male patients have blurring of vision associated with:

o Corneal clouding since birth ranging from a diffuse
haze to a ground-glass, milky appearance.

e Moon crater-like endothelial changes.

o Subepithelial band keratopathy combined with
moon crater-like endothelial changes.

o Nystagmus may be associated.

Female patients are asymptomatic having only moon

crater-like endothelial changes.

[l ECTATIC CONDITIONS OF CORNEA

I KERATOCONUS

Keratoconus (conical cornea) (Fig. 6.29A to C) is a
non-inflammatory 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 progressive
thinning and ectasia which occur as aresult 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.
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Fig. 6.29 Keratoconus showing: A, Diagrammatic depiction
of configuration of cone-shaped cornea; B, Irregular circles

on Placido disc examination; C, Clinical photograph (note
Munson’s sign)

Signs. Following signs may be elicited:

1. Window reflex is distorted.

2. Placido disc examination shows irregularity of the
circles (Fig. 6.29B).

3. Slit-lamp examination 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.

4. On retinoscopy a yawning reflex (scissor reflex)
and high oblique or irregular astigmatism is
obtained.

5. Ondistant 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).

6. Munson’s sign, i.e., localised bulging of lower lid
when patientlooks down is positive in late stages
(Fig. 6.29C).

7. Keratometry. Normal average keratometric values
are 45 D. In keratoconus keratometric values
are increased and based on it the severity of
keratoconus is graded as: mild (< 48 D), moderate
(48-54 D), and severe (>54 D).

8. Cornealtopography, i.e., study of shape of corneal
surface, is the most sensitive method for detecting
early keratoconus, Forme fruste refers to the
earliest subclinical form of keratoconus detected
on topography.

Morphological classification. Depending upon the

size and shape of the cone, the keratoconus is of

three types:

¢ Nipple cone has a small size (<5 mm) and steep
curvature.

¢ Oval coneislarger (5-6 mm) and ellipsoid in shape.
e Globus cone is very large (>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
characterized by sudden development of corneal
oedema associated with marked defective vision,
pain, photophobia and lacrimation.

Associations. Keratoconus may be associated with:

e Ocular conditions e.g., ectopia lentis, congenital
cataract, aniridia, retinitis pigmentosa, and vernal
keratoconjunctivitis (VKC).

o Systemic conditions e.g., Marfan'’s syndrome, atopy,
Down’s syndrome, Ehlers-Danlos syndrome,
osteogenesis imperfecta and mitral valve prolapse.

Treatment modalities include:

1. Spectacle correction may improve vision in early
cases. However, later in the course of disease the
falling vision may not be corrected by glasses due
to irregular astigmatism.

2. Contact lenses (rigid gas permeable) usually
improve the vision in early cases. In early to
moderate cases a specially designed scleral
contact lens (Rose-K) may be useful.

3. Intacs, the intracorneal ring segments, are
reported to be useful in early to moderate
cases.

4. Corneal collagen cross linkingwith riboflavin (CXL
or C3R) and UV-A rays may slow the progression
of disease.

5. Keratoplasty may be required in later stages.
Deep anterior lamellar keratoplasty (DALK) or
penetrating keratoplasty (PK) may be performed.

@ KERATOGLOBUS
It is a familial and hereditary bilateral congenital
disorder characterised by thinning and hemispherical
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Fig. 6.30 Keratoglobus

protrusion of the entire cornea (Fig. 6.30). It is non-
progressive and inherited as an autosomal recessive
trait. It must be differentiated from congenital
buphthalmos, where increased corneal size is
associated with raised intraocular pressure, angle
anomaly and/or cupping of optic disc.

I KERATOCONUS POSTERIOR

In this extremely rare condition there is slight cone-
like bulging of the posterior surface of the cornea. It
is non-progressive.

I ABNORMALITIES OF CORNEAL
TRANSPARENCY

Normal cornea is a transparent structure. Any
condition which upsets its anatomy or physiology
causes loss of its transparency to some degree.

Common causes ofloss of corneal transparency are:

e Corneal oedema

o Drying of cornea

o Depositions on cornea

o Inflammations of cornea

o Corneal degenerations

o Dystrophies of cornea

e Vascularization of cornea

o 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 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%. 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%, central thickness increases and
transparency reduces.

Causes of corneal oedema

1. Raised intraocular pressure

2. Endothelial damage

e Due to injuries, such as birth trauma (forceps
delivery), surgical trauma during intraocular
operation, contusion injuries and penetrating
injuries.

e Endothelial damage associated with corneal
dystrophies such as, Fuchs dystrophy, congenital
hereditary endothelial dystrophy and posterior
polymorphous dystrophy.

o Endothelial damage secondary to inflammations
such as uveitis, endophthalmitis and corneal graft
infection.

3. Epithelial damage due to:

e mechanical injuries,

e chemical burns,

o radiational injuries,

o thermal injuries,

o inflammation and infections.

Clinical features

Initially there occurs stromal haze with reduced vision.
Inlong-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. Treatthe cause wherever possible, e.g., raised IOP

and ocular inflammations.

2. Dehydration of cornea may be tried by use of:

o Hypertonic agents e.g., 5% sodium chloride drops
or ointments or anhydrous glycerine may provide
sufficient dehydrating effect.

o Hot forced air from hair dryer may be useful.

3. Therapeutic soft contact lenses may be used to

getrelief from discomfort of bullous keratopathy.

4. Penetrating keratoplasty is required for long-

standing cases of corneal oedema, non-responsive
to conservative therapy.

B CORNEAL OPACITY
The word ‘corneal opacification’ literally means
loss of normal transparency of cornea, which can
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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

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. 6.31A and 6.32A).
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.

(CC4

Fig. 6.31 Diagrammatic depiction of corneal opacity: A,
Nebular; B, Macular: C, Leucomatous; D, Adherent leucoma

2. Macular corneal opacity. It is a semi-dense opacity
produced when scarring involves about half the
corneal stroma (Figs. 6.31B and 6.32B).

3. Leucomatous corneal opacity (leucoma simplex). Itis
a dense white opacity which results due to scarring of
more than half of the stroma (Figs. 6.31C and 6.32C).
4. Adherent leucoma. It results when healing occurs
after perforation of cornea with incarceration of iris
(Figs. 6.31D and 6.32D).

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.

Kot

Fig. 6.32 Clinical photographs of corneal opacity: A, Nebular; B, Macular; C, Leucomatous; D, Adherent leucoma
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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 pseudocornea
(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. 6.33A
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.

Fig. 6.33 Anterior staphyloma: A, Diagrammatic cross-
section; B, Clinical photograph

2. Phototherapeutic keratectomy (PTK) performed
with excimer laser is useful in superficial (nebular)
corneal opacities.

3. Keratoplasty provides good visual results in
uncomplicated cases with corneal opacities, where
optical iridectomy is not of much use.

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 tattooing
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% or 4% xylocaine). Then a piece of blotting paper
of same size and shape, soaked in 4% gold chloride
(for brown colour) or 2% 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 2% hydrazine hydrate 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.

Il CORNEAL VASCULARIZATION

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.

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,
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present below the epithelial layer and their
continuity can be traced with the conjunctival
vessels (Fig. 6.34A).

=Common causes of superficial corneal vascula-
rization 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 this 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. 6.34B), brush (Fig. 6.34C), parasol,
umbel (Fig. 6.34D), network or interstitial arcade.
=Common causes of deep vascularization are:
interstitial keratitis, disciform keratitis, deep corneal
ulcer, chemical burns, sclerosing keratitis and
corneal grafts.

Treatment

Treatment of corneal vascularization is usually

unsatisfactory. Vascularization may be prevented

by timely and adequate treatment of the causative

conditions.

o Corticosteroids may have vasoconstrictive and
suppressive effect on permeability of capillaries.

vs]

A

Fig. 6.34 Corneal vascularization : A, Superficial;
B, Terminal loop type; C, Brush type; D, Umbel type

e Application of irradiation is more useful in
superficial than the deep vascularization.

o Surgical treatment in the form of peritomy may be
employed for superficial vascularization.

] CORNEAL SURGERY

I KERATOPLASTY

Keratoplasty, also called corneal grafting or corneal
transplantation, is an operation in which the
patient’s diseased cornea is replaced by the healthy
clear cornea.

Types

A. Autokeratoplasty, which can be:

1. Rotational keratoplasty, in which patient’s own
cornea is trephined and rotated to transfer the
pupillary area having a small corneal opacity to
the periphery.

2. Contralateral keratoplasty. 1t is indicated when
cornea of one eye of the patient is opaque and the
other eye is blind due to posterior segment disease
(e.g., optic atrophy and retinal detachment, etc.)
with clear cornea. In contralateral autokeratoplasty
cornea of the two eyes are exchanged with each
other.

B. Allografting or Allo-keratoplasty. In it, patient’s

diseased cornea is replaced by the donor’s healthy

cornea. It can be of following types:

1. Penetrating Keratoplasty (PK) (full-thickness-
grafting)

2. Lamellar Keratoplasty (partial-thickness grafting)
which may be:

e Deep anterior lamellar keratoplasty (DALK). Tt is
performed when endothelium and Descemet’s
membrane are normal e.g. keratoconus.

e Descemet’s stripping endothelial keratoplasty
(DSEK). It is performed when only endothelium
is defective e.g. after the surgical trauma during
phacoemulsification.

3. Small patch graft (for small defects), which may

be full thickness or partial thickness.

Indications

1. Optical, i.e., to improve vision. Important
indications are: corneal opacity, bullous
keratopathy, corneal dystrophies, advanced
keratoconus.

. Therapeutic, i.e., to replace inflamed cornea not
responding to conventional therapy.

. Tectonicgrqft i.e., torestore integrity of eyeball e.g.
after corneal perforation and in marked corneal
thinning.

4. Cosmetic, i.e., to improve the appearance of the

eye.

[\

w
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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 storage, 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 6.1).

Methods of corneal preservation

1. Short-term storage (up to 48 hours). The whole
globe is preserved at 4° C 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 or by cryopreservation at -70°C.

Surgical technique of penetrating keratoplasty

1. Excision of donor corneal button. The donor
corneal button should be cut 0.25 mm larger
than the recipient, taking care not to damage
the endothelium. Donor cornea is placed in a
tephlon block and the button is cut with the
help of a trephine from the endothelial side (Fig.
6.35A).

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. 6.35B). Then, anterior chamber is

entered with the help of a razor blade knife and
excision is completed using corneoscleral scissors
(Fig. 6.35C).

3. Suturing of corneal graft into the host bed (Fig.
6.35D) is done with either continuous (Fig. 6.35E)
or interrupted (Fig. 6.35F) 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.

Graft rejection

It refers to the immunological response of the host

to the donor corneal tissue. It can occur as early as

2 weeks and upto several years after grafting. Graft

rejection is classically believed to be a delayed type

of hypersensitivity response.

Risk factorsinclude younger age of recipient, previous

graft failure, corneal vascularization, larger graft size,

donor epithelium and massive blood transfusion.

Clinical presentations include:

= Epithelial rejection characterized by an elevated

epithelial rejection line which stains with fluorescein.

= Subepithelial infiltrates known as Kayes dots.

= Stromal rejection is characterized by sudden onset of

full thickness stromal haze in a previously clear graft.

= Endothelial rejection may present as:

e Khodadaust line demarcating healthy and
damaged endothelium.

e Diffuse endothelial rejection with lot of Keratic

precipitates.

Table 6.1 Grading of donor cornea on slit-lamp biomicroscopic examination

Grade of donor corneal tissue

Parameter Grade | Grade ll
(Excellent) (Very good)

Epithelial None Slight epithelial

defects and haze or defects

haze

Corneal stromal  Crystal clear Clear

clarity

Arcus senilis None Slight

Descemet’s No folds Few shallow folds

membrane

Endothelium No defect No defect

Grade lll Grade IV Grade V

(Good) (Fair) (Poor)

Obvious

moderate

epithelial defects

Slight cloudiness  Moderate Marked
cloudiness cloudiness

Moderate Heavy Very heavy

(<2.5 mm) (>2.5mm-4mm) (>4 mm)

Numerous Numerous deep Marked deep

shallow folds folds folds

Few vacuolated
cells

Moderate guttate

Marked guttate
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Fig. 6.35 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

I REFRACTIVE CORNEAL SURGERY

Refractive corneal surgery includes:

 Radial Keratotomy (RK),

o Astigmatic Keratotomy (AK),

« Photorefractive Keratotomy (PRK),

o Laser assisted in situ Keratomileusis (LASIK) and
its varieties,

o Thermal Laser Keratoplasty (TLK),

 Conductive Keratoplasty (CK),

e Orthokeratoplasty, and

o Intracorneal Ring (ICR) implants

(For details see page 52 to 55).

@ PHOTOTHERAPEUTIC KERATECTOMY

Phototherapeutic Keratectomy (PTK) refers to the

ablation of superficial corneal lesion with the help

of excimer laser (198 nm).

Indications include:

« Superficial corneal scars,

e Corneal degenerations, e.g. band-shaped
Keratopathy, Salzman nodular degeneration and
oil droplet keratopathy,

e Epithelial dystrophies (e.g. Reis-Buckler
dystrophy), and

« Recurrent corneal erosions.

Procedure. The modern excimer laser machines have

two modes for PTK:

o Spot mode, where a small spot (<1 mm) can be
ablated, and

o Shapping mode, which allows uniform removal of
corneal tissue from a large zone.

Contraindications include:

« Excessive thin corneas,

e Moderate to severe dry eye, and

e Deep corneal lesions.

Complications. Faint corneal haze is a usual end result

of the PTK. Other complications include:

 Secondary infections,

o Induced hypermetropia, and

o Secondary keractesia.

I KERATOPROSTHESIS
Keratoprosthesis refers to an artificial corneal device
used in patients unsuitable for keratoplasty.
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Types. Keratoprosthesis basically consists of a
central optical cylindrical part made of poly-
methylmethaacrylate (PMMA). Based on the
surrounding fixation device, the commonly used
keratoprosthesis of various designs are as below:

e Boston keratoprosthesis (6.36A) consists two
plates and one cylinder. It is fixed using the donor
cornea.

o Alfa cor keratoprosthesis (6.36B) consists of an
outer porous skirt made up of high water content
PHEMA and a transparent central optic made from
low water content PHEMA. An interpenetrating
polymer network (IPN), which is a junction zone
between the skirt and central optic and serve as a
permanent bond. It has a refractive power close to
that of human cornea.

o Osteo-odonto-keratoprosthesis (Fig. 6.36C) is
fixed with the help of patients own tooth root and
alveolar bone.

o Chondro-keratoprosthesis is fixed with patients
own cartilage.

o Onycho-keratoprosthesis is fixed with patient’s
nails.

o Stanford keratoprosthesis is a recently introduced
device which incorporates the grafting of bio-
active factors with a change in the bulk material
design.

o Singh and Worst collar-stud keratoprosthesis is
fixed with stainless steel sutures.

Indications. Prerequisites for keratoprosthesis

include bilateral blindness due to corneal diseases

(not suitable for keratoplasty) with accurate

perception oflight, normal electrophysiological tests

and absence of gross posterior segment disorders on

ultrasonography, e.g:

o Stevens-Johnson syndrome,

¢ Chemical burns,

e Ocular cicatricial pemphigoid,

 Severe trachoma

o Multiple previous failed corneal grafts.

Complications include:

o Extrusion of prosthesis,

Fig. 6.36 Keratoprosthesis: A, Boston; B, Alfa cor;
C, Osteo-odonto

Intractable glaucoma,

Retroprosthetic membrane formation,
Uveitis, and

Retinal detachment.



Diseases of Sclera

I CHAPTER OUTLINE I

APPLIED ANATOMY
¢ Thickness

* Apertures

* Microscopic structure
INFLAMMATIONS

* Episcleritis

* Scleritis

l 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 partitis 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

(1 mm) and gradually becomes thin when traced

anteriorly. Itis 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. 7.1).

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 and
branches from long ciliary nerves pass through
these apertures.

BLUE SCLERA
STAPHYLOMAS

* Anterior staphyloma

* Intercalary staphyloma
* Ciliary staphyloma

* Equatorial staphyloma
* Posterior staphyloma

Microscopic structure. Histologically, sclera consists
of following three layers:

1. Episcleral tissue. Itis 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.
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Fig. 7.1 Apertures in the sclera. (posterior view): 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.

I INFLAMMATIONS OF SCLERA

Il 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.

Etiology

1. Idiopathic. Exact etiology is not known in many
cases.

2. Systemic diseases associated with episcleritis,
include gout, rosacea, psoriasis and connective
tissue diseases.

3. Hypersensitivity reaction to endogenous
tubercular or streptococcal toxins is also reported.

4. Infectious episcleritis may be caused by herpes
zoster virus, syphillis, Lyme disease and
tuberculosis.

Pathology

Histologically, there occurs localised lymphocytic
infiltration of episcleral tissue associated with
oedema and congestion of overlying Tenon'’s capsule
and conjunctiva.

Clinical features

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, simple and nodular may be recognised.

Episclera is seen acutely inflamed in the involved

area.

o Simple episcleritis is characterised by sectorial
(occasionally diffuse) inflammation of episclera.
The engorged episcleral vessels are large and run
in radial direction beneath the conjunctiva (Fig.
7.2A).

e Nodular episcleritis is characterised by a pink
or purple flat nodule surrounded by injection,
usually situated 2-3 mm away from the limbus
(Fig. 7.2B). The nodule is firm, tender, can be

Fig. 7.2 Episcleritis: A, Diffuse; B, Nodular

moved separately from the sclera and the overlying
conjunctiva also 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

o Simple episcleritis may be confused rarely with
conjunctivitis.

o Nodular episcleritis may be confused with inflamed
pinguecula, swelling and congestion due to foreign
bodylodged in bulbar conjunctiva and, veryrarely
with scleritis.

Treatment

1. Topical NSAIDs, e.g., ketorolac 0.3% may be useful.

2. Topical mild corticosteroid eyedrops e.g.,
fluorometholone or loteprednol instilled 2-3
hourly, render the eye more comfortable and
resolve the episcleritis within a few days.

3. Topical artificial tears e.g., 0.5% carboxy methyl
cellulose have soothing effect.
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4. Cold compresses applied to the closed lids may
offer symptomatic relief from ocular discomfort.

5. Systemic nonsteroidal 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.

B SCLERITIS

Scleritis refers to a inflammation of the sclera proper.
Itis 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

Overall about 50% cases of scleritis are associated
with some systemic diseases, most common being
connective tissue diseases.

Common conditions are as follows:

1. Autoimmune collagen disorders, especially
rheumatoid arthritis, is the most common
association. About 0.5% 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 infectious scleritis.

4. Granulomatous diseases like tuberculosis, syphilis,
sarcoidosis, leprosy can also cause scleritis.

5. Miscellaneous conditionslike irradiation, chemical
burns, Vogt-Koyanagi-Harada syndrome, Behcet’s
disease and rosacea are also implicated in the
etiology.

6. Surgically induced scleritis (SIS) is arare complication
of ocular surgery. It occurs within 6 months
postoperatively. Exact mechanism not known, may
be precipitation of underlying systemic cause.

7. Idiopathic. In many cases of scleritis, cause 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 epithelioid giant cells
and old and new vessels, some of which may show
evidence of vasculitis.

Classification
Scleritis can be classified as follows:
A. Non-infectious scleritis
L. Anterior scleritis (98%)
a. Non-necrotizing scleritis (85%)
1. Diffuse
2. Nodular
b. Necrotizing scleritis (13%)
1. with inflammation
2. withoutinflammation (scleromalacia perforans)
I1. Posterior scleritis (2%)
B. Infectious scleritis
Clinical features
Symptoms
= Pain: 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.
= Redness may be localized or diffuse.
= Photophobia and lacrimation may be mild to
moderate.
= Diminution of vision may occur occasionally.

Signs

A. Non-infectious scleritis

Salient features of different clinical types of non-
infectious scleritis are as below:

I. Anterior scleritis

a. Non-necrotizing anterior scleritis

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. 7.3).

Fig. 7.3 Non-necrotizing anterior diffuse scleritis
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2. Non-necrotizing anterior nodular scleritis. It is
characterised by one or two hard, purplish elevated
immovable scleral nodules, usually situated near
the limbus (Fig. 7.4). Sometimes, the nodules are
arranged in a ring around the limbus (annular
scleritis).

b. Necrotizing anterior scleritis

1. 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. 7.5). The affected
necrosed area is thinned out and sclera becomes
transparent and ectatic with uveal tissue shining
through it. Itis usually associated with anterior uveitis.
2. 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
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Fig. 7.5 Anterior necrotizing scleritis with inflammation

in colour, which eventually absorbs leaving behind
it a large punched out area of thin sclera through
which the uveal tissue shines (Fig. 7.6). Spontaneous
perforation is extremely rare.

I1. Posterior scleritis.

Itis 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.

B. Infectious scleritis

o Infectious scleritis accounts for 5-10% of all cases.

o In the early stage diagnosis becomes difficult as
presentation is similar to as non-infectious scleritis.

e Scleritis with purulent exudates (Fig. 7.7) or
infiltrates should raise the suspicion of an
infectious etiology.

o Formation of fistulae, painful nodules, conjunctival
and scleral ulcers are usually the signs of
infectious scleritis.

Fig. 7.6 Anterior necrotizing scleritis without inflammation
(Scleromalacia perforans)

Fig. 7.7 Infectious scleritis
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Complications

These are quite common with necrotizing scleritis
and include sclerosing keratitis, keratolysis,
complicated cataract and secondary glaucoma.

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.

. FTA-ABS, VDRL for syphilis.

. Serum uric acid for gout.

. Urine analysis.

. Mantoux test.

. X-rays of chest, paranasal sinuses, sacroiliac joint
and orbit (to rule out foreign body especially in
patients with nodular scleritis).

N OOk Ww

Treatment

A. Non-infectious scleritis

1. Non-necrotizing scleritis. It is treated by:

o Topical steroid eyedrops

o Systemic indomethacin 75 mg twice a day until
inflammation resolves.

IL. Necrotizing scleritis. It is treated by:

o Topical steroids

o Oral steroids on heavy doses, tapered slowly.

o Immunosuppressive agents like methotrexate
or cyclophosphamide may be required in non-
responsive cases.

o Subconjunctival steroids are contraindicated
because they may lead to scleral thinning and
perforation.

o Surgical treatment, in the form of scleral patch graft
may be required to preserve integrity of the globe
in extensive scleral melt and thinning.

B. Infectious scleritis

o Most of the time diagnosis is delayed and patients
are put on topical and oral steroids which worsen
the infective scleritis.

o Antimicrobial therapy, both with topical and oral
agents is required in an aggressive manner.

o Surgical debridementis found useful by debulking
the infected scleral tissue and also facilitating the
effect of antibiotics.

M BLUE SCLERA

It is an asymptomatic condition characterised by
marked, generalised blue discoloration of sclera
due to thinning (Fig. 7.8). It is typically associated

Fig. 7.8 Blue sclera

with 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. 7.9).

1. Anterior staphyloma (see page 135).

2. Intercalary staphyloma. It is the name given to the

localised bulge in limbal area lined by root of iris

(Figs. 7.9A and 7.10).

o Itresults due to ectasia of weak scar tissue formed
at the limbus, following healing of a perforating
injury or a peripheral corneal ulcer.

o Secondary angle closure glaucoma, may cause
progression of bulge if not treated.

e Defective vision occurs due to marked corneal
astigmatism.

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. 7.9B
and 7.11). 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. 7.9C). Its causes are scleritis and degeneration
of sclera in pathological myopia. It occurs more
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Fig. 7.9 Staphylomas (diagrammatic depiction) A,
Intercalary; B, Ciliary; C, Equatorial; D, Posterior

Fig. 7.12 Fundus photograph (A) and diagrammatic
depiction (B) of excavation of retinal tissue and blood
vessels in posterior staphyloma

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. 7.9D). 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. 7.12). Its floor is
focussed with minus lenses in ophthalmoscope as
compared to its margins.

Fig. 7.11 Ciliary staphyloma
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* Heterochromia of iris
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¢ Definition
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| 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.

B THEIRIS

Iris is the anterior most part of the uveal tract. Itis 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 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. 8.1).
1. Ciliary zone. It presents series of radial streaks
due to underlying radial blood vessels and crypts

* Pathology

Non-suppurative uveitis

* Anterior uveitis (Iridocyclitis)

* Intermediate uveitis

* Posterior uveitis

* Specific clinico-etiological types of non-suppurative uveitis
Purulent uveitis

* Endophthalmitis

* Panophthalmitis

DEGENERATIVE CONDITIONS

* Degenerations of the Iris

* Degenerations and dystrophies of the choroid
TUMOURS

* Of choroid

¢ Of ciliary body

e Ofiris

which are depressions where superficial layer of 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.

Peripheral
- crypt

Contraction

Ciliary zone
furrow

Central crypt

Collarette

Pupillary zone
Pigment frill

Fig. 8.1 Macroscopic appearance of anterior
surface of iris
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Cornea

Sclera

Ciliary muscle/

Dilator pupillae
Sphincter pupillae
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Anterior epithelial layer

Posterior epithelial layer
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Lens

Internal limiting membrane
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Supraciliary lamina

Ciliary body

Fig. 8.2 Microscopic structure of iris and ciliary body

Microscopic structure
The iris consists of four layers which from anterior
to posterior are (Fig. 8.2):
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.

o 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 (see page 6). It constricts the
pupil.

e Dilator pupillae musclelies 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 (see page 6) 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. Posterior pigmented epithelial layer. It is anterior

continuation of the nonpigmented 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. 8.2).

Microscopic structure

From without inwards ciliary body consists of

following five layers (Fig. 8.2):

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.

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 nonstriated muscle having three parts:

o Longitudinal or meridional fibres which help in
aqueous outflow;

e Circular fibres which help in accommodation; and

e Radial or oblique fibres act in the same way as the
longitudinal fibres.
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o Nerve supply. Ciliary muscle is supplied by
parasympathetic fibres through the short ciliary
nerves.

3. Layer of pigmented epithelium. 1t is forward

continuation of the retinal pigment epithelium.

Anteriorly, it is continuous with the anterior

pigmented epithelium of the iris.

4. Layer of nonpigmented epithelium. It consists mainly

oflow 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

theretina. Itlines the nonpigmented epithelial layer.

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
o Formation of aqueous humour.
o Ciliary muscles help in accommodation.

B CHOROID

Choroid is posterior most part of the vascular coat of
the eyeball. It extends from optic disc to the 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

From without inwards choroid consists of following
three layers (Fig. 8.3):

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
the membrane and sclera is called suprachoroidal
space which contains long and short posterior ciliary
arteries and nerves.

2. Stroma of the choroid. Tt 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 (Hailer’s layer), (ii) layer of medium vessels
(Sattler’s layer) and (iii) layer of choriocapillaris which
nourishes the outer layers of the retina.

Pigment epithelium
w Bruch’s membrane
e = 1 &% » * g @' Choriocapillaris

& ' o - % Medium vessels

’l c & Large vessels
Ty \ =
- 2 . = Suprachoroidal
lamina
. - - y

- - - -
Sclera

Fig. 8.3 Microscopic structure of the choroid

3. Basal lamina. 1t 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 UVEAL TRACT

Arterial supply

The uveal tract is supplied by three sets of arteries
(Fig. 8.4):

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

Iris vessels

Branch of anterior
ciliary vein from
ciliary muscle
Major arterial
circle of iris

Anterior ciliary
vessels

Rectus

Vein from ciliary
muscle to
vortex vein

Vortex vein
Episcleral vessels
Long posterior
ciliary artery

Short posterior
ciliary arteries

Dural vessels

Pial vessels

Central retinal artery
Central retinal vein

Fig. 8.4 Blood supply of uveal tract
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branch. At the anterior end of ciliary muscle these
anastomose with each other and with the anterior
ciliary arteries and give rise to branches which supply
the ciliary body.

3. Anterior ciliary arteries. These are derived from
the muscular branches of ophthalmic artery.
These are 7 in number, i.e., 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 interior
ophthalmic veins, which in turn, drain into the
cavernous sinus (see Fig. 1.7, page 6).

CONGENITAL ANOMALIES OF UVEAL
TRACT

I HETEROCHROMIA OF IRIS

It refers to variations in the iris colour and is a

common congenital anomaly.

e Heterochromia iridium, colour of one iris differs
from the other.

o Heterochromia iridis, one sector of the iris differs
from the remainder of iris.

Congenital heterochromia must be differentiated

from the acquired heterochromia as seen in

heterochromic cyclitis, siderosis, Horner’s syndrome

and malignant melanoma of iris.

I 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.

Il 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.

I 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. 8.5). These float freely in the anterior chamber
or may be attached to the anterior surface of the
lens.

I CONGENITAL COLOBOMA OF UVEAL TRACT
Congenital coloboma (absence of tissue) of iris (Fig.
8.6), ciliary body and choroid (Fig. 8.7) may be seen
in association or independently. Coloboma may be
typical or atypical.

Typical coloboma is seen in the inferonasal quadrant
and occurs due to defective closure of the embryonic
fissure. Typical coloboma may be complete or
incomplete.

=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 causes a corresponding
indentation of the lens where the zonular fibres are
missing.

= [ncomplete coloboma may involve the iris alone, or iris
and ciliary body (more common), or iris, ciliary body
and part of choroid (i.e. stops short of optic nerve).
Atypical coloboma is occasionally found in other
positions. It is usually incomplete.

Fig. 8.5 Persistent pupillary membrane
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Fig. 8.6 Typical coloboma of the iris

Fig. 8.7 Coloboma of the choroid

B uvETis

GENERAL CONSIDERATIONS

@ DEFINITION

The term uveitis strictly means inflammation of the
uveal tissue only. However, clinically 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.

I 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:
e Iritis, in which inflammation predominantly
affects the iris.
o Iridocyclitis in which iris and pars plicata part of
ciliary body are equally involved, and
o Anterior 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). Almost always there is
associated inflammation of retina and hence the
term ‘chorioretinitis’ is used.

4. Panuveitis. It is inflammation of the whole uvea.

Il. Clinical classification

1. Acute uveitis. It has got a sudden symptomatic
onset and the disease lasts for 3 months or less.

2. Chronic uveitis. It frequently has an insidious
and asymptomatic onset. It persists longer than 3
months and is usually diagnosed when it causes
defective vision.

3. Recurrent uveitis. This is characterised by repeated
episodes separated by inactive periods of >3
months without treatment.

lll. Pathological classification

1. Suppurative or purulent uveitis.

2. Nonsuppurative uveitis. It has been further
subdivided into two groups (Wood’s classification).

i. Nongranulomatous uveitis, and

ii. Granulomatous uveitis.

IV. Etiological (Duke Elder’s) classification

. Infective uveitis

. Immune-related uveitis

. Toxic uveitis

. Traumatic uveitis

. Uveitis associated with noninfective systemic
diseases

6. Idiopathic uveitis.

B ETIOLOGY

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.

QL = W N =

1. Infective uveitis

In this, inflammation of the uveal 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,
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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 (pneumococcal and
gonococcal), keratitis, scleritis, retinitis, orbital
cellulitis and orbital thrombophlebitis.

iii. Endogenous infections are caused by the entrance
of organisms from some source of infection situated
elsewhere in the body, by way of the bloodstream.
Endogenous infections play important role in the
inflammations of uvea.

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, brucellosis
or pyogenic such as streptococci,staphylococci,
pneumococci and gonococcus.

ii. Viral infections associated with uveitis are herpes
simplex, herpes zoster and cytomegalo 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. Immune related uveitis
Immune related uveitis is one of the commonest
occurrence in clinical practice. The complex subject
of immune 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 the
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 wveitis. 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 HLA phenotype. A few examples of HLA-
associated diseases with uveitis are as follows:

e HLA-B27: Acute anterior uveitis associated
with ankylosing spondylitis and also in Reiter’s
syndrome.

o HLA-B5: Uveitis in Behcet’s disease.

o HLA-D R4 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
haemorrhage 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
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vegetative origin. Certain drug causing 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:

¢ Direct mechanical effects of trauma,

o Irritative effects of blood products after intraocular
haemorrhage (haemophthalmitis),

¢ Microbial invasion,

e Chemical effects of retained intraocular foreign
bodies, and

o Sympathetic ophthalmia in the other eye.

5. Uveitis associated with non-infective systemic

diseases

Certain systemic diseases frequently complicated by

uveitis include:

¢ Sarocoidosis,

o Collagen related diseases (polyarteritis nodosa
(PAN), disseminated lupus erythematosus (DLE),
rheumatic and rheumatoid arthritis),

o Metabolic diseases (diabetes mellitus and gout),

o Disease of the central nervous system (e.g.,
disseminated sclerosis), and

o Diseases of skin (psoriasis, lichen planus, erythema
nodosum, pemphigus and so on).

6. Idiopathic uveitis

It may be specific or nonspecific.

i. Idiopathic specific uveitis entities include the
conditions which have certain special characteristics of
their own, e.g., pars planitis, sympathetic ophthalmitis
and Fuchs’ heterochromic iridocyclitis.

ii. Nonspecific idiopathic uveitis entities include the
condition which do not belong to any of the known
etiological groups. About more than 25% cases of
uveitis fall in this group.

B PATHOLOGY OF UVEITIS

Inflammation of the uvea fundamentally has the
same characteristics as any other tissue of the body,
i.e., avascular and a cellular response. However, due
to extreme vascularity and looseness of the uveal
tissue, the inflammatory responses are exaggerated
and thus produces special results.

Pathologically, inflammations of the uveal tract
may be divided into suppurative (purulent) and
non-suppurative (non-purulent) varieties. Wood
has further classified non-suppurative uveitis into
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 with manifestation
of nongranulomatous 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,
Pseudomonas, 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 nongranulomatous uveitis
Nongranulomatous uveitis may be an acute or
chronic exudative inflammation of uveal tissue
(predominantly iris and ciliary body), usually
occurring either due to a physical and toxic insult to
the tissue, or as a result of different hypersensitivity
reactions.

The pathological alterations of the nongran-
ulomatous 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,
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the posterior surface of iris adheres to the anterior
capsule of lens 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 non-virulent 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 and 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)
and some times near collarette (Busacca 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
reparative process resulting in fibrosis and gliosis
of the involved area.

NON-SUPPURATIVE UVEITIS

ANTERIOR UVEITIS (IRIDOCYCLITIS)

Definition
See page 150.

Etiology
See page 150.

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).

Symptoms

Clinically, it may present as acute or chronic anterior

uveitis.

e Main symptoms of acute anterior uveitis are pain,
photophobia, redness, lacrimation and decreased
vision.

e In chronic uveitis , however the eye may be white
with minimal symptoms even in the presence of
signs of severe inflammation.

1. Pain. It is dominant 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 a feature of acute anterior uveitis and
occurs due to circumcorneal congestion, which is
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 is 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 aresult 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
Slit-lamp biomicroscopic examination is essential to
elicit most of the signs of uveitis (Fig. 8.8).

A.Lid oedema

Lid oedema usually mild, may accompany a severe
attack of acute anterior uveitis.
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B. Circumcorneal congestion

Circumcorneal congestion is marked in acute
iridocyclitis and minimal in chronic iridocyclitis. It
must be differentiated from superficial congestion
occurring in acute conjunctivitis (see page 158, Table
8.1).

C. Corneal signs
Corneal signs include corneal oedema, KPs and
posterior corneal opacities.

Circumcorneal
congestion
Segmental
posterior synechia

Festooned pupil
Keratic precipitates

Fig. 8.8 Signs of anterior uveitis: A, diagrammatic depiction;
B, clinical photograph of a patient with acute anterior uveitis

1. Corneal oedema is due to toxic endothelitis and

raised intraocular pressure when present.

2. Keratic precipitates (KPs) are proteinaceous-

cellular 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. 8.9). 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. 8.9B).

ii. Small and medium KPs (granular KPs). These are
pathognomic of nongranulomatous uveitis and are
composed of lymphocytes. These small, discrete,
dirty white KPs are arranged irregularly at the back
of cornea. Small KPs may be numerous.

.Fine KPs, also called as ‘stellate’ KPs, typically
cover entire corneal endothelium and form the
so called endothelial dusting. These are seen in
Fuch’s heterochromic iridocyclitis, herpetic iritis
and CMV retinitis.

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 long-

standing cases of iridocyclitis.

=4

ii

D. Anterior chamber signs
1. Aqueous cells. 1t is an early feature of iridocyclitis.
The cells should be counted in an oblique slit-lamp

Fig. 8.9 Keratic precipitates (KPs); A, diagrammatic depiction; B, clinical photograph of a patient with granulomatous
anterior uveitis showing mutton fat KPs and broad segmental synechiae
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beam, 1 mm long and 1 mm wide, with maximal
light intensity and magnification, and graded as per
‘Standardization of Uveitis Nomenclature (SUN)’
working group as below:

o —=<1cells,

o +=1-5cells,

e +1=6-15cells,

e +2=16-25cells,

e +3=26-50 cells, and

e +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. 8.10). In the beam
of light, protein particles are seen as suspended and
moving dust particles. This is based on the ‘Brownian
movements’ or ‘Tyndall phenomenon’ Aqueous flare
isusually marked in nongranulomatous and minimal

A A

Fig. 8.10 Aqueous flare: A, diagrammatic depiction;
B, clinical photograph of the patient

in granulomatous uveitis. The flare is graded from

0 to +4. Grade as per SUN working group grading

scheme:

e 0=no aqueous flare.

+ 1 =faint, i.e., just detectable.

o +2=moderate flare with cleariris and lens details.

o +3 = marked flare (iris and lens details hazy).

 +4 = intense flare (Fibrin or plastic aqueous).

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. 8.11).

e Dense immobile hypopyon, slow to absorb due
to high fibrin content, is seen in HLA-B27 acute
anterior uveitis.

e Hypopyon in Behcet’s syndrome has minimal
fibrin and, therefore, shifts with the head position
and is quick to absorb.

e Haemorrhagic hypopyon is a feature of uveitis
associated with herpetic infection, trauma and
rubeosis iridis.

4. Changes in depth and shape of anterior chamber

may occur due to synechiae formation as below:

e Deep and irregular in posterior synechiae.

o Funnel-shaped in annular synechiae with iris
bombe.

5. 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.

E. 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.

Fig. 8.11 Hypopyon in acute anterior uveitis
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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. 8.12). These occur typically in
granulomatous uveitis.
e Koeppe’s nodules are situated at the pupillary
border and may initiate posterior synechia.
o 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 adhesion
of iris to the lens at some points (Fig. 8.8).

Busacca nodule

B -

Fig. 8.12 Iris nodules: A, diagrammatic depiction; B, clinical

photograph showing Koeppe’s nodules at the pupillary
margins in a patient with sarcoidosis

ii. Annular posterior synechiae (ring synechiae) are
360° 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, aqueous
collects behind the iris and pushes it anteriorly
(leading to ‘iris-bombe’ formation) (Fig. 8.13). This
is usually followed by arise in intraocular pressure.

. 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. This results in deepening of anterior
chamber (Fig. 8.14).

5. Neovascularisation of iris (rubeosis iridis) develops

in some eyes with chronic iridocyclitis and in Fuch'’s

heterochromic iridocyclitis.

—

ii

F. Pupillary signs

1. Narrow pupil. It occurs in acute attack of iridocyclitis
(Fig. 8.8B) 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 mydriatics (e.g., atropine) at this stage results
in festooned pupil (Figs 8.8A and 8.15).

3. Ectropion pupillae (evertion of pupillary margin). It
may develop due to contraction of fibrinous exudate
on the anterior surface of the iris.

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.

A

Fig. 8.13 Annular posterior synechiae
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Fig. 8.14 Total posterior synechiae causing
deep anterior chamber

G. Changes in the lens

1. Pigment dispersal on the anterior capsule of lens
is almost of universal occurrence in 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. 8.15).

H. Changes in the vitreous and retina

1. Exudates and inflammatory cellsmay be seen in the
anterior vitreous after an attack of acute iridocyclitis.
2. Cystoid macular oedema (CME) may occur, specially
in chronic iridocyclitis.

I. Changes in the intraocular pressure

IOP may be:

¢ Normal, or

« Increased (secondary glaucoma) or,

« Decreased (in acute iridocyclitis due to acute ciliary
shock and in chronic, longstanding iridocyclitis
due to atrophy of ciliary process ultimately leading
to phthisis bulbi).

Complications and Sequelae

1. Complicated cataract. It isa common complication
of iridocyclitis as described above (Fig. 8.15).
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 glaucomainiridocyclitis (post-inflammatory
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 organisation

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.

5. Retinal complications. These include cystoid

macular oedema, macular scar, macular hole,

epiretinal membrane, exudative retinal detachment,
secondary periphlebitis retinae, retinal scars and
sub-retinal fibrosis.

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 (see

Fig. 6.19), especially in children having Still's disease.

8. Phthisis bulbi. It is the final stage end result of any

form of chronic uveitis in which the eye becomes

soft, shrink and atrophic. Development of phthisis
bulbi can be divided into three overlapping stages:
=Stage of atrophic bulbi without shrinkage is the
initial stage ofloss of function of ocular tissues which
occurs due to continued inflammation and loss of
nutritional support. In this stage:

Fig. 8.15 Iridocyclitis with posterior synechiae, festooned
pupil and complicated cataract
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« Shape of globe is maintained,

e Vision is completely lost,

o Lens becomes cataractous,

« Retina develops serous detachment and atrophic
changes, and

o IOP is raised in early stages due to inflammatory
glaucoma.

= Stage of atrophic bulbi with shrinkage occurs due

to continued ciliary body dysfunction. In this stage:

o I0P is lowered,

¢ Cornea becomes edematous and vascularised,

¢ Anterior chamber is collapsed, and

e Eyeball becomes smaller and square shaped
(maintained by four recti).

= Atrophic bulbi with disorganization is the final

stage known as phthisis bulbi. In this stage due to

continued disorganization of ciliary body:

o IOP is markedly lowered,

« Size of eyeball is markedly decreased, and

o Cornea becomes sclera like.

Histopathological examination at this stages reveals:

 Disorganization of all the intraocular tissues,

« Calcification may occur in Bowman'’s layer of
cornea, lens and retina,

e Intraocular ossification (bone formation) may
occur due to metaplasia in the retinal pigment
epithelium, in the end stage of phthisis bulbi, and

e Sclera become markedly thickened.

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 8.1.

2. Granulomatous versus nongranulomatous uveitis.
Once diagnosis of iridocyclitis is established, an
attempt should be made to know whether the
condition is of granulomatous or nongranulomatous
type. The main clinical differences between the two
are summarised in Table 8.2.

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 pages
163-170).

Investigations

Before ordering investigations, a thorough ocular
systemic examination is required, which may provide
clues to the underline disease.

Investigations 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

Table 8.1 Distinguishing features between, acute conjunctivitis,
acute iridocyclitis and acute congestive glaucoma

- Acute conjunctivitis Acute iridocyclitis Acute congestive glaucoma

Sudden

Severe in eye and the entire
trigeminal area

Usually gradual

Moderate in eye and
along the first division
of trigeminal nerve

1. Onset Gradual
2. Pain Mild discomfort
3. Discharge Mucopurulent
4. Coloured halos May be present
5. Vision Good
6. Congestion Superficial conjunctival
7. Tenderness Absent
8. Pupil Normal
9. Media Clear

10. Anterior chamber Normal

11. lris Normal

12. Intraocular pressure Normal

13. Constitutional symptoms Absent

Watery Watery

Absent Present

Slightly impaired Markedly impaired
Deep ciliary Deep ciliary
Marked Marked

Small and irregular

Hazy due to KPs,
aqueous flare and
pupillary exudates

May be deep
Muddy
Usually normal
Little

Large and vertically oval

Hazy due to oedematous
cornea

Very shallow
Oedematous
Raised

Prostration and vomiting
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Table 8.2 Differences between granulomatous and nongranulomatous uveitis

- Feature Granulomatous Nongranulomatous

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

e TLC and DLCto have a general information about
inflammatory response of body.

o ESR to ascertain existence of any chronic
inflammatory condition in the body.

e Blood sugar levels to rule out diabetes mellitus.

e Blood uric acid in patients suspected of having
gout.

o Serological tests for syphilis, toxoplasmosis and
histoplasmosis.

o Testsfor antinuclear antibodies, Rh factor, LE cells,
C-reactive proteins antistreptolysin-0, ACE (for
sarcoidosis).

2. Urine examination for WBCs, pus cells, RBCs and

culture to rule out urinary tract infections.

3. Stool examination for cyst and ova to rule out

parasitic infestations.

4. Radiological investigations include:

o X-rays of chest, paranasal sinuses, sacroiliac joints
and lumbar spine.

o CT scan high resolution. CT scan of thorax should
be considered for suspected sarcoidosis cases.

e MRI scan of head for suspected sarcoidosis,
demyelination and lymphomas.

5. Skin tests. These include tuberculin test, Kveim'’s

test for sarcoidosis, toxoplasmin test, lepromin test

and pathergy test for Behcet’s disease.

Treatment of Iridocyclitis

I. Nonspecific treatment

a. Local therapy

1. Cycloplegic drugs. These are very useful and most
effective during acute phase ofiridocyclitis. Commonly
used drug is 1% atropine sulfate eye ointment or

1. Onset Insidious

2. Pain Minimal

3. Photophobia Slight

4. Ciliary congestion Minimal

5. Keratic precipitates (KPs) Mutton fat

6. Aqueous flare Mild

7. lIris nodules Usually present

8. Posterior synechiae Thick and broad based
9. Fundus Nodular lesions

Acute

Marked

Marked

Marked

Small

Marked

Absent

Thin and tenuous

Diffuse involvement

drops instilled 2-3 times a day. In case of atropine
allergy, other cycloplegics like 2% homatropine or 1%
cyclopentolate eyedrops may be instilled 3-4 times a
day. Alternatively for more powerful cycloplegic effect,
asubconjunctival injection of 0.25 ml in 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 aresult, more antibodies reach the target tissues
and more toxins are absorbed.

2. Corticosteroids, administered locally, are very
effective in cases of iridocyclitis.

= Mode of action: They reduce inflammation by their
anti-inflammatory effect; being 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 453).

= 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.
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b. Systemic therapy

1. Corticosteroids. When administered systemically
they have a definite role in nongranulomatous
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 nonspecific 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 of other steroids (dexamethasone or

betamethasone).

e Daily therapy regime is preferred for marked
inflammatory activity for at least 2 weeks.

o In the absence of acute disease, alternate day
therapy regime should be chosen.

« 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. Naproxen is useful in patients
with ankylosing spondylitis.

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
itis a highly renal toxic drug.

4. Azithromycin or tetracycline or erythromycin
should be considered to treat chlamydial infection
in patients and their sexual partners with Reiter’s
syndrome having urethritis and iritis.

. 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.

Il. Specific treatment of the cause

Nonspecific treatment described above is very
effective and usually controls the uveal inflam-
mation, 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 nongranulomatous
uveitis.

lll. Treatment of complications

1. Inflammatory glaucoma (hypertensive uveitis).
In such cases, drugs to lower intraocular pressure
such as 0.5% 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. Postinflammatory 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.
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.
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INTERMEDIATE UVEITIS

Intermediate uveitis refers to inflammation involving
pars plana ciliaris, peripheral retina, choroid and
vitreous base.

Epidemiology

e Accounts for 10% of all cases of uveitis and 20% of
cases of uveitis in children,

« Bilateral in 80% of cases,

e Males and females are equally affected,

 Age: onsettypicallyin 2nd and 4th decade (bimodal).

Etiology

e Idiopathic in about 85% cases. Imnmunogenic
predisposition is reported with a positive
correlation with HLA-DR2.

e Known causes (15% cases) include tuberculosis,
syphilis, sarcoidosis, and Lyme disease.

Clinical features

Symptoms

o Asymptomatic in many cases,

e Floaters of insidious onset is most common
presentation,

e Blurring of vision and decreased vision may occur
later,

e Pain, photophobia and redness are conspicuously
absent.

Signs

Anterior segment signs. On cursory examination eye

looks white and quiet. Anterior segment may or may

not show signs of minimal activity in the form of:

e Low grade flare and cells,

o Few KPs due to spillover anterior uveitis,

o Lensmay show complicated cataract in late stages.

Posterior segment signs pathognomic of intermediate

uveitis are:

o Vitreous cells (+1 to +4),

o Anterior vitreous condensation,

o Snowball or cotton ball opacities (Ant’s eggs) refers
to typical exudates present near the ora serrate in
the inferior quadrant.

o Snow banking, i.e., grey white fibrovascular plaque
over the pars plana with or without associated
peripheral retinal periphlebits form the hallmark
of intermediate uveitis. These are best seen with
indirect ophthalmoscopy and Goldman three
mirror examination.

o Severe vitreous opacification obscuring retina and
even presenting as leucocoria may occur rarely.

Course, prognosis and complications

Course and prognosis. Relatively good prognosis if
well treated. Course is usually chronic with three
distinct patterns:

« Single, mild self limiting episode (10%) cases,

» Prolonged course without exacerbations (60%
cases), and

o Chronic smoldering course with multiple subacute
exacerbations (30% cases).

Complicationsinclude: Complicated cataract, cystoid

macular oedema, band keratopathy, secondary

glaucoma, vitreous haemorrhage and tractional

retinal detachment.

Treatment
Modified 4 step protocol of Kaplan is as below:
Step 1: Periocular and systemic steroids. Topical
steroids are not of much use.
« Posterior subtenon injection of triamcinolone
40 mg/3 weeks x 3 injections are indicated initially.
 Systemic steroids are given in unresponsive cases.
Step 2: Immunosuppressive drugs such as cyclosporine,
azathioprine, methotrexate or cyclophosphamide
should be given with careful monitoring of effects
and potential side effects when step 1 measures fails.
Step 3: Cryotherapy or indirect laser photocoagulation
should be tried in cases with snowbanking.
Step 4: Pars-plana vitrectomy is indicated in severe
cases and when step 3 measures fail. It helps by
removing inflammatory debris, antigenic load and
possible traction on macula. Its role in tractional RD
is unequivocal.

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.

Clinical features

Symptoms

Choroiditis (non-suppurative inflammation) 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:
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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. Itis 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

1. Anterior segment signs. Usually there are no external
signs and the eye looks quiet. However, fine KPs may
be seen on biomicroscopy due to associated cyclitis.

1. Vitreous opacities due to choroiditis are usually
present in its middle or posterior part. These may
be fine, coarse, stringy or snowball opacities.

Features of a patch of choroiditis are as below.

1. Active patch of choroiditis, 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. There may be
associated vasculitis.

2. Healed patch of choroiditis, when active
inflammation subsides, becomes more sharply
defined and delineated from the rest of the normal
area due to atrophy of choroidal tissue. The involved
area shows white sclera below the atrophic choroid
and black pigmented clumps at the periphery of
the lesion (Figs. 8.16 and 8.17). A healed patch
of chorioretinitis must be differentiated from the
degenerative conditions such as pathological
myopia and retinitis pigmentosa.

Clinical types of choroiditis

Depending upon the number and location of lesions
choroiditis can be classified into three types: focal,
multifocal and diffuse.

Focal choroiditis

Focal choroiditis also known as localized or
circumscribed 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:

1. Central choroiditis. As the name indicates it
involves the macular area and may occur either alone
(Fig. 8.16) 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.

2. 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.
3. Anterior peripheral choroiditis. It implies occurrence
of multiple small patches of choroiditis in the
peripheral part of choroid (anterior to equator). Such
lesions are often syphilitic in origin.

4. Equatorial choroiditis. It involves the choroid in the
equatorial region only.

Fig. 8.16 A healed patch of central chorioretinitis

Fig. 8.17 Healed lesions of multifocal choroiditis
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Multifocal choroiditis

Multifocal choroiditis also known as disseminated
choroiditis is characterised by multiple but small
areas of inflammation scattered over the greater part
of choroid (Fig. 8.17). Such a condition may be due
to syphilis or tuberculosis, but in many cases the
cause is obscure.

Diffuse choroiditis

It refers to large spreading lesions involving most
of the choroidal tissue. It is usually tubercular or
syphilitic in origin.

Complications

These include extension of the inflammation to anterior
uvea, complicated cataract, vitreous degeneration,
macular oedema, secondary periphlebitis retinae and
retinal detachment.

Treatment

Periocular and systemic corticosteroids constitute the
mainstay of treatment. Posterior subtenon injections
of depot corticosteroids are effective in checking the
acute phase of posterior uveitis.

Immunosuppressive agents may be required to check
the inflammation in cases not responding to steroids.
Specific treatmentis required for the causative disease
such as toxoplasmosis, toxocariasis, tuberculosis,
syphilis, etc.

SPECIFIC CLINICO-ETIOLOGICAL TYPES
OF NON-SUPPURATIVE UVEITIS

Detailed description of each such clinical entity
is beyond the scope of this chapter. However,
classification and salient features of some common
clinico-etiological types of non-suppurative uveitis
are described here:

Classification
A.INFECTIOUS UVEITIS
1. Uveitis in chronic systemic bacterial infections:
1. Tubercular uveitis
2. Leprotic uveitis
1. Spirochetal uveitis
1. Syphilitic uveitis
II1. Viral uveitis
1. Herpes simplex uveitis
2. Herpes zoster uveitis
3. Acquired cytomegalovirus uveitis
4. Uveitis in acquired immune deficiency
syndrome (AIDS)
IV. Parasitic uveitis
1. Toxoplasmosis
2. Toxocariasis
3. Onchocerciasis
4. Amoebiasis

V. Fungal uveitis
1. Presumed ocular histoplasmosis syndrome
2. Candidiasis

B. NON-INFECTIOUS UVEITIS
1. Uveitis in non-infectious systemic diseases
1. Uveitis in sarcoidosis
2. Behcet’s disease
II. Uveitis associated with arthritis
1. Uveitis with Ankylosing spondylitis
2. Reiter’s syndrome
3. Still's disease
III. Lens-induced uveitis
1. Phacotoxic uveitis
2. Phacoanaphylactic endophthalmitis
IV. Traumatic uveitis
V. Uveitis associated with malignant intraocular
tumours
VL. Idiopathic specific uveitis syndromes
. Fuchs’ uveitis syndrome
. Intermediate uveitis (see page 161)
. Sympathetic ophthalmitis (see page 437)
. Glaucomatocyclitic crisis
. Vogt-Koyanagi-Harada’s syndrome
. Bird shot retinochoroidopathy
. Acute multifocal placoid pigment epithelio-
pathy (AMPPE)
8. Serpiginous choroidopathy

N OOk WD -

A. INFECTIOUS UVEITIS

M 1. 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 still not 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.

Clinical presentations

1. Tubercular anterior uveitis. It may occur as acute

nongranulomatous 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.
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ii. Douse or multifocal choroiditis may occur in
chronic tuberculosis.

iii. Choroidal granuloma may occur rarely as a focal
lesion.

3. Vasculitis. (Eales’ disease) is another manifestation

of tuberculosis (see page 268).

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.

Leprotic Uveitis

Leprosy (Hansen'’s disease) is caused by Mycob-
acterium 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
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.

M 1. SPIROCHETAL UVEITIS

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. Itis 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.

M 11l. 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
lesions are more marked in immunocompromised
patients (e.g., HIV+ patients) as compared to
immunocompetent patients. Toxoplasmosis is the
most common cause of posterior uveitis and accounts
for approximately 90% of focal necrotizing retinitis.

Clinical presentation
Systemic toxoplasmosis occurs in humans in three
forms: congenital, acquired and recurrent.

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% infants are born with
the disease which may be active or inactive at birth.

Most of the infants are born with inactive disease,
characterised by bilateral healed punched out
heavily pigmented chorioretinal scars in the macular
area (Fig. 8.16), which is usually discovered when
the child is brought for defective vision or squint
check up.

2. Acquired toxoplasmosis

In the past, acquired toxoplasmosis was considered
of doubtful existence and most toxoplasmosis was
thought to be congenital but acquired disease is
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increasingly recognized. 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. Other
lesions include punctate outer retinal toxoplasmosis
(PORT). More common in HIV+ patients.

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
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.
Characteristic 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 non-
granulomatous type of mild anterior uveitis.

Diagnosis and treatment

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

Itis an infestation caused by an intestinal roundworm
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:

=Toxocara chronic endophthalmitis. 1t 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.

= 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.

= Peripheral granuloma. 1t 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 feature and
ELISA blood test.

Treatment. It consists of periocular (posterior
sub-Tenon) injection of steroid and systemic
steroids. Pars plana vitrectomy may be required in
unresponsive patients with endophthalmitis and in
patients with vitreous band formation.

M IV. 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 histoplasmosis is endemic (e.g.,
Mississippi-Ohio-Missouri river valley) and 90%
of patients with POHS show positive histoplasmin
skin test. POHS has also been reported from United
Kingdom, suggesting that perhaps some other
etiological agents are also capable of producing the
disease.

Clinical features

POHS is characterised by following features:
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.

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.

Diagnosis

The clinical diagnosis is supported but not confirmed
by positive histoplasmin test, and complement
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fixation tests (negative in two-thirds cases).
Fluorescein angiography helps in early diagnosis of
subretinal neovascular membrane.

Treatment

Active lesions at the macula are often treated with
systemic corticosteroids. Earlylaser photocoagulation
of subretinal neovascular membrane may prevent
marked permanent visual loss which occurs due to
fibrous disciform scars. For subfoveal membrane
PDT should be considered. Emerging threapy
include anti-VEGF treatment.

Candidiasis

It is an opportunistic infection caused by Candida
albicans. Tt occurs in immunocompromised 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
manifestation. 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
‘puffball’ or ‘cotton ball’ colonies, which when joined
by exudative strands form ‘string of pearls!

Treatment

It consists of:

e Topical cycloplegics, and antifungal drugs.

o Systemic antifungal drugs like ketoconazole,
flucytosine or amphotericin-B are also needed.

e Pars plana vitrectomy is required for Candida
endophthalmitis.

M V.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 110).

Anterior uveitis develops in 40-50% 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 non-granulomatous
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

Itisassociated with keratitisin most of the cases. Itmay
be seen in association with dendritic or geographical
corneal ulceration or with disciform keratitis. Rarely,
anterior uveitis may occur even without keratitis. Itis
amild 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.

Cytomegalovirus Retinitis

Cytomegalovirus (CMV) retinitis usually occurs
in immunocompromised patients e.g., those
suffering from AIDS, on cytotoxic chemotherapy,
or long term immunosuppression following renal
transplantation. It is the most frequent (40%
prevalance) ocular opportunistic infection in
patients with AIDS. It occurs only when CD 4+
counts < 50 cells mm?®. However, since the advent of
Highly Active Antiretroviral Therapy (HAART) there
has occured a dramatic reduction in CMV retinitis.

Clinical features

Symptoms. Often asymptomatic, some patients may
present with scotoma or decreased vision and/or
floaters in one or both eyes.

Anterior segment signs are usually absent. Rarely few
stellate KPs may be seen.

Posterior segment signs include:

= Haemorrhagic retinitis (see Fig. 12.5) characterised
by areas of necrosis (yellow white exudates)
associated with areas of vasculitis (perivascular
sheathing), retinal haemorrhages and loss of
fundal details (pizza pie appearance) is a typical
presentation in fulminant form of the disease. There
occurs progressive retinal atrophy.

=Granular retinitis characterised by peripheral
granular opacities with occasional haemorrhage
seen in indolent form of the disease.

= Complications include retinal detachment (up to
30%), retinal atrophy and optic nerve disease.
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Treatment

e HAART is recommended to reduce retroviral
load and to increase CD4+ count in patients
with AIDS.

e Specific anti-CMYV treatment includes: valagan-
ciclovir, ganciclovir, foscarnet, and intravenous inje-
ctions of cidofovir individually or in combination.

Acute Retinal Necrosis

Etiology

Acute retinal necrosis (ARN) is a rare clinical

syndrome caused by any of the following viruses:

o Varicella-zoster virus (VZV). It is the commonest
cause of ARN, particularly in older patients.

o Herpes simplex virus 1 and 2 (HSV I & 2) both cause
ARN, typically in younger patients.

o Cytomegalovirus (CMV) can also cause ARN, very
rarely.

Clinical features

Symptoms include decreased visual acuity, floaters,

ocular discomfort, pain and photophobia.

Signs are as follows:

o Anterior segment may or may not show signs of
inflammation in the anterior chamber.

o Vitritis is usually marked.

e Retinal lesions include areas of focal, well
demarcated peripheral necrotising retinitis,
associated with occlusive arteritis. Posterior pole
is typically spared.

Complications include: retinal detachment (rhe-

gmatogenous or tractional), and ischaemic optic

neuropathy.

Treatment
o Systemic antiviral drugs e.g., aciclovir IV 10 mg/kg
body weight TID, for two weeks then PO dose for
6-12 weeks. Alternative drug is valaciclovir.
Note. Lifelong antiviral cover is required in
immunosuppressed patients.
e Systemic steroids are needed to control
inflammation.
¢ Aspirin to prevent arterial occlusion.
e Barrier laser photocoagulation for retinal breaks.
Vitrectomy with silicon oil injection for associated
retinal detachment.

Progressive Outer Retinal Necrosis
Progressive outer retinal necrosis (PORN) is a
very rare devastating necrotizing retinitis caused
by a Varicella Zoster Virus (VZV) infection in
immunocompromised patients (usually in patients
suffering with AIDS with CD4+ T-cell counts <50/
mm?).

Clinical features

e Painless rapid loss of vision in one or both eyes is
the presenting symptom.

e Retinal lesions include rapidly coalescing white
areas of outer retinal necrosis (often central as
well as peripheral) but with minimal vasculitis,
retinitis or viritis (cf ARN). Retinal detachment is
an extremely common complication.

Treatment

Treatment consists of intravenous injection of

ganciclovir or foscarnet combined with intravitreal

ganciclovir.

B. NON-INFECTIOUS UVEITIS

M 1. UVEITIS ASSOCIATED WITH NON-
INFECTIOUS SYSTEMIC DISEASES

Uveitis in Sarcoidosis

Sarcoidosis is a granulomatous multi-system disease
of unknown etiology, characterised by formation
of non-caseating epithelioid cell granuloma in the
affected tissue. The disease typically affects young
adults (20-50 years), being more common in females
than males, and more common in those of African
heritage than Caucasians. It frequently presents
with bilateral hilar lymphadenopathy, pulmonary
infiltration, skin and ocular lesions.

Ocular lesions

Ocular lesions, occur in 20-50% patients with
sarcoidosis and include sarcoid uveitis, conjunctival
lesions and lacrimal gland involvement.

I. Sarcoid uveitis

Sarcoid uveitis accounts for 2% cases and may be
anterior, intermediate, posterior or panuveitis.

1. Anterior uveitis. Typically presents as granulomatous
iridocyclitis characterized by iris nodules, large
mutton fat KPs (in a triangular distribution), anterior
chamber cells and flare, and posterior synechiae.

2. Intermediate uveitis is characterized by vitreous
cells, snowball opacities and snowbanking.

3. Posterior uveitis lesions include choroidal and
retinal granulomas, cystoid macular oedema,
periphlebitis retinae with sheathing, appearing
as candle wax droppings. Peripheral multifocal
chorioretinitis characterised by small, punched out
atrophic spots, are highly suggestive of sarcoidosis.
Uveoparotid fever (Heerfordt’s syndrome). It is
characterised by bilateral granulomatous pan-
uveitis, painful enlargement of parotid glands,
cranial nerve palsies, skin rashes, fever and
malaise.
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Complications of sarcoid uveitis include complicated
cataract, inflammatory glaucoma and cystoid
macular oedema.

Il. Other ocular lesions of sarcoidosis

1. Conjunctival lesions include sarcoid nodules, and
keratoconjunctivitis sicca.

2. Lacrimal glands may be enlarged. When
associated with diffuse swelling of salivary glands,
constitute the so called Mickulicz’s syndrome.

Diagnosis and treatment

Diagnosis. Once suspected clinically, it is supported by
positive Kveim test, abnormal X-ray chest (in 90% 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 of sarcoid uveitis is on general lines (see
page 159). In short, topical, periocular and systemic
steroids constitute the treatment of sarcoid uveitis,
depending upon the severity.

Behcet’s Disease

Itis an idiopathic multisystem disease characterised
by recurrent, non-granulomatous uveitis, aphthous
ulceration, genital ulcerations and erythema
multi-forme.

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 Behcets 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.

o Corticosteroids may be helpful initially but ultimate
response is poor.

o Immunosuppressive drugs such as methotrexate,
azathioprine and cyclosporine are needed in
resistant cases and for an acute flare.

M 11. UVEITIS ASSOCIATED WITH 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% patients with
ankylosing spondylitis develop uveitis.

Clinical features. Uveitis associated with ankylosing
spondylitis is characteristically an acute, recurrent,
non-granulomatous type of iridocyclitis. The disease
usually affects one eye at a time.

Treatment. It is on the lines of usual treatment of
anterior uveitis (see page 159). Long-term aspirin or
indomethacin may decrease the recurrences.

Reiter’s Syndrome
Itis 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:
e Acute mucopurulent conjunctivitis which
may be associated with superficial punctate keratitis.
o Acute non-granulomatous type of iridocyclitis
occurs in 20-30% cases of Reiter’s syndrome.
Treatment. The iridocyclitis responds well to usual
treatment (see page 159). A course of systemic
tetracycline 250 mg QID for 10 days may be useful
in postvenereal form suspected of being caused by
Chlamydia infection.

Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA) is a 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% cases, polyarthritis is associated with
hepatosplenomegaly and other systemic features,
and the condition is labelled as Still’s disease.
Anterior uveitis associated with JIA 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% 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 JIA.
Complications like posterior synechiae, complicated
cataract and band-shaped keratopathy are fairly
common.

Treatment is on the usual lines (see page 159).

M 11l. LENS-INDUCED UVEITIS

Phacoanaphylactic Uveitis
Itis an immunologic response to lens proteins in the
sensitized eyes presenting as severe granulomatous
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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.

Treatment. It consists of removal of causative lens
matter, topical steroids and cycloplegics. Visual
prognosis is usually poor.

Phacotoxic Uveitis

It is an ill-understood entity. This term is used
to describe mild iridocyclitis associated with the
presence oflens 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.
Treatment. It consists of removal of lens matter,
topical steroids and cycloplegics.

M IV.TRAUMATIC UVEITIS
See page 430

M V.UVEITIS ASSOCIATED WITH INTRAOCULAR
TUMOURS
See pages 175 and 306

M VI. IDIOPATHIC SPECIFIC UVEITIS SYNDROMES

Fuchs’ Uveitis Syndrome (FUS)

Fuchs’ ‘heterochromiciridocyclitis’ is a chronic non-
granulomatous type of low grade anterior uveitis
typically associated with ealy cataract formation. It
typically occurs unilaterally in middle-aged persons.

Clinical features

The disease is characterised by:

e Heterochromia of iris,

o Diffuse stromal iris atrophy, (moth-eaten
appearance), may cause transillumination defects,

o Fine stellate KPs at the back of cornea,

o Faint aqueous flare,

o Absence of posterior synechiae,

e A fairly common rubeosis iridis, sometimes
associated with neovascularisation of the angle of
anterior chamber, and

o Comparatively early development of complicated
cataract and secondary glaucoma (usually open
angle type).

Treatment

o Topical corticosteroids are all that is required.

e Cycloplegics are not required as usually there are
no posterior synechiae.

e Associated glaucoma should be treated as for
POAG.

Glaucomatocyclitic Crisis

Clinical features

Posner Schlossman syndrome is characterised by:

o Recurrent unilateral attacks of acute rise of
intraocular pressure (40-50 mm of Hg) without
shallowing of anterior chamber associated with,

e Fine KPs at the back of cornea, without any
posterior synechiae,

« Epithelial oedema of cornea,

« Dilated pupil,

o White eye (no congestion), and

o The disease typically affects young adults, 40% of
whom are positive for HLA-BW54.

Treatment

o Antiglaucoma drugs, to lower intraocular pressure,
and along with

o Topical steroids, a short course.

Sympathetic Ophthalmitis

Itis arare 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 437).

Vogt-Koyanagi-Harada (VKH) Syndrome

Itis anidiopathic 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 are as follows:

1. Cutaneous lesions include: alopecia, poliosis and
vitiligo.

2. Neurological lesions are in the form of meningism,

and encephalopathy.

. Auditory features: tinnitus, vertigo and deafness.

4. Ocular features include:

i. Anterior uveitis is typically bilateral chronic
granulomatous characterised by iris nodules,
posterior synechiae.

ii. Posterior uveitis lesions include multifocal
choroiditis leading to exudative retinal
detachment, choroidal depigmentation (sunset
glow fundus), Dalen-Fuch’s nodules and
peripheral yellow-white choroidal granuloma.

w

Complications include: cataract, glaucoma and CNV
membrane.

Treatments of uveitis is on general lines (see page
159).
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= Corticosteroids administered topically, periocularly
and systemically (in high doses) constitute the main
stay of treatment.

= Immunosuppressive drugs such as methotrexate,
azathioprine, and cyclosporine should be
considered for resistant and recurrent cases.

Acute Posterior Multifocal Placoid Pigment
Epitheliopathy (APMPPE)

Clinical features. 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.

= After healing, multifocal areas of depigmentation
and pigment clumping involving the retinal
pigment epithelium are left.

Complications, though rare, include mild anterior

uveitis, vascular sheathing, and exudative retinal

detachment.

Treatment. No treatment is effective.

Serpiginous Geographical Choroidopathy

Itis arare, idiopathic, recurrent, bilaterally asymm-

etrical inflammation involving the chorioca-

pillaris and pigment epithelium of the retina. The
disease:

« Typically affects patients between 40 and 60 years
of age.

o Characteristiclesions are: Cream coloured patches
with hazy borders present around the optic disc
which spread in a tongue fashion.

o After few weeks the lesions heal leaving behind
punched out areas of retinal pigment epithelium
and choroidal atrophy.

o No treatment is effective.

Bird-shot Retinochoroidopathy

Itis arare, idiopathic, bilaterally symmetrical chronic

multifocal chorioretinitis characterised by:

e Numerous flat creamy-yellow spots due to focal
chorioretinal hypopigmentation, resembling the
pattern of ‘bird-shot scatter from a shotgun’

¢ The disease, more common in females than males,
typically affects middle-aged healthy persons who
are positive for HLA-A29.

e Itruns a long chronic course of several years.

Treatment with corticosteroids is usually not

effective.

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 and ultimately leading to
panophthalmitis.

B 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.

2. Endogenous or metastatic endophthalmitis. It
may occur rarely through bloodstream from some
infected focus in the body such as caries teeth,
generalised septicaemia and puerperal sepsis.

3. Secondary infections from surrounding structures.
Itis 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. Propionibacterium 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.



Chapter 8 Diseases of Uveal Tract

171

1. Postoperative sterile endophthalmitis may occur

as toxic reaction to:

o Chemicals adherent to intraocular lens (IOL) or

o Chemicals adherent to instruments.

o Severe reaction mainly confined to the anterior
segment is also called ‘Toxic anterior segment
syndrome’ (TASS).

2. Post-traumatic sterile endophthalmitis may occur

as toxicreaction to retained intraocular foreign body,

e.g., pure copper.

3. Phacoanaphylactic endophthalmitis may be induced

by lens proteins in patients with Morgagnian cataract.

4. Intraocular tumour necrosis may present as sterile

endophthalmitis (masquerade syndrome).

Note. Since postoperative acute bacterial endoph-
thalmitis is most important, so clinical features and
treatment described below pertain to this condition.

Clinical feature 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 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.

Onset may be acute or delayed

= Acute onset of bacterial endophthalmitis usually

occurs between 1-7 days of operation.

= Delayed onset endophthalmitis occurs a week to

month after surgery. Fungi are the most common
cause and Propionibacterium acne is the second
most common cause of delayed endophthalmitis.

Symptoms. Acute bacterial endophthalmitis is

characterized by severe ocular pain, redness,

lacrimation, photophobia and loss of vision.

Signs of an established case are as follows (Fig. 8. 18):

1. Lids become red and swollen.

2. Conjunctiva shows chemosis and marked
circumcorneal congestion.

3. Corneais oedematous, cloudy and ring infiltration
may be formed.

4. Edges of wound become yellow and necrotic and
wound may gape (Fig. 8.19) in exogenous form.

5. Anterior chamber shows hypopyon; soon it

becomes full of pus.

. 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.

2]

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 pressureisraised in early stages, butin
severe cases, the ciliary processes are destroyed,
and a fall in intraocular pressure may ultimately
result in shrinkage of the globe.

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 mainstay 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:

e First choice: Vancomycin 1 mg in 0.1 ml plus

ceftazidime 2.25 mgin 0.1 ml.

e Second choice: Vancomycin 1 mg in 0.1 ml plus

amikacin 0.4 mgin 0.1 ml.

Note.

=Some surgeons prefer to add dexamethasone 0.4 mg
in 0.1 ml to limit postinflammatory consequences.
*Gentamycin is 4 times more retinotoxic (causes
macular infarction) than amikacin. Preferably the
aminoglycosides should be avoided.

Fig. 8.18 Postoperative acute endophthalmitis
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Fig. 8.19 Severe postoperative endophthalmitis with

wound gape

=The aspirated fluid sample from vitreous cavity

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. 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:

e Vancomycin (50 mg/ml) or cefazoline (50 mg/
ml) plus.

o Amikacin (20 mg/ml) or tobramycin (15 mg%).

3. Systemic antibiotics have limited role in the

management of endophthalmitis, but most of the

surgeons do use them.

e Ciprofloxacin intravenous infusion 200 mg BD for
3-4 days followed by orally 500 mg BD for 6-7 days, or

o Vancomycin 1 gm IV BD and ceftazidime 2 g IV 8
hourly, or

o Cefazoline 1.5 gm IV 6 hourly and amikacin 1 gm
IV three times a day.

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 (controversial).
Routes of administration and doses are:

o Intravitreal injection of dexamethasone 0.4 mg in

0.1 ml along with antibiotics.

o Topical dexamethasone (0.1%) or predacetate (1%)
used frequently.

o 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.

e Lansoprazole 30 mg OD should be given before
steroids for gastric protection.

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

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 hand movement close to face. Vitrectomy
helps in removal of infecting organisms, toxins and
enzymes present in the infected vitreous mass.

B 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

e Panophthalmitis is an acute bacterial infection.

e Mode of infection and causative organisms
are same as described for infective bacterial
endophthalmitis (see page 170).

Clinical features

Symptoms include:

 Severe ocular pain and headache,

e Complete loss of vision,

 Profuse watering,

e Purulent discharge,

e Marked redness and swelling of the eyes, and

o Associated constitutional symptoms are malaise
and fever.

Signs are as follows (Fig. 8.20):

1. Lids show a marked oedema and hyperaemia.

2. Eyeball is slightly proptosed, ocular movements
are limited and painful.
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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 atlimbus, pus comes
out and intraocular pressure falls.

Complications include:

¢ Orbital cellulitis,

¢ Cavernous sinus thrombosis, and
e 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.

3. Evisceration operation should be performed to
avoid the risk of intracranial dissemination of
infection.

Evisceration

Itis theremoval 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. 8.21).

Initial steps upto separation of the conjunctiva and
Tenon’s capsule are similar to enucleation (see
page 308).

Removal of cornea. A cut at the limbus is made with
arazor blade fragment or with a No. 11 scalpel blade
and then the cornea is excised with corneoscleral
scissors.

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.

Separation of extraocular muscles is done as for
enucleation.

Removal of sclera. Using curved scissors the sclera is
excised leaving behind only a 3 mm frill around the
optic nerve.

Closure of Tenon’s capsule and conjunctiva and other
final steps are similar to enucleation (see page 308).

I DEGENERATIVE CONDITIONS OF
UVEAL TRACT

@ 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. Differential diagnosis of patch
of simple iris atrophy may be senile atophy, post-
inflammatory, glaucomatous or neurogenic due to
lesions of the ciliary ganglion.

2. Essentialiris 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

™

Fig. 8.21 Removal of intraocular contents in evisceration
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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.

B DEGENERATIONS AND DYSTROPHIES
OF THE CHOROID

I. Primary choroidal degenerations

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.

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 41)

Il. Secondary choroidal degeneration

Secondary choroidal degeneration occurs following
inflammatorylesions of the fundus. Itis characterised
by scattered area of chorioretinal atrophy and
pigment clumping. Ophthalmoscopic picture
resembles retinitis pigmentosa and hence also
labelled sometimes as ‘pseudoretinitis pigmentosa!

Bl TUMOURS OF UVEAL TRACT

[ CLASSIFICATION
I. 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 Naevus

1.

2. Benign cyst

3. Naevoxanthoendothelioma
b. Malignant 1. Melanoma
B TUMOURS OF 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 present as a
raised, domeshaped, salmon pink swelling usually
situated at the posterior pole of the eye. Overlying
retina may show serous detachment, cystoid
degeneration and pigment epithelial 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.

Melanocytoma
Itis arare tumour which presents as a jet black lesion
around the optic disc.

Choroidal Osteoma

It is a very rare benign tumour which presents as
elevated, yellowish-orange lesion in the posterior
pole. It typically affects the young women.

Malignant Melanoma of Choroid

It is the most common primary intraocular tumour
of adults, usually seen between 40-70 years of age.
Itis rare in blacks and comparatively more common
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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
pre-existing 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 (Collar-
Stud 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% cases. In it
symptoms occur late.

Histopathology. Microscopically uveal melanomas
are of 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%
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% 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% 10 year survival).
These make up 45% of all tumours.

4. Necrotic melanomas. These make up the
remaining 5% of the all tumours. In these tumours,
the predominant cell type is unrecognizable.

Clinical features

For the purpose of description only the clinical
features can be divided into four stages.

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. 8.22).
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.

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. 8.23). 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
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.

(i) 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

Fig. 8.22 Fundus photograph showing choroidal
melanoma as raised pigmented subretinal mass
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Fig. 8.23 Malignant melanoma of the choroid causing
exudative retinal detachment : A, diagrammatic depiction
in cut section; B, fundus photograph

atthe 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. 8.24).

4. Stage of distant metastasis. Lymphatic spread is
usually not known. Blood-borne metastasis usually
occurs in liver and is the commonest cause of death.

Differential diagnosis

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.

Fig. 8.24 Extensive malignant melanoma of the
choroid involving orbit

2. During glaucomatous stage differentiation is to be
made from other causes of acute glaucoma.

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 (Fig. 8.25)
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

I. Observation. When the diagnosis is doubtful,
observation is indicated especially for small
asymptomatic lesions with absence of suspicious
features (i.e., associated subretinal fluid/detachment,
lipofuscin on the surface, thickness >2 mm).

II. Conservative treatment to salvage the eyeball
should be instituted when there is no doubt
of diagnosis and the tumour is not very large.
Methods used for conservative treatment and their
indications are:

1. Brachytherapy using cobalt-60 or iodine-125
plaques surgically placed externally on the sclera is
usually the treatment of choice in tumours less than
10 mm in elevation and less than 16 mm in basal
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Fig. 8.25 B-scan of a patient with choroidal melanoma
showing dome-shaped tumour

diameter. Supplemental transpupillary thermotherapy
may be required to enhance the results.

2. External beam radiotherapy (EBR) with protons or
helium ions is indicated in tumours unsuitable for
brachytherapy either because of size or posterior
location to within 4 mm of disc or fovea.

3. Transpupillary thermotherapy (TTT) with diode laser
isindicated in selected small tumours, particularly if
pigmented and located near the fovea or optic disc.
It can also be supplemented over brachytherapy to
enhance results.

4. Trans-scleral local resection is indicated in tumours
that are too thick for radiotherapy and usually
less than 16 mm in diameter. It is a very difficult
procedure which is performed under systemic
arterial hypotension.

5. Stereotactic radiosurgery is anew method indicated
in large tumours. It involves single-session delivery
of ionizing radiation to a stereotactically localized
volume of tissue with the help of Gamma knife.

II1. Enucleation. It is indicated for very larger tumours
>16 mm basal diameter or >10 mm apical height in
which conservative methods to salvage the eyeball
are not effective.

IV. Exenteration or debulking with chemotherapy and
radiotherapy is required at the stage of extraocular
spread.

V. Palliative treatment with chemotherapy and
immunotherapy may be of some use in prolonging
life of the patients with distant metastasis.

Prognostic indicators in uveal melanomas

o Age of the patient. Prognosis worsens with
increasing age.

e Size of tumour. Larger the tumour, worse is the
prognosis.

e Location of tumour. Ciliary melanomas carry
worse prognosis as compared to choroidal
melanomas.

e Evidence of invasion. Extrascleral or vortex vein
involvement carry poor prognosis.

e Cell type. Spindle A carries the best prognosis
followed by spindle B, mixed and epitheloid
melanoma (worst).

e Cytology. Prognosis worsens with nucleolar size
variation, vascular loops and mitotic activity.

o Chromosomal abnormalities, like monosomal
3 and partial duplication of chromosome 8 are
associated with increased risk of metastasis and
death.

B 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 alocalised 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.
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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.

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 iridocyclectomy
may be enough, if fortunately tumour is detected
in early stage.

B TUMOURS OF IRIS

Naevus

Itis 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 iridectony. 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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ll ANATOMY AND PHYSIOLOGY

I APPLIED ANATOMY

o Shape, transparency and location. The lens is a
transparent, biconvex, crystalline structure placed
between iris and the vitreous in a saucer shaped
depression, the patellar fossa.

o Diameteris 9-10 mm.

e Thickness varies with age from 3.5 mm (at birth) to
5 mm (at extreme of age).

o Weight varies from 135 mg (0-9 years) to 255 mg
(40-80 years of age).

o Surfaces. 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.

e Refractive index is 1.39.

o Total dioptric power is about 18 D (range 16-20D).

o 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
Lens consists of (Fig. 9.1)

1. Lens capsule. It is a thin, transparent, hyaline
membrane surrounding the lens which is thicker

* Intraocular lens implantation

* Postoperative management after cataract operation

* Complications of cataract surgery and their management
DISPLACEMENTS OF LENS

Clinico-etiological types

Topographical types

* Subluxation

* Dislocation

CONGENITAL ANOMALIES OF LENS
* Coloboma of lens

* Lenticonus

* Microspherophakia

over the anterior than the posterior surface. The lens
capsule is thickest at pre-equator regions (14 n) and
thinnest at the posterior pole (3 p).

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,

Anterior capsule

Anterior epithelium ..':

Cortex \
Adult —£—— \
Infantile _E LB \
Foetal
Embryonic —f———— |

Nucleus

Fig. 9.1 Structure of the crystalline lens
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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. 9.2).

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:

e Embryonic nucleus. It is the innermost part of
nucleus which corresponds to the lens upto first
3 months of gestation. It consists of primary lens
fibres which are formed by elongation of the cells
of posterior wall of lens vesicle,

e 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. 9.2),

o Infantile nucleus corresponds to the lens from birth
to puberty, and

e 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.

Fig. 9.2 Y-shaped sutures of the fetal nuclear fibres

Suspensory ligaments of lens

Suspensory ligaments of lens (Zonules of Zinn),
also called as ciliary zonules, 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.

Arrangement of zonular fibres

According to new concept the zonular fibres run a

more or less complex but continuous course from ora

serrata to the edge of lens. However, for the purpose
of description only, the zonular complex can be

divided into following parts (Fig. 9.3):

1. Pars orbicularis refers to the feltwork of zonular

fibres which line pars plana part of ciliary body.

2. Zonular plexuses refers to the intervening network

of zonular fibres which are attached between ciliary

processes in the region of pars plicata part of ciliary
body.

3. Zonular fork refers to the consolidated bundle of

zonular fibres which bend at right angle from the

anterior margin of pars plicata towards the lens after
dividing into three zonular limbs:

o Anterior zonular limb fibres are denser and insert
on the anterior lens capsule about 1.5 mm from
the equator.

o Equatorial zonular limb fibres are sparse and fan
outin a brush-like manner to getinserted into the
lens capsule of equatorial region.

e Posterior zonular limb fibres are inserted on the
posterior lens capsule about 1.25 mm from the
equator.

I APPLIED PHYSIOLOGY AND BIOCHEMISTRY
The crystalline lens is a transparent structure playing
main role in the focussing mechanism for vision. Its
physiological aspects include:

4. Anterior zonular limb

1. Pars orbicularis

2. Zonular plexus 5. Equatorial zonular limb

3. Zonular fork 6. Posterior zonular limb

Fig. 9.3 Arrangement of main zonular fibres
(New cocept)
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¢ Lens transparency,
¢ Metabolic activities of the lens, and
e Accommodation (see page 45).

Lens transparency

Factors that play significant role in maintaining

outstanding clarity and transparency of the

crystalline lens are:

o Avascularity of the lens.

o Characteristic of lens fibre:

- Tightly-packed nature of lens cells,
- Narrow lens fibre membranes,
- Loss of organelles

e Role of lens proteins. Major intrinsic proteins of the
lens belong to superfamily of aquaporines and is
classified as aquaporine MIP26 or aquaporin 0.

o Lens capsule. Semipermeable character.

e Pump mechanism of lens fibre membranes that
regulate the electrolyte and water balance in the
lens, maintaining relative dehydration and

o Auto-oxidation and high concentration of reduced
glutathionein 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. 9.4.
Some nutrition is also derived from the vitreous
humour, but it is much less than that derived from
the aqueous humour.
Pathways of glucose metabolism. Glucose is very
essential for the normal working of the lens. Metabolic
activity of the lensis largely limited to epithelium and
cortex, while the nucleus is relatively inert. Pathways
of glucose metabolism in the lens are as follows:
e Glycolytic pathway. In the lens, 80% glucose is
metabolised anaerobically by this pathway.
e Pentose, Hexose, Monophosphate (HMP) shunt is
responsible for metabolism of 15% of glucose.
e Kreb’s citric acid cycle metabolises only a small
proportion by the oxidative process.

Aqueous humour

Water 99% 66%
Na* 144 .20
K* 45 Na —P?Z?TPase
Ccl” 110 — 18
Glucose 6 —_— 1
LacticAcid 7.4 —— 14
Glutatione 0 S12
Inositol 0.1 5-9
Amino Acids 5 25
Proteins 0.04% S 33%
— —
Active transport (pump)  Diffusion (leak) S Synthesis

Fig. 9.4 Chemical composition of the lens vis-a-vis

aqueous humour and the chemical exchange (pump-leak

mechanism) between them. Values are in mmol/kg of lens
water unless otherwise stated

e Sorbitol pathway is relatively inconsequential in
the normal lens; however, it is extremely important
in the production of cataract in diabetic and
galactosemic patients.

Antioxidant mechanisms of lens

The crystalline lens has protective mechanisms
against oxidative damage caused by various oxidants
(oxygen intermediates) generated in vivo such as
superoxide anion (O,’), hydrogen peroxide (H,0,),
lipid peroxide and lipid hydroperoxides. Of these,
superoxide radicals may be most toxic to the lens
proteins.

Preventive antioxidant mechanisms of lens are:

o Enzymatic defence mechanism, which includes
reduced glutathione (most important), glutathione
peroxide, superoxide dismutase and catalase.

e Non-enzymatic defence mechanism includes
vitamin C, vitamin E and possibly carotenoids.
Pathogenesis of age-related cataract involves oxidation
oflens proteins and lipids due to deficient preventive

anti-oxidant mechanisms.

Respiratory quotient of lens is 1.

B CATARACT

@ DEFINITION
The word ‘cataract’ dates from the Middle Ages and
has been derived from the Greek word ‘katarraktes’
which means ‘waterfall’. This term was coined
assuming that an ‘abnormal humour’ developed
and flowed in front of the lens to decrease the vision.
The present definition of cataract came much
later after the understanding of the lens anatomy
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and of the fact that normal lens is a transparent
structure.

Asoftoday, the term cataractrefers to development
of any opacity in the lens or its capsule. Cataract, thus
may occur, either due to formation of opaque lens
fibres (congenital and developmental cataracts) or
due to degenerative process leading to opacification
of the normally formed transparent lens fibres
(acquired cataract).

Clinically, the term cataract refers to an opaci-
fication of sufficient severity to impair the vision
(Dorland’s Illustrated Medical Dictionary, W.B.
Saunders, Philadelphia).

Il CLASSIFICATION

A. Etiological classification
I. Congenital and developmental cataract
II. Acquired cataract
. Senile cataract
. Traumatic cataract (see page 429)
. Complicated cataract
. Metabolic cataract
. Electric cataract
. Radiational cataract
. 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.

N O Ok W N -

B. Morphological classification (Fig. 9.5)

1. Capsular cataract. Itinvolves the capsule and may
be:
i. Anterior capsular cataract
ii. Posterior capsular cataract

2. Subcapsular cataract. It involves the superficial
most 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.Itinvolves only the deeper
parts of cortex (just outside the nucleus).

5. Nuclear cataract. It involves the nucleus of the
crystalline lens.

Posterior subcapsular

Coronary
(peripheral cortical)

Anterior cortical

(]
2
@®
Subcapsular | .
[=5
. =)
Pyramidal 2
o
Nuclear
Lamellar

Posterior polar

Fig. 9.5 Morphological shapes of cataract

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

Congenital and developmental cataracts 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.

Il ETIOLOGY

About one-third cases are idiopathic, one-third
are hereditary, and the rest one-third due to other
causes.
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I. Idiopathic
About 33% cases are sporadic and of unknown
etiology.

II. Heredity

About one-third of all congenital cataracts are

hereditary.

= Inherited cases without systemic disorders. In these

cases, the mode of inheritance is usually autosomal

dominant.

= Inherited cases with systemic disorders include:

o Chromosomal disorders (e.g. trisomy 21),

o Skeletal disorders (e.g. Stickler syndrome),

o Central nervous system disorders (e.g. cerebro-
oculo-facial syndrome),

e Renal system disorders (e.g. Lowe’s syndrome)

Common familial cataracts include:

o Cataracta pulverulenta,

e Zonular cataract (also occurs as nonfamilial),

» Coronary cataract and total soft cataract (may also
occur due to rubella).

II1. Maternal factors

1. Malnutrition during pregnancy has been
associated with nonfamilial zonular cataract.

2. Infections. Maternal infections like rubella are
associated with cataract in 50% of cases. Other
maternal infections associated with congenital
cataract include foxoplasmosis and cytomegalic
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.

IV. Foetal or infantile factors

1. Deficient oxygenation (anoxia) owing to placental
haemorrhage.

2. Birth trauma, may cause cataract.

3. Metabolic disorders of the foetus or infant such
as galactosemia, galactokinase deficiency and
neonatal hypoglycemia.

4. Cataracts associated with other congenital anoma-
lies e.g., as seen in Lowe’s syndrome, myotonia
dystrophica and congenital icthyosis.

5. Ocular diseases associated with developmental
cataract include persistent hyperplastic primary
vitreous (PHPV), aniridia anterior chamber
cleavage syndrome retinopathy of prematurity,
lenticonus posterior and microopthalmos.

6. Malnutrition in early infancy may also cause
developmental cataract.

M CLINICALTYPES
Congenital and developmental cataracts have
been variously classified. A simple morphological
classification of congenital and developmental
cataract is as under:
1. Congenital capsular cataracts

1. Anterior capsular cataract

2. Posterior capsular cataract

1. Polar cataracts
1. Anterior polar cataract
2. Posterior polar cataract
II1. Congenital nuclear cataracts
1. Cataracta pulverulenta
2. Lamellar cataract
3. Sutural and axial cataracts
- Floriform cataract
- Coralliform cataract
- Spear-shaped cataract
- Anterior axial embryonic cataract
- Dendritic suture cataract
4. Total nuclear cataract

IV. 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.

Il. Polar cataracts

1. Anterior polar cataract

Itinvolves the central part of the anterior capsule and

the adjoining superficial-most cortex. It may arise in

the following ways:

o Dueto delayed development of anterior chamber. In
this case the opacity is congenital usually bilateral,
stationary and visually insignificant.

 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:

o Thickened white plaque in the centre of anterior
capsule.

e Anterior pyramidal cataract. In this the thickened
capsular opacity is cone-shaped with its apex
towards cornea.
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e 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 buried
opacity is called ‘imprint’ and the two together
constitute reduplicated cataract.

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:

o Persistent hyaloid artery remnants (Mittendorf dot),
¢ Posterior lenticonus, and

e Persistent hyperplastic primary vitreous (PHPV).

Types. Posterior polar cataract occurs in two forms:

o Stationary form and

¢ Progressive form which progresses after birth. It
typically has an ‘onion whorl appearance’ (Fig. 9.6)

lll. Congenital nuclear cataracts

1. Cataracta centralis pulverulenta

Cataracta centralis pulverulenta is an 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.

2. 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

Fig. 9.6 Posterior polar cataract

with visual impairment. It accounts for about 50%

of the cases.

Etiology. It may be either genetic or environmental

in origin.

= Genetic pattern is usually of familial autosomal

dominant variety.

= Environmental form is associated with:

e vitamin D deficiency,

 hypocalcemia

« 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. 9.7).

=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.

= Occasionally two such rings of opacity are seen.

=It is usually bilateral and frequently causes severe

visual defects.

3. Sutural and axial cataracts

Sutural cataracts are comparatively of common

occurrence and consist of a series of punctate

Fig. 9.7 Lamellar cataract : A & B, diagrammatic 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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opacities scattered around the interior 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 pattern and thus are named accordingly
as under:

o Floriform cataract. Here the opacities are arranged
like the petals of a flower.

o Coralliform cataract also known as fusiform
spindle shaped axial cataract, is characterised by
an anterior posterior spindle- shaped opacity with
off shoots giving an appearance resembling a coral.

o Spear-shaped cataract. The lenticular opacities are
in the form of scattered heaps of shining crystalline
needles.

o Anterior axial embryonic cataract occurs as fine
dot near the anterior Y-suture of fetal nucleus
(Fig. 9.8).

o Dendritic sutural cataract occurs as fine dots along
the dendritic sutures.

4. Total nuclear cataract

Total nuclear cataract. It usually involves the

embryonic and fetal nucleus and sometimes infantile

nucleus as well. Itis characterized by a dense chalky
white central opacity seriously impairing vision. The
opacities are usually bilateral and non-progressive.

IV. Generalized cataracts

1. Coronary cataract

Coronary cataract (Fig. 9.9) 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

Fig. 9.8 Anterior axial embronic sutural cataract
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Fig. 9.9 Coronary cataract: A & B as seen by oblique
illumination and in optical section with the beam of the slit-lamp,
respectively, C, clinical photograph

usually unaffected. Sometimes the associated large
punctate opacities may marginally reduce the vision.

2. Blue dot cataract

It is also called cataracta-punctata-caerulea. Perhaps
this is the most common type of congenital cataract.
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. 9.10). In many cases there may be
hereditary character. Its other important cause is
maternal rubella.

Rubella Cataract

e Maternal Rubella infection acquired during first
trimester (second or third month) may cause
rubella cataract.

¢ Rubella cataract-typically, the child is born with a
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Fig. 9.10 Total congenital cataract

‘pearly white’ nuclear cataract. It is a progressive
type of cataract.

e Lens matter may remain soft or may even liquify
(congenital Morgagnian cataract).

o Cataractous nucleus may harbour the virus upto two
years of age. Therefore, removal of such a cataract is
usually followed by a severe inflammatory reaction
(uveitis or even endophthalmitis) probably due to
liberation of retained viruses.

Note. Congenital rubella can be prevented by

vaccination of the mother. Since, the rubella vaccine

is toxic to foetus, it must therefore, be administered
atleast three months before the pregnancy.

Rubella Syndrome. 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 chorioretinopathy, microphthalmos,
cloudy cornea and poorly dilating pupil.

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 misdiagnosed as having congenital

aphakia. This is associated with Hallermann-Streift-

Francois Syndrome.

I 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 306).

B 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:

e Density and morphology of cataract. Density is
indicated by quality of red reflex seen on distant
direct ophthalmoscopy before and after dilation
of pupil. Cataract morphology may suggest
underlying cause.

o 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.

e Associated ocular defects which need to be noted
include microphthalmos, glaucoma, PHPYV, foveal
hypoplasia, optic nerve hypoplasia, and rubella
retinopathy etc.

2. Laboratory investigations should be carried out

to detect following systemic associations in non-

hereditary 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 galacto kinase levels.
= Lowe’s syndrome by urine chromatography for
amino acids.

= Hyperglycemia by blood sugar level.

= Hypocalcemia by serum calcium and phosphate

levels and X-ray skull.

B. Prognostic factors

Prognostic factors which need to be noted are:
 Density of cataract,

e Unilateral or bilateral cataract,

o 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.



Chapter 9 Diseases of Lens

187

2. Bilateral dense cataracts should be removed early
(within 6 weeks of birth) to prevent stimulus
deprivation amblyopia. Second eye should be
operated within a few days of the first eye.

3. Unilateral dense cataract should preferably
be removed as early as possible (within days)
after birth with optical correction in the first
few weeks. 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 extra capsular
cataract extraction technique involving anterior
capsulorrhexis and irrigation aspiration of the lens
matter (lens aspiration) or lensectomy. Lens aspiration
can be performed either by manual SICS technique
or by phacoemucification technique. Lens aspiration
should be combined with primary posterior capsul-
otomy in children below 6 years of age and also with
anterior vitrectomy in all children below 2 years of age.
Surgical technique of these procedures is described
on page 206.

Note. The needling operation (which was performed
in the past) is now obsolete because of high rates of
complications.

E. Correction of paediatric aphakia

Itis still an unsolved query. Presently, common views

are as follows:

o Children above the age of 2 years can be corrected
by implantation of posterior chamber intraocular
lens during surgery.

o Children below the age of 2 years should preferably
be treated by extended wear contactlens. Spectacles
can be prescribed in bilateral cases. Later on
secondary IOL implantation may be considered.

Note. Present trend is to do primary implantation at
the earliest possible specially in unilateral cataract
i.e., in all cases, because most surgeons have reported
negative experiences in the compliance with glasses
and contact lenses.
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,
increased uveal reaction and long-term safety.
Present recommendations are:
e Size of IOL above the age of 2 years may be
standard 12 to 12.75 mm diameter for in the bag
implantation.

o Design of IOL of choice at present is foldable IOLs
made of hydrophobic acrylic material (e.g. Acrysof
IOL, Alcon Lab, USA). Previously one-piece PMMA
IOL with modified C-shaped haptics (preferably
heparin coated) were recommended. However,
PMMA IOLs are no more recommended because
of the disadvantages of a bigger incision. The
capsular and inflammatory responses remain a
problem in children.

e Power of IOL. Most surgeons target emmetropia
in older children (>8 years). In children between
2-8years of age 10% undercorrection and below 2
years an undercorrection by 20% is recommended
from the calculated biometric power to counter
the myopic shift.

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 of amblyopia (see page 342).

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. A few common
varieties of acquired cataract are described here.

I AGE-RELATED CATARACT

‘Age-related cataract’ also called as senile cataract is
the commonest type of acquired cataract affecting
equally persons of either sex usually above the age of
50 years. 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—
posterior subcapsular (PSC) cataract.

Itis 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%, nuclear 25% and
posterior subcapsular (cupuliform) 5%.

Etiology

Senile cataract is essentially an ageing process.
Though its precise etiopathogenesis is not clear, the
various factors implicated are as follows:
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A. Risk factors

Risk factors affecting age of onset, type and
maturation of senile cataract are as below:

1. Age. Age is the mostimportant risk factor, i.e., why
itis called age related cataract. As mentioned above
it usually occurs after the age of 50 years. When it
occur before 45 years of age, the term pre-senile
cataract is used. By the age of 70 years, over 90% of
the individuals develop senile cataract.

2. Sex. Without any doubt, the senile cataract affects
both males as well as females. However, in many
studies it is reported that prevalence of cataract is
greater in females than males at all ages.

3. Heredity. 1t plays a considerable role in the
incidence, age of onset and maturation of senile
cataract in different families.

4. Ultraviolet irradiations. More exposure to UV
irradiation from sunlight have been implicated for
early onset and maturation of senile cataract in many
epidemiological studies.

5. 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.

6. 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.

7.Smoking has also been reported to have some effect
on the age of onset of senile cataract. In numerous
studies worldwide smoking has consistently been
associated with an increase in the frequency of
nuclear cataract. Smoking causes accumulation
of pigmented molecules—3-hydroxykynurenine
and chromophores, which lead to yellowing.
Cyanates in smoke causes carbamylation and protein
denaturation.

B. Causes of pre-senile cataract

The term pre-senile 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.

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 pre-senile cataract. Christmas
tree cataract is typically seen in this condition.

4. Atopic dermatitis may be associated with

pre-senile cataract (atopic cataract) in 10% of the
cases.

C. Concept of syn- and co-cataractogenic factors

Ithasbeen conceptualised that cataract is the result of
multiple subthreshold cataractogenic stresses acting
in a concert. Age has been implicated as one of these
cataractogenic stresses and that superimposition of
other toxic stresses on the ageing lens may accelerate
the rate of cataract formation. Conversely, the
elimination of one or more cataractogenic stresses
may delay the cataract formation.

D. Mechanism of loss of transparency

It is basically different in nuclear and cortical senile
cataracts.

1. Cortical senile cataract. Its main biochemical
features are decreased levels in the crystalline lens of
total proteins, amino acids and potassium associated
with increased concentration of sodium and marked
hydration of the lens, followed by coagulation of lens
proteins. The probable course of events leading to
senile opacification of cortex is as shown in the Fig.
9.11.

2. Nuclear senile cataract. In this the usual
degenerative changes are intensification of the
age-related 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 amino acids in the lens.

With increasing age

(senility)
¥ ¥
Decreases in the function Reduced oxidative
of active transport pump reactions
mechanism of lens l

Decreased level of
amino acids

Reversal of
Na*/K* ratio

|

Hydration of lens
fibres

Decreased synthesis of
proteins in lens fibres

Denaturation of lens proteins

Opacification of cortical lens fibres

Fig. 9.11 Flow chart depicting probable course of events
involved in occurrence of cortical senile cataract
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Stages of Maturation

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.
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. 9.12). On distant direct
ophthalmoscopy, these opacities appear as dark lines
against the red fundal glow.

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
saucer-shaped opacity develops just below the
capsule 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
rightin the pathway of the axial rays and thus causes
an early loss of visual acuity.

L

Fig. 9.12 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

3. Immature senile cataract (ISC). In this stage,
opacification progresses further. The cuneiform (Fig.
9.12) 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. 9.13) 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. 9.14).
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 cortexliquefies

Fig. 9.13 Immature senile cortical cataract

Fig. 9.14 Mature senile cortical cataract
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Fig. 9.15 Morgagnian hypermature senile cataract: A,
diagrammatic depiction; B, clinical photograph

and the lens is converted into a bag of milky fluid.
The small brownish nucleus settles at the bottom,
altering its position with change in the position
of the head. Such a cataract is called Morgagnian
cataract (Fig. 9.15). Sometimes in this stage,
calcium deposits may also be seen on the lens
capsule.

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

Fig. 9.16 Early nuclear senile cataract

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).

Maturation of nuclear senile cataract

Progressive nuclear sclerotic process renders the
lens inelastic and hard, decreases its ability to
accommodate and obstructs the light rays. These
changes begin centrally (Fig. 9.16) and spread
slowly 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. 9.17).

Clinical features

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 disturbance with

Fig. 9.17 Nuclear cataract: A, Cataracta brunescens; B, Cataracta nigra; C Cataracta rubra
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the cataract is glare or intolerance of bright light;

such as direct sunlight or the headlights of 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.

. Deterioration of vision. Visual deterioration due

to senile cataract has some typical features. It is

painless and gradually progressive in nature.

o Patients with central opacities (e.g., cupuliform
cataract i.e. posterior subcapsular cataract) have
early loss of vision. These patients see better
when pupil is dilated due to dim light in the
evening (day blindness).

o In patients with peripheral opacities (e.g.,
cuneiform cataract) visual loss is delayed and
the vision improves in bright light when pupil
is contracted.

o 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 light rays remains in the stage
of mature cataract.

Signs. Following examination should be carried
out to look for different signs of cataract shown in
Table 9.1:

1. Visual acuity testing. Depending upon thelocation
and maturation of cataract, the visual acuity may
range from 6/9 to just PL + (Table 9.1).

2. Oblique illumination examination. It reveals
colour of the lens in papillary area which varies
in different types of cataracts (Table 9.1).

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 pupillary margin (Fig. 9.18). When lens is
completely transparent or opaque, no iris shadow
isformed. Hence, presence of iris shadow is a sign
of immature cataract.

4. Distant direct ophthalmoscopic examination (for
procedure see page 586). 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 9.1).

Table 9.1 Signs of senile cataract

cxamination | Nuclearcataract |15 Wsc______|Hmscw__| AwScio

1. Visual acuity 6/9 to PL+ 6/9 to CF+ HM+ to PL+ PL+
2. Colour of lens Grey, amber, Greyish white Pearly white with  Milky white Dirty white with
brown, black or sinking brownish hyper white spots
red nucleus
3. Iris shadow Not seen Seen Not seen Not seen Not seen
4. Distant direct Central dark Multiple dark No red glow No red glow No red glow
ophthalmoscopy area against red areas againstred but white pupil milky white dirty white pupil
with dilated fundal glow fundal glow due to complete  pupil
pupil cataract
5. Slit-lamp Nuclear opacity Areas of normal ~ Complete cortex  Milky white Shrunken
examination clear cortex with cataractous is cataractous cortex with cataractous lens
cortex sunken brown-  with thickened
ish nucleus 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, CF: Counting finger
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Fig. 9.18 Diagrammatic depiction of iris shadow in:
immature cataract (A) and no iris shadow in mature
cataract (B)

)

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 9.2 and Fig. 9.19.

Differential diagnosis

1. Immature senile cataract (ISC) can be differentiated
from the nuclear sclerosis without any cataract as
shown in Table 9.3.

2. Mature senile cataract can be differentiated
from retrolental causes of white pupillary reflex
(leukocoria) as shown in Table 9.4.

Complications
1. Phacoanaphylactic uveitis. Lens proteins may
leak into the anterior chamber in hypermature

Table 9.2 Grading of nucleus hardness on
slit-lamp biomicroscopy

Grade of Description of Colour of
hardness hardness nucleus

Grade | Soft White or
greenish yellow
Gradelll Soft-medium Yellowish
Grade lll Medium-hard Amber
Grade IV Hard Brownish
Grade V Ultrahard Blackish
(rock hard)

Grade 3

Grade 4

Fig. 9.19 Slit-lamp biomicroscopic grading of nucleus
hardness in cataractous lens

Table 9.3 Immature senile cataract versus
nuclear sclerosis

. Painless progressive loss 1. Painless progressive loss
of vision of vision

2. Greyish colour of lens 2. Greyish colour of lens
on oblique illumination
examination

3. Iris shadow is present

4. Black spots against

red glow are observed

on distant direct

ophthalmoscopy

—

3. Iris shadow is absent

4. No black spots are seen
against red glow

. Slit-lamp examination

reveals area of
cataractous cortex

5. Slit-lamp examination
reveals clear lens with
nuclear sclerosis

6. Visual acuity does not
improve on pin-hole
testing

6. Visual acuity usually
improves on pin-hole
testing

cataract. These proteins may act as antigen and

induce antigen-antibody reaction leading to

phacoanaphylactic uveitis.

2. Lens-induced glaucoma. It may occur by different

mechanisms:

i. Phacomorphic glaucomais caused by intumescent
(swollen and cataractous) lens. It is a type of
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Table 9.4 Differences between mature senile cataract
and leukocoria due to retrolental causes

Leukocoria (due to
retrolental causes)

1. White reflex in pupillary
area

MsC

1. White reflex in pupillary
area

2. Size of pupil usually
normal

2. Pupil usually semidilated

3. Fourth Purkinje image is
absent

3. Fourth Purkinje image is
present

4. Slit-lamp examination
shows transparent lens
with white reflex behind
the lens

4. Slit-lamp examination
shows cataractous lens

5. Ultrasonography reveals
opacity in the vitreous
cavity

5. Ultrasonography normal

secondary angle closure glaucoma. It is the most
common type of lens induced glaucoma.

ii. Phacolytic glaucoma.Lens proteins are leaked into
the anterior chamber in cases with Morgagnian
type hypermature cataract. These proteins are
engulfed by the macrophages. The swollen
macrophages clog the trabecular meshwork
leading to increase in IOP. Thus, the phacolytic
glaucoma is a type of secondary open angle
glaucoma (for details see page 248).

iii. Phacotopic glaucoma. Hypermature cataractous
lens may subluxate/dislocate and cause glaucoma
by blocking the pupil or angle of anterior chamber.

3. Subluxation or dislocation of lens. It may occur due
to degeneration of zonules in hypermature stage.

B TRAUMATIC CATARACT
See page 430.

B 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. The classical diabetic
cataract is also called ‘snowflake cataract’ or
‘snowstorm cataract’. It is a rare condition, usually
occurring in young adults due to osmotic over
hydration of the lens. Osmotic over hydration of the
lens occurs due to accumulation of sorbitol, when
glucose is metabolized by NADPH+ dependent

e -‘._‘W - -

Fig. 9.20 Snow-flake (diabetic) cataract

aldose reductase. 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 (Fig. 9.20). Such opacities may
resolve spontaneously or mature within a few days.

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).

Characteristic 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.

Hypocalcaemic (Tetanic) cataract

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.

= Zonular cataract, characterized by a thin opacified
lamella deep in the infantile cortex is typically seen
in infants with hypocalcemia.

Cataract due to error of copper metabolism
Inborn error of copper metabolism results in Wilson’s
disease (hepatolenticular degeneration).
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Fig. 9.21 Sunflower cataract

= ‘Sunflower cataract’ characterised by yellowish
brown dots (Fig. 9.21) may be observed rarely in
such patients due to the deposition of cuprous oxide
in the anterior lens capsule and subcapsular cortex
in a stellate pattern.

= ‘Kayser-Fleischer ring’ (KF ring) i.e., a golden ring
due to deposition of copper in the peripheral part
of Descemet’s membrane in the cornea, is a more
commonly observed ocular feature of Wilson’s
disease.

Cataract in Lowe’s syndrome

Lowe’s (Oculo-cerebral-renal) syndrome is a rare

inborn error of amino acid metabolism.

e Ocular features include congenital cataract,
glaucoma and blue sclera.

o Systemic features of this syndrome are mental
retardation, dwarfism, osteomalacia, muscular
hypotonia and frontal prominence.

I 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. On the other hand, 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 in general.

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. Anterior uveitis is the most
common cause of complicated cataract.

2. Degenerativeconditionssuch asretinitis pigmentosa
and other pigmentary retinal dystrophies and
myopic chorioretinal degeneration.

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

subcapsular cortical cataract (PSC). The opacity is

irregular in outline and variable in density. In the
beam of slit-lamp the opacities have:

e ‘Breadcrumb’ appearance.

e ‘Polychromatic luster’i.e., appearance of iridescent
coloured particles of reds, greens and blue is a very
characteristic sign (Rainbow cataract).

e 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
dirty white (Fig. 9.22) or chalky white appearance.

e Deposition of calciumis common in the later stages.

Drug-induced cataracts

Corticosteroid-induced cataract
Posterior subcapsular opacities are associated
with the use of topical as well as systemic steroids.

Fig. 9.22 Complicated cataract with healed iridocyclitis
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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 drug-induced cataracts

Other drugs associated with fine toxic cataracts are
amiodarone, chlorpromazine, busulphan, gold and
allopurinol.

I 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 ‘glass-
worker’s cataract.

2. Irradiation cataract

Exposure to X-rays, y-rays or neutrons may be
associated with irradiation cataract. There is usually
alatent 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
Long-term exposure to ultraviolet radiation has been
linked with senile cataract in many studies.

B ELECTRIC CATARACT
Itis 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.

I 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 cataractinclude
poikiloderma, vasculare atrophicus, scleroderma
and keratotis follicularis.

MANAGEMENT OF CATARACT IN ADULTS

Treatment of cataract essentially consists of its
surgical removal. However, certain nonsurgical
measures may be of help, in peculiar circumstances,
till surgery is taken up.

I 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:

e Adequate control of diabetes mellitus, when
discovered.

e Removal of cataractogenic drugs such as
corticosteroids, phenothiazenes and strong
miotics, may delay or prevent cataractogenesis.

e Removal of irradiation (infrared or X-rays) may
also delay or prevent cataract formation.

e Early and adequate treatment of ocular diseases
like uveitis may prevent occurrence of complicated
cataract.

2. Measures to delay progression include:

e Topical 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.

o However, till date no conclusive results about their
role are available.

e 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:

« Prescription of glasses refractive status, which
often changes with considerable rapidity in
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patients with cataract, should be corrected at
frequent intervals.

o 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.

e Use of dark goggles in patients with central
opacities is of great value and comfort when worn
outdoors.

o Mydriatics. Patients with a small axial cataract,
frequently may benefit from papillary dilatation.
This allows the clear paraxial lens to participate in
light transmission, image formation and focussing.
Mydriatics such as 5% phenylephrine or 1%
tropicamide; 1 drop b.i.d. in the affected eye may
clarify vision.

M 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 lifestyle and

profession.

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 in the presence of:

e Lens-induced glaucoma,

o Phacoanaphylactic endophthalmitis and

e 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 due to

associated retinal or optic nerve disease), in order

to obtain a black pupil.

Preoperative evaluation and workup

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 systemic diseases especially:
diabetes mellitus;

o Hypertension

o Cardiac problems

Obstructive lung disorders and

o Any potential source of infection in the body such
as septic gums, urinary tract infection etc.

IL. 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:

1. Visual status assessment should include:

= Visual acuity should be noted unaided, best

corrected and with pin hole testing.

= Perception of light (PL) must be noted. Absence of

PL indicates nil visual prognosis.

= Projection of light 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. Inaccurate PR may

be due to old retinal detachment, visual pathway

defects, advanced glaucoma, large area of chorio-

retinal atrophy and indicates poor visual prognosis.

However, sometimes in dense cataract PR may be

inaccurate with good visual prognosis.

= Potential visual acuity tests which may be required

in the presence of opaque media include:

e Laser interferometry (LI), and

o Potential acuity meter (PAM) test.

2. Pupils should be examined to check for:

= Light reactions and RAPD, and

= Ability of the pupils to dilate adequately before

surgery .

3. Anterior segment evaluation by slit-lamp

biomicroscopy is must before cataract surgery.

= Cornea should be examined to note any scarring,

endothelial status (guttata). In patients with suspicion

of endothelial dystrophy, specular microscopy

examination should be carried out for endothelial

cell count and morphology. Normal cell count in

elderly patients is 2000-2500 cell/mm?. Special care

is needed in patients with cell counts below 1500

cells/mm?®.

= Keratic precipitates (KPs) noted at the back of

cornea suggest management of subtle uveitis before

the cataract surgery.

=Cataractous lens should be evaluated for

morphology and maturity of cataract and for grade of

nuclear sclerosis (especially important for planning

phacoemulsification surgery, See page 192)
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= Other signs to be particularly looked for include
posterior synechiae, pseudoexfoliation, iridodonosis,
pigments over the anterior lens capsule, and anterior
chamber depth.

4. Intraocular pressure (I0P) should be measured
in each case, preferably by applanation tonometry.
Presence of a raised IOP needs a priority mana-
gement.

5. Examination of lids, conjunctiva and lacrimal
apparatus. Search for local source of infection should
be made by ruling out conjunctival infections,
meibomitis, blepharitis and lacrimal sac infection.
Conjunctival swab culture and sensitivity should
be carried out in doubtful cases. Lacrimal sac
should receive special attention. Lacrimal syringing
should be carried out orderly in patients with
history of persistent 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.

6. Fundus examination, wherever possible, should
be carried out with special attention on macula, to
rule out other causes of decreased vision. Indirect
ophthalmoscopy may be useful in hazy media.

7. Macular function tests are important to predict the
visual potential in patients with very dense cataracts
where fundus examination is not possible a few
simple macular functions tests are as below:

= Two-light discrimination test. 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.

= 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.

= Colour perception. It indicates that some macular
function is present and optic nerve is relatively
normal.

= 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. Objective test 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);

9. Keratometry and biometry to calculate power of
intraocular lens (IOL) to be implanted are performed
in each case to be taken up for cataract surgery (For
details see page 209).

Preoperative medications and preparations

1. Consent, with detailed information about the

procedure, risks involved and outcome expected,

should be obtained from each patient.

2. Scrub bath, care of hair and marking of the eye. 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

propetly. The eye to be operated should be marked.

3. Preoperative antibiotics and disinfectants are

required to prevent postoperative endophthalmitis:

o Topical antibiotics such as fourth generation
fluoroquinolone (0.3% moxifloxacin or 0.3%
gatifloxacin) may be used QID for 3 days before
surgery and every 15 minutes for 2 hours before
surgery to eradicate conjunctival bacterial flora.

e Povidone-lodine (10%) solution should be used to
paint the lids and facial skin preferably 2-3 hours
before surgery.

e Povidone-Iodine (5%) solution as a single drop
10-30 minutes before surgery is one of the most
effective measure to decrease the bacterial flora.

4. I0P loweringis must for conventional extracapsular
cataract extraction (ECCE). A few surgeons also
prefer to lower IOP in manual small incision cataract
surgery (SICS) and phacoemulsification. It can
be accomplished by mechanical pressure (digital
massage or Honan balloon) and/or by IOP lowering
drugs (IV. mannitol or acetazolamide).

5. Mydriasis, sustained through out the procedure is

required for successful completion of surgery. It can

be obtained by:

e Topical tropicamide 1% (or cyclopentolate)+
Phenylephrine 2.5% should be instilled every 15
minutes 4-6 times before surgery.

e Topical cyclooxygenase inhibitor e.g. flurbiprofen
0.3% or, ketorolac 0.5%, or diclofenac 0.1% instilled 3
times a day before the surgery and every 15 minutes,
4 times immediately before the surgery helps in
maintaining mydriasis during the procedure.

Anaesthesia
Cataract extraction can be performed under general
or local anaesthesia. Local anaesthesia is preferred
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whenever possible. Many surgeons prefer only topical
anaesthesia for phacoemulsification (for details of
anesthesia for cataract surgery see page 591).

Types and choice of surgical techniques

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.
Indications. ICCE has stood the test of time and had
been widely employed for about 100 years over
the world (1880-1980). Now (for the last 35 years)
it has been almost entirely replaced by planned
extracapsular techniques.

At present the only indication of ICCE is markedly
subluxated and dislocated lens.

Il. Extracapsular cataract extraction techniques

In these techniques, major portion of anterior

capsule with epithelium, nucleus and cortex are

removed; leaving behind the intact posterior capsule.

Indications. Presently, extracapsular cataract

extraction techniques are the surgery of choice for

almost all types of adulthood as well as childhood
cataracts unless contraindicated.

Contraindications. The only absolute contraindication

for ECCE is markedly subluxated or dislocated lens.

Advantages of ECCE techniques over ICCE include:

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 [CCE.

5. Postoperative astigmatism is less with ECCE
techniques, as the incision is smaller.

6. Prognosis for subsequent glaucoma filtering or
corneal transplantation (if required) is much
improved with ECCE.

7. Incidence of secondary rubeosis in diabetics is
reduced after ECCE.

Different techniques of extracapsular cataract

extraction

The surgical techniques of ECCE presently in vogue are:

« Conventional extracapsular cataract extraction
(ECCE),

o Manual small incision cataract surgery (SICS),
o Phacoemulsification.

Conventional ECCE versus SICS

Conventional large incision ECCE, though still being
performed by some surgeons, has been largely
replaced by small incision cataract surgery (SICS)
and phacoemulsification 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.

Demerits of conventional ECCE over SICS include:

e Longincision (10 to 12 mm).

o Multiple sutures are required.

e Open chamber surgery with high risk of vitreous
prolapse, operative hard eye and expulsive
choroidal haemorrhage.

« High incidence of postoperative astigmatism.

e Postoperative suture-related problems like
irritation and suture abscess etc.

o Postoperative wound-related problems such as
wound leak, shallowing of anterior chamber and
iris prolapse.

e 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 complic-
ation like nuclear drop into vitreous cavity is
much less than phacoemulsification technique.

5. Operating timein 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 isnoneed to spend on consumable
items like the phacotip, sleeves, tubing and probe.
Further, in SICS nonfoldable (PMMA) IOLs are
used which are much cheaper than the foldable
IOLs.

Demerits of manual SICS over phacoemulsification
1. Conjunctival congestion persists for 5-7 days at
the site of conjunctival flap.
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2. Mild tenderness sometime may be present owing
to scleral incision.

3. Postoperative hyphema 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).

5. Delayed visual rehabilitation as compared to
phacoemulsification.

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 phacoe-
mulsification 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 rehabilitation is comparatively 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 phacoem-
ulsification 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. In spite 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.

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
here as amark of respect to the technique which has
been widely employed for about 100 years over the
world and is an important landmark in the history
of cataract surgery.

Surgical steps of the ICCE technique are as follows:
1. Superior rectus (bridle) sutureis passed to fix the eye
in downward gaze (Fig. 9.23A).

2. Conjunctival flap (fornix based) is prepared to
expose the limbus (Fig. 9.23B) 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 (150°) with the help of a razor
blade knife (Fig. 9.23C).

4. Corneoscleral section. The anterior chamber
is opened with the razor blade knife or with 3.2
mm keratome and section is completed using
sclerocorneal scissors (Fig. 9.23D).

5. Iridectomy (Fig. 9.23E). 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. Smith Indian 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
cataracts. The surgical techniques of ECCE presently
up, lens surface is dried with a swab, iris is in vogue
for adulthood cataracts include: retracted up and tip
ofthe cryoprobe is applied on the anterior surface of
the lens in the upper quadrant. Freezing is activated
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Fig. 9.23 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

(-40°C) 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. 9.23F).

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
caughtat 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
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the help of iris repositor and chamber is formed by
injecting sterile air or balanced salt solution.

8. Implantation of anterior chamber (ACIOL) (see Figs.
9.23 G and H). (For details see page 210).

9. Closure of incision is done with 5 to 7 interrupted
sutures (8-0, 9-0 or 10-0 nylon) (Fig. 9.231I).

10. Conjunctival flap is reposited and secured by wet-
field cautery.

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:

o Conventional, extracapsular cataract extraction

(ECCE),

o Manual small incision cataract surgery (SICS), and
o Phacoemulsification.

B 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. 9.23A).

2. Conjunctival flap (fornix based) is prepared to
expose the limbus (Fig. 9.23B) 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 (120°) with the help of a razor blade
knife (Fig. 9.23C).

4. Entry into anterior chamber. The anterior chamber
is entered 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
(For details see page 458).

6. Anterior capsulotomy. It can be performed by any
of the following methods:

i. Can-opener’s technique. In this an irrigating
cystitome (or simply a 26 gauge needle, bent at its tip)

isintroduced into the anterior chamber and multiple

small radial cuts are made in the anterior capsule for

360° (Fig. 9.24A).

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. 9.26B).

7. Removal of anterior capsule. It is removed with the

help of a Kelman-McPherson forceps (Fig. 9.24B).

8. Completion of corneoscleral section. It is completed

from 10 to 2 O’clock position either with the help of

corneoscleral section enlarging scissors or 5.2 mm

blunt keratome (Fig. 9.24C).

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 counterpressure 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 counterpressure
exerted at 6 O’clock position with alens hook (Fig.
9.24D).

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. 9.24E).

12. Implantation of IOL. The PMMA posterior

chamber IOL is implanted in the capsular bag after

inflating the bag with viscoelastic substance (Figs.

9.24 G and H).

13. Closure of the incision is done by a total of 3 to 5

interrupted or continuous 10-0 nylon sutures (Fig.

9.241).

14. Removal of viscoelastic substance. Before tying the

last suture the viscoelastic material is aspirated out

with 2 way cannula and anterior chamber is filled
with BSS.
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Fig. 9.24 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

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.

B MANUAL SMALL INCISION CATARACT
SURGERY

Manual small incision cataract surgery (SICS) has
become very popular because of its merits over

conventional ECCE as well as phacoemulsification
technique highlighted earlier (see pages 198-199).
In this technique ECCE with intraocular lens
implantation is performed through a sutureless
self-sealing valvular sclerocorneal tunnel
incision.

Surgical steps of manual SICS

1. Superior rectus (bridle) suture is passed to fix the
eye in downward gaze (Fig. 9.25A). This is specifically
important in manual SICS where in addition to
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fixation of globe, it also provides a countertraction
force during delivery of nucleus and epinucleus.
Note. SICS can also be performed from temporal
side, especially in patients with against the rule
(ATR) astigmatism. In this situation, bridle suture is
passed through the lateral rectus muscle and all the
next steps are performed on the temporal quadrant.
2. Conjunctival flap and exposure of sclera (Fig. 9.25B).
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, separated from the
underlying sclera and retracted to expose about 4
mm strip of sclera along the entire incision length.
3. Haemostasisis achieved by applying gentle and just
adequate wet field cautery.

4. Sclerocorneal tunnel incision. A self-sealing
sclerocorneal tunnel incision is made in manual
SICS. It consists of following components:

i. External scleral incision. A one-third to half-
thickness external scleral groove is made about 1.5
to 2 mm 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 (Fig. 9.25C).

ii. Sclerocorneal tunnel. 1t is made with the help of a
crescent knife. It usually extends 1-1.5 mm into the
clear cornea (Fig. 9.25D).

iii. Internal corneal incision. It is made with the help
of a sharp 3.2 mm angled keratome (Fig. 9.25E).

5. Side-port entry of about 1.5 mm valvular corneal
incision is made at 9 O'clock position (Fig. 9.25F). This
helps in aspiration of the subincisional 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. 9.25G).

7. Hydrodissection. As described in ECCE hydro-
dissection (Fig. 9.25H) 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. 9.251).

ii. Delivery of the nucleus outside through the
corneoscleral tunnel can be done by any one of the
following methods:

« Irrigating wire vectis method (Fig. 9.25])

e Blumenthal’s technique,

o Phacosandwitch technique,

e Phacofracture technique, and

 Fishhook technique.

9. Aspiration of cortex. The remaining cortex is
aspirated out using a two-way irrigation and
aspiration cannula (Fig. 9.25K) 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. 9.25L, M and N).
11. Removal of viscoelastic material is done thoroughly
from the anterior chamber and capsular bag with
the help of two-way irrigation aspiration cannula.
Excessive left out viscoelastic material may cause
secondary glaucoma.

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 sclerocorneal 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. 9.250).

B PHACOEMULSIFICATION

Extracapsular cataract extraction by phaco-
emulsification along with foldable posterior
chamber intraocular lens implantation in the bag
is the procedure of choice for cataract surgery.
Phacoemulsification, differs from the conventional
ECCE and manual SICS as follows:

1. Clear corneal incision required is very small
(3mm). Therefore, sutureless surgery is possible with
self-sealing sclera corneal tunnel or clear corneal
incision made with a 3 mm keratome (Fig. 9.26A).
2. Continuous curvilinear capsulorrhexis (CCC) of
4-6 mm is preferred over other methods of anterior
capsulotomy (Fig. 9.26B).

3. Hydrodissection i.e., separation of capsule from
the cortex by injecting fluid exactly between the
two (Fig. 9.26C) is must for phacoemulsification
and SICS. This procedure facilitates nucleus rotation
and manipulation during phacoemulsification.
Some surgeons also perform hydrodelineation (Fig.
9.26D).

4. Nucleus is emulsified and aspirated by phaco-
emulsifier. 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
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Fig. 9.25 Surgical steps of manual small incision cataract surgery (SICS): A, superior rectus
bridle suture: B, conjunctival flap and exposure of sclera; C, external scleral incisions (straight,
frown shaped, and chevron, respectively) part of tunnel incision; D, sclerocorneal tunnel with
crescent knife; E, internal corneal incision; F, side port entry; G, large CCC; H, hydrodissection;
I, prolapse of nucleus into anterior chamber; J, nucleus delivery with irrigating wire vectis; K,
aspiration of cortex; L, insertion of inferior haptic of posterior chamber IOL; M, insertion of
superior haptic of PCIOL; N, dialing of the IOL; O, reposition and anchoring of conjunctival flap
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are being used to accomplish nucleotomy. A few
common names are:

 Chip and flip technique,

o Divide and conquer technique (Figs. 9.26E and F),
 Stop and chop technique, and

 Direct Phaco chop technique.

5. Remaining cortical lens matter is aspirated with
the help of an irrigation-aspiration technique (Fig.
9.26G).

6. IOL implantation. Foldable IOL implantation with
the help of an injector (Fig. 9.26H) is most ideal
with phacoemulsification technique (see page 210).
However, phacoprofile (5.25 optic size) rigid (PMMA)
IOL can also be implanted after enlarging the incision.
7. Next stepsi.e., removal of viscoelastic substance and
wound closure are similar to that of SICS.

Microincision cataract surgery

Microincision cataract surgery (MICS) refers to
the phacoemulsification techniques which can
be performed through a microincision (<2 mm).
These techniques offer almost no surgically induced
astigmatism. Various MICS techniques have been
developed. A few to mention are:

1. Microincision coaxial phacoemulsification (CO-
MICS) performed through stab 2 mm incision with
a dedicated phacomachine is essentially similar to
standard coaxial phacoemulsification performed
through 3 mm incision.

2. Bimanual microphacoemulsification (BMICS) in
essence uses separate hand piece for irrigation and
phacoemulsification aspiration. The technique
requires two limbal incisions of 1.2 x 1.4 mm made
with a trapezoidal blade.

3. Phaconit is the term used by Prof. Amar Agarwal
from India for the Bimanual Micro Phaco done with
a Needle Incision Technique through an incision
<1 mm in size.

Femtosecond laser assisted cataract surgery
Femtosecond laser assisted cataract surgery (FLACS),
is the best available procedure presently, FLACS is
basically a microincision cataract surgery (MICS)
or microphaco in which femtosecond laser (FSL) is
used to perform certain steps:

Surgical steps with femtosecond laser are as below:

e Capsulorrhexis performend with FSL is more
precise, accurate, controlled and centralised.

o Lens fragmentation with FSL allows reduction
in phaco energy and intracameral manipulation
resulting in improved safety and decreased
complications.

o Clear corneal incision fashioned with FSL offers the
advantages of decreased leakage and added stability.

e Arcuate corneal incisions are created to tackle any
co-existing astigmatism.

e Post femtosecond laser surgical steps. Patient
is shifted under an operating microscope and
following steps are performed:

Fig. 9.26 Surgical steps of phacoemulsification: A, clear corneal incision; B, continuous curvilinear capsulorrhexis;
C, hydrodissection; D, hydrodelineation; E & F, nucleus emulsification by divide and conquer technique (four quadrant
cracking); G, aspiration of cortex; H, implantation of foldable IOL with injector system
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- Corneal incisions are opened up with fine iris
repositor.

- Anterior chamber is filled with viscoelastic
material.

- Capsulorrhexis flap is removed.

- Lens fragments are phacoaspirated, and

- Foldable IOL is implanted and in the capsular
bag the procedure is completed.

SURGICAL TECHNIQUES OF
EXTRACAPSULAR CATARACT
EXTRACTION FOR CHILDHOOD
CATARACT

Surgical techniques employed for childhood cataract
are essentially of two types:

o Irrigation and aspiration of lens matter, and

o Lensectomy

I 1.IRRIGATION AND ASPIRATION OF LENS

MATTER
Irrigation and aspiration of lens matter is preferably
done by corneoscleral tunnel techniques which
include:

e Manual irrigation-aspiration technique, and
o Phaco-aspiration technique.

The corneoscleral tunnel incision techniques
(closed chamber surgery) as described for
phacoemulsification is preferred over the conventional
ECCE technique (open chamber surgery).

Surgical steps of irrigation and aspiration of lens

matter by corneoscleral 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 except
that size of the tunnel incision is 3-4 mm (page 203,
Figs. 9.25A to F).
6. Anterior capsulorrhexis of about 5 mm size is made
as described on page 201 (Fig. 9.26A). In children the
anterior capsule is more elastic than in adults and
therefore, the capsulorrhexis may be difficult due to
tendency to run outwards.
7. Hydrodissection is performed to separate the
capsule from the cortex by injecting fluid. (Fig. 9.26C).
8. Irrigation and aspiration of lens matter (which is
soft in children) can be done by any of the following
methods:
o Manually with a two-way irrigation and aspiration
Simcoe cannula (Fig. 9.25K) or,
« With a phacoprobe (phaco-aspiration) (Fig. 9.26G).
9. Posterior capsulorrhexis of about 3-4 mm size is
recommended in younger children to avoid the
problem of posterior capsule opacification.

10. Anterior vitrectomy of limited amount should be
performed with a vitrector in very young children.
11. Implantation of IOL is done in the capsular bag after
inflating it with viscoelastic substance (Fig. 9.26H).
Foldable acrylic IOLs are preferred in children. It has
been postulated that acrylic IOLs induce less cellular
reaction and are more adhesive to the capsular bag
than PMMA IOLs. Some surgeons prefer to capture the
lens optic through posterior capsulorrhexis.

Note. Steps 9, 10 and 11 (the lens material choice and
optic capture as described in step 11) are measures
to prevent formation of after cataract, the incidence
of which is very high in children.

12. Removal of viscoelastic material is done with the
help of two-way cannula or irrigation—aspiration
probe of phaco machine.

13. Intracameral antibiotics (preservative free
moxifloxacin or vancomycin) use is reported to
decrease post-operative bacterial endophthalmitis.
14. Wound closure. Though a well constructed
corneoscleral tunnel often does not require a suture
in adults. However, it is mandatory to close the wound
in children to ensure wound stability and reduce
postoperative astigmatism. The absorbable suture
(10-0 vicryl) is adequate for closure of the wound
keeping in mind the rapid healing characteristic and
difficulty of removing sutures in children.

[l 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
(Fig. 9.27). Childhood cataracts, both congenital/
developmental and acquired, being soft can be 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. 9.28) 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.
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Fig. 9.27 Vitrectomy probe

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
38).

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.

Types of Intraocular Lenses

During the last two decades a large number of
different types and styles of lenses have been
developed.

A. Based on the method of fixation in the eye, the major
classes of IOLs are as follows:

B

Fig. 9.28 Pars plana lensectomy

1. Anterior chamber IOL (Angle supported IOLs).
These are not very popular due to comparatively
higher incidence of bullous keratopathy. When
indicated, ‘Kelman multiflex’ (Fig. 9.29A) type of
ACIOL is used commonly. These lenses lie entirely
in front of the iris and are supported in the angle of
anterior chamber (Fig. 9.30). ACIOL can be inserted
after ICCE or ECCE. Presently, AC-IOLs are used
only in those cases where it is not possible to use
the PC-IOL.

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 high
incidence of postoperative complications. Example
of iris supported lens is Singh and Worst’s iris claw
lens (Figs. 9.29B and 9.31).

3. Posterior chamber lenses. PCIOLs rest entirely
behind the iris (Fig. 9.32). They may be supported
and fixed as below:

C

Fig. 9.29 A, Anterior chamber IOL (Kelman muiltiflex); B, Singh and Worst’s
iris claw lens; C, Posterior chamber IOL (modified C loop type); D, Posterior
chamber IOL (four loop type)
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Fig. 9.30 Pseudophakia with Kelman multiflex anterior
chamber intraocular lens implant

a. In the capsular bag fixation of PCIOL is the most

ideal method. Commonly used models of PC-IOLs

are modified C loop (Fig. 9.29C) and quadri loop

(Fig. 9.29D).

b. In the ciliary sulcus fixation of PC-IOL is done in

the absence of intact capsular bag but with adequate

capsular support.

c. Scleral fixation of PC-IOL is done in the absence

of capsular support. Broadly there are two types of

techniques for scleral fixation of PC-IOL:

¢ Trans-scleral suture fixation of PC-IOL, and

o Trans-scleral sutureless fixation of PC-IOL (glued
IOL).

d. Retro-iris fixation is the technique of implanting

iris claw lens in the posterior chamber.

B. Depending on the material of manufacturing, three

types of PCIOLs are available:

1. Rigid IOLs. The modern one piece rigid IOLs are
made entirely from PMMA.

Fig. 9.31 Pseudophakia with iris claw
intraocular lens implant

2. Foldable IOLs, to be implanted through a small
incision (3.2 mm) after phacoemulsification are
made of silicone, acrylic, hydrogel and collamer.
Thinner foldable IOLs can be implanted through
2-2.2 mm incision. Foldable IOLs are implanted
with the help of an IOL injector (Fig. 9.26H)

3. Rollable IOLs are ultra-thin IOLs. These
are implanted through 1 mm incision after
microincision catarat surgery (MICS) technique.
These are made of hydrogel.

C. Based on the focussing ability the IOLs are of following

types:

1. Unifocal IOLs are the most commonly used ones
having unifocal power (Fig. 9.33A). Depending
upon the power of IOLs implanted, these
can make the patient emmetropic, myopic or
hypermetropic.

2. Multifocal IOLs have separate optics to focus for
distance and near, so also known as simultaneous

Fig. 9.32 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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vision lenses. These are of 2 types, either refractive
or diffractive optics types (Fig. 9.33B). These are
also called pseudoaccommodative IOLs.

3. Accommodative IOLs exhibit some anterior
movement of optic to improve the near vision.
Available models of accommodative IOLs are:

o Crystalens which is based on optic shift
principle (Fig. 9.33C), and

o Synchrony lens which is based on dual optic
mechanism.

D. Aphakic versus phakic refractive IOLs. In addition
to the aphakic IOLs which are implanted after lens
extraction, special phakic IOLs have been developed
to correct the refractive errors. These are also called
implantable collamer lenses (ICLs) and are of three
types (For details see page 54).

E. Special function IOLs. These are developed
to provide some special function in addition to
correcting aphakia. Examples are:

1. Toric IOLs. These are designed to correct the
associated astigmatism (Fig. 9.34A).

2. Aspheric IOLs. These have been designed to
reduce spherical abberations.

3. Aniridia IOLs. These lenses are devised to
cosmetically cover the defects of aniridia or
partialiris loss in cases like trauma. In these lenses
around the central optical part, there is a black
diaphragm (Fig. 9.34B).

Indications of IOL implantation

Recent trend is to implant an IOL in each and
every case being operated for cataract; unless it is
contraindicated.

Calculation of IOL power (Biometry)

The most common method of determining IOL

power uses a regression formula called ‘SRK

(Sanders, Retzlaff and Kraff) formula. The formulais:

P =A—2.5L-0.9K, where:

P is the power of IOL,

« Aisa constant which is specific for each lens type.

o Listhe axial length of the eyeball in mm, which is
determined by A-scan ultrasonography.

« Kisaverage corneal curvature, which is determined
by keratometry.

Equipment for biometry

1. A-scan ultrasonic biometer. The ultrasound machine
equipped with A-scan and IOL power calculation
software is called ‘Biometer!

2. Optical biometers are non-contact optical devices
based on the principle of partial coherence

Distance vision

Distance vision in for night driving

moderate to low
light conditions

Distance vision
for daytime
driving

Near vision for
full range of —»
light conditions

Near vision

for moderate

to low light

conditions
Zone transitions
provide intermediate
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Fig. 9.33 Types of IOLs based on focusing mechanism:
A, Unifocal; B, Multifocal;, C, Accommodative (crystalens)

interferometry (PCI). These are quick and more
accurate devices. Commercially available optical
biometers are:

e IOL Master Tm (Zeiss Humphrey system) and

o Lenstar.



210

Section I  Diseases of Eye

Fig. 9.34 Special function IOLs: A, Toric IOL; B, Aniridia IOL

Primary versus secondary IOL implantation
PrimaryIOLimplantation refers to the use of IOL during
surgery for cataract, while secondary IOL is implanted
to correct aphakia in a previously operated eye.

Surgical technique of anterior chamber IOL

implantation

Anterior chamber IOL implantation can be carried

out after ICCE and after large posterior capsular rents

with ECCE techniques.

o After completion of lens extraction, the pupil is
constricted by injecting miotics (1% acetylcholine
or pilocarpine without preservatives) into the
anterior chamber.

o Anterior chamber is filled with 2% methylcellulose
or 1% sodium hyaluronate (Healon).

o The IOL, held by a forceps, is gently slid into the
anterior chamber. Interior haptic is pushed in
the inferior angle at 6 O’clock position and upper
haptic is pushed to engage in the upper angle (Figs
9.23G and H).

Technique of posterior chamber IOL implantation

Implantation of rigid intraocular lens. PCIOL is
implanted after conventional ECCE and SICS and
after enlarging the incision in phacoemulsification.
After completion of ECCE, the capsular bag and
anterior chamber are filled with 2% methylcellulose
or 1% sodium hyaluronate. The PCIOL (Fig. 9.29C),
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. 9.24F). 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. 9.24G). The IOL is
then dialled into the horizontal position (Fig. 9.24H).

Implantation of foldable IOLs is made either with the
help of holder-folder forceps or the foldable IOL
injector (Fig. 9.26H).

Scleral fixation of posterior chamber 10L is done as
an alternative to anterior chamber IOL (ACIOL).
Posterior chamber IOL can be fixated to the sclera
in the ciliary sulcus region with the help of sutures
or a biological glue (glued IOLs).

POSTOPERATIVE MANAGEMENT AFTER
CATARACT OPERATION

1. Patient is asked to lie quietly upon the back for
about 2-3 hours and advised to take nil orally.

2. Diclofenac sodium may be given for mild to
moderate postoperative pain injection.

3. Next morning bandage/eye patch is removed
and eye is inspected for any postoperative
complication.

4. Antibiotic eyedrops are used for four times, 10-14
days.

5. Topical steroids (Prednisolone) eye drops 3 to 4
times a day are used for 6-8 weeks.

6. Topical ketorolac or any other NSAID eye drops 2
to 3 times/ day are used for 4 weeks.

7. Topical timolol (0.5%) eye drops twice daily are
used for about 7-10 days.

8. Topical cycloplegic-mydriatic, e.g., homatropine
eye drops may be used OD for 10-14 days.
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9. After 6-8 weeks of operation corneoscleral sutures
are removed (when applied). Nowadays most
surgeons are doing sutureless cataract surgery.

10. Final spectacles are prescribed after about
8 weeks of SICS operation and 3-4 weeks of
phacoemulsification.

COMPLICATIONS OF CATARACT
SURGERY AND THEIR MANAGEMENT

Nowadays 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) Operative 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
e 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.
Since, presently most cases are done under
peribulbar or topical anaesthesia, so incidence of
retrobulbar haemorrhage has decreased drastically.

e Oculocardiac reflex, which manifests as bradycardia
and/or cardiac arrhythmia, has also been
observed due to retrobulbar/peribulbar block. An
intravenous injection of atropine is helpful.

e 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.

e Subconjunctival haemorrhage is a minor
complication observed frequently, and does not
need much attention.

o 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 managementis on the lines
of posterior dislocation of lens (see page 217).

B. Operative complications

1. Superior rectus muscle laceration and/or

haematoma, may occur while applying the bridle

suture in conventional ECCE and SICS. 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.

e Button holing of anterior wall of tunnel can occur
because of superficial dissection of the scleral flap
(Fig. 9.35B). As a remedy, abandon this dissection
and re-enter at a deeper plane from the other side
of the external incision.

e Premature entry into the anterior chamber can
occur because of deep dissection (Fig. 9.35C).
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.

e 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. 9.35D). Scleral
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Fig. 9.35 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

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 capsulorrhexis

Continuous curvilinear capsulorrhexis (CCC) is

the preferred technique for opening the anterior

capsule for SICS and phacoemulsification. Following

complications may occur:

= Escaping capsulorrhexis i.e., capsulorrhexis moves

peripherally and may extend to the equator or

posterior capsule.

=Small capsulorrhexis. It predisposes to posterior

capsular tear and nuclear drop during hydrodissection.

It also predisposes to occurrence of zonular

dehiscence. Therefore, a small sized capsulorrhexis

should always be enlarged by 2 or 3 relaxing incisions

before proceeding further.

= Very large capsulorrhexis may cause problems for

in the bag placement of IOL.

= Eccentric capsulorrhexis can lead to IOL decentration

at a later stage.

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:

e During forceful hydrodissection,

e By direct injury with some instrument such as
Sinskey’s hook, chopper or phacotip, and

o 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 (especially
useful in conventional ECCE).

= To decrease vitreous volume: Preoperative use
of hyperosmotic agents like 20% 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 highly 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 posteriorsclerotomy 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. Itis a dreadful complication which occurs due
to sudden and large PCR.
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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
phacoemulsification 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 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 and rarely from the root of the iris.

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 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. 1t 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 occur due to
wound leak, ciliochoroidal detachment or pupil
block.
i. Flat anterior chamber with wound leak is associated
with hypotony. Itis 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 or due

to adhesions with IOL more common with ACIOLSs)

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.

e Pupil block is managed initially with mydriatic,
hyperosmotic agents (e.g., 20% mannitol) and
acetazolamide. If notrelieved, 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
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steroids may be required in cases with severe
fibrinous reaction.

6. Toxic anterior segment syndrome (TASS) (see page
171)

7. Bacterial endophthalmitis. This is one of the
most dreaded complications with an incidence of
0.2 to 0.5%. The principal sources of infection are
contaminated solutions, instruments, surgeon’s
hands, patient’s own flora from conjunctiva, eyelids
and airborne 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 171).

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, a 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 (see Fig. 12.25A) due to
leakage of dye from perifoveal capillaries.

o Etiopathogenesis. 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.

o Prevention. Therefore, immediate preoperative
and postoperative use of antiprostaglandins
(indomethacin or flurbiprofen or ketorolac)
eyedrops is recommended as prophylaxis of CME.

Treatment. 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. Fungal
endophthalmitis may occur rarely as delayed
postoperative endophthalmitis. It is characterized
by puff ball vitreous exudates. It needs to be treated
by pars-plana vitrectomy and antifungal drugs
administered intravitreally and orally.

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. PBKis becoming
acommon indication of penetrating keratoplasty (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 and IOL implantation. Other risk factors for
pseudophakic 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
may 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 in the capsular bag. The proliferative
hyaline bands may sweep across the whole posterior
capsule.

Clinical types. After-cataract may present as
thickened posterior capsule opacification (PCO),
or dense membranous after cataract (Fig. 9.36A)
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. 9.36B) or
Elschnig’s pearls in which the vacuolated subcapsular
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epithelial cells are clustered like soap bubbles along
the posterior capsule (Fig. 9.36C).

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 YAG-laser
capsulotomy or discission with cystitome.
8. Glaucoma-in-aphakia and pseudophakia (see page
251).

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
commonly with rigid anterior chamber IOLs, which
are not used nowadays.

2. Malpositions of IOL (Fig. 9.37). These may be in the

form of decentration, subluxation and dislocation.

The fancy names attached to various malpositions

of IOL are:

o Sunset syndrome (Inferior subluxation of IOL).

o Sunrise syndrome (Superior subluxation of IOL).

o Lost lens syndrome refers to complete dislocation
of an IOL into the vitreous cavity.

o Windshield wiper syndrome. It results when a very
small IOL is placed vertically in the sulcus. In this
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 anterior segment syndrome (TASS). 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). It is characterised by
violent inflammation and need to be differentiated
from endophthalmitis.

B DISPLACEMENTS OF LENS

Displacements of the lens from its normal position
(in patellar fossa) results from partial or complete
rupture of the lens zonules.

M CLINICO-ETIOLOGICALTYPES

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 an autosomal
recessive disorder, characterised by displacement
of the lens associated with slit-shaped pupil
which is displaced in the opposite direction. Other
associations may be cataract, glaucoma, axial myopia
macrocornea, abnormal iris transillumination 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

Fig. 9.36 Types of after-cataract: A, dense membranous; B, Soemmering’s ring; C, Elschnig’s pearls
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Fig. 9.37 Decentered IOL

displaced upwards and temporally (bilaterally

symmetrical) (Fig. 9.38).

o 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 inferior and nasally.

o Systemic features are fair complexion, malar flush,
mental retardation, fits and poor motor control.
 Diagnosis is established by detecting homocystine

in urine by sodium nitro-prusside test.

3. Weill-Marchesani syndrome. It is condition of

autosomal recessive mesodermal dysplasia.

e Ocular features are spherophakia, and forward
subluxation of lens (Fig. 9.39) which may cause
pupil block glaucoma.

o Systemic features are short stature, stubby fingers
and mental retardation.

5y

Fig. 9.38 Subluxated IOL in Marfan’s syndrome

4. Ehlers-Danlos syndrome. In it the ocular features
are subluxation of lens and blue sclera. The systemic
Jeatures include hyperextensibility of joints and loose
skin with folds.

5. Hyperlysinaemia. Itis 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.

6. Stickler syndrome. Ectopia lentis is occasionally
associated in this condition (for details see page 290).
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. Itis a fatal
disease, death usually occurs before 5 years of age.

Il. Traumatic displacement of the lens

It is usually associated with concussion injuries.
Couchingis an iatrogenic posterior dislocation of lens
performed as a freatment of cataract in older days.

Ill. Consecutive or spontaneous displacement

It results from intraocular diseases giving rise to me-
chanical stretching, inflammatory disintegration or
degeneration of the zonules. A few common condi-
tions associated with consecutive displacements are:
hypermature cataract, buphthalmos, high myopia,
staphyloma, intraocular tumours and uveitis.

B TOPOGRAPHICALTYPES
Topographically, displacements of the lens may be
classified as subluxation and luxation or dislocation.

Fig. 9.39 Spherophakia and forward subluxation of lens
in Weill-Marchesani syndrome
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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 (Figs.

9.38 and 9.40A).

Clinical features are as follows:

o Defective vision occurs due to marked astigmatism
or lenticular myopia.

e Uniocular diplopia may result from partial
aphakia.

o Anterior chamber becomes deep and irregular.

o Iridodonesis is usually present.

o Edge of the subluxated lens is seen as dark crescent
line on distant direct ophthalmoscopy.

e And as a shining (bright) golden crescent on
slit-lamp examination, Phacodonesis, i.e.,
trimulousness of lens may be seen.

o Retinoscopy reveals hypermetropia in aphakic
area and myopia (index) in phakic area.

e Fundus examination shows large optic disc
through phakic area and small optic disc through
aphakic area.

Complications of subluxated lens include:

o Complete dislocation,

o Cataractous changes,

o Uveitis, and

o 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.

B

Il. 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. 9.40B), the
vitreous (Fig. 9.40C) (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.

Clinicalfeatures 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 is as below:

o A lens dislocated in the anterior chamber and that
incarcerated in the pupil should be removed as
early as possible.

e Adislocated 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).

I CONGENITAL ANOMALIES OF THE
LENS

1. Coloboma of lens. It is seen as a notch in the lower
quadrant of the equator (Fig. 9.41). It is usually
unilateral and often hereditary.

Fig. 9.40 Displacements of lens: A, subluxation; B, anterior dislocation; C, posterior dislocation
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Fig. 9.42 Lenticonus anterior: A, Diagrammatic;
B, Slit-lamp photograph

_ it

Fig. 9.41 Coloboma of the lens: A, Diagrammatic
depiction; B, Clinical photograph

2. Congenital ectopia lentis (see lens displacement
page 215).

3. Lenticonus. It refers to cone-shaped elevation of
the anterior pole (lenticonus anterior, Fig. 9.42) or
posterior pole (lenticonus posterior, Fig. 9.43) 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 182).

5. Microspherophakia. In this condition, the lens is
spherical in shape (instead of normal biconvex)
and small in size (Fig. 9.39). Microspherophakia
may occur as an isolated familial condition or as a
feature of other syndromes e.g.,Weill-Marchesani Fig. 9.43 Lenticonus posterior: A, Diagrammatic;
or Marfan'’s syndrome. B, Slit-lamp photograph
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ll ANATOMY AND PHYSIOLOGY

I 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.

Ciliary body
It is the site of aqueous production. Applied aspects
of its anatomy have been described on page 147.

Angle of anterior chamber

Angle of anterior chamber plays an important role in
the process of aqueous drainage. It is formed by root
ofiris, anterior-most part of ciliary body, scleral spur,
trabecular meshwork and Schwalbe’s line (prominent
end of Descemet’s membrane of cornea) (Fig. 10.1).
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 be visualised by gonioscopic examination (see
page 568).

Gonioscopic grading of the angle width. Various
systems have been suggested to grade angle width.

* Primary open-angle glaucoma

* Ocular hypertension

* Normal tension glaucoma

PRIMARY ANGLE-CLOSURE DISEASE
* Epidemiology

* Etiopathogenesis

* Classification

* Clinical profile & management

* Primary angle-closure suspect

* Primary angle-closure

* Primary angle-closure glaucoma
SECONDARY GLAUCOMAS
SURGICAL PROCEDURES FOR GLAUCOMA

The most commonly used Shaffer’s system of grading
the angle is given in Table 10.1 and is shown in
Fig. 10.2.

Aqueous outflow system

It includes the trabecular meshwork, Schlemm’s
canal, collector channels, aqueous veins and the
episcleral veins (Fig. 10.3).

1. Trabecular meshwork. It is a sieve-like structure
through which aqueous humour leaves the eye.
It consists of three layers, which from inside out

Iris

Cornea
Anterior
chamber angle

Trabeculum
) #’
Schlemm’s canal 1

Lens

Fig. 10.1 Section of the anterior ocular structures
showing region of the anterior chamber



220

Section ITI  Diseases of Eye

Table 10.1 Shaffer’s system of grading the angle width

m Angle width Risk of closure Structures visible on gonioscopy |

4 Wide open Closure impossible SL, TM, SS, CBB

3 30° Open angle Closure impossible SL, TM, SS

2 20° Moderately narrow Closure possible SL, T™M

1 10° Very narrow High risk of closure SL only

S <10° Slit angle Closure imminent No angle structures seen

0 0° Closed Closed None of the angle structures

visible

SL = Schwalbe’s line, TM = Trabecular meshwork, SS = Scleral spur, CBB = Ciliary body band

Fig. 10.2 Diagrammatic depiction of various angle

structures (SL, Schwalbe’s line; TM, trabecular meshwork;

SS, scleral spur; CBB, ciliary body band: ROl 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

are uveal meshwork, corneoscleral meshwork and

juxtacanalicular meshwork.

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 25u to 75L.

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

Trabecular meshwork
Schlemm'’s canal

Aqueous vein
Intrascleral plexus

Episcleral vein
Anterior
ciliary vein

Ciliary efferent vein

< Sclera

Fig. 10.3 The aqueous outflow system

sheets of trabeculae that are perforated by elliptical
openings which are smaller than those in the uveal
meshwork (5u-50u).

iii. Juxtacanalicular (endothelial) meshwork. Tt
forms the outermost portion of trabecular
meshwork and consists of juxtacanalicular
space (filled with ground substance) and cells.
The juxtacanalicular cell cytoplasmic processes
attach externally to the processes arising from
the innerwall endothelium of Schlemm’s canal
and internally to the processes arising from
the cells of corneoscleral meshwork. Thus,
this narrow part of trabeculum connects the
corneoscleral meshwork with Schlemm’s canal.
This part of trabecular meshwork mainly offers
normal resistance to the aqueous outflow.

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
and or aqueous valve. The outer wall of the canal is
lined by smooth flat cells and contains the openings
of collector channels.
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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. 10.3):

= Direct system. It is formed by the larger vessels
(aqueous veins) which run a short intrascleral course
and terminate directly into episcleral veins.

= Indirect system. It is formed by the smaller collector
channels which form an intrascleral plexus before
eventually going into episcleral veins.

I 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

Functions and composition of aqueous humour
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:

e Maintenance of a proper intraocular pressure.

o Metabolic and nutritional role. It plays an important
metabolic role by providing substrates (nutrition)
and by removing metabolites from the avascular
cornea and lens.

o Optical function. It maintains optical transparency.

o Clearing function. AqQqueous humour serves as a
mechanism to clear blood, macrophages, remnants
oflens matter and products of inflammation from
anterior chamber. Thus, 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:

o Water 99.9% and solids 0.1% (given below).

e 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).

e Amino acid constituent of aqueous humour is
about 5 mg/kg water.

o Noncolloid 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
HCO, (34).

e Oxygen is present in the aqueous humour in
dissolved state.

Note. Thus, composition of aqueous is similar to

plasma except that it has:

e High concentrations of bicarbonate, ascorbate,
pyruvate and lactate; and

o Low concentration of protein, urea and glucose.

Aqueous humour: anterior chamber versus posterior

chamber. The composition of ageuous humour in

anterior chamber differs from that of the aqueous

humour in posterior chamber because of metabolic

interchange. The main differences are:

¢ HCO, in posterior chamber aqueousis higher than
in the anterior chamber.

e Cl" concentration in posterior chamber is lower
than in the anterior chamber.

o Ascorbate concentration of posterior aqueous
is slightly higher than that of anterior chamber
aqueous.

Aqueous humour formation

Aqueous humour is derived from plasma within the
capillary network of ciliary processes. The normal
aqueous production rate is 2.3 ul/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 and loose connective tissue. Thus, the
plasma filtrate (dialysate) accumulates behind the
pigmented and nonpigmented epithelium of ciliary
processes.

2. Secretion. First the dialysate from the plasma is
transported into the pigment epithelium. Paired Na*/
H* and CI"/HCO,” antiports actively transports Na*
and CI" from the stroma into the cells. Intercellular
gap junctions also play critical rule. The tight junctions
between the cells of the nonpigment 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,
calcium and voltage gated ion channels 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 nonpigmented ciliary epithelium results
in an osmotic gradient leading to the movement
of other plasma constituents into the posterior
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chamber by ultrafiltration and diffusion. Sodium
is primarily responsible for the movement of water
into the posterior chamber. As the aqueous humour
passes from the posterior chamber to Schlemm’s
canal, there occurs sufficient diffusional exchange
with the surrounding structures (ciliary body, iris
lens, cornea and trabecular meshwork). As a result
the anterior chamber aqueous resembles plasma
more closely than does the posterior chamber
aqueous humour.

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, which primarily
operate against concentration gradient, 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. 10.5):

1. Trabecular (conventional) outflow

Trabecular meshwork is the main outlet for aqueous
from the anterior chamber. Approximately 70-80% 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.

Various theories put forward to explain the flow of
aqueous across the inner wall of Schlemm’s canal
can be grouped as below:

1. Passive filter mechanisms. Earlier it was believed
that from the juxtacanalicular space. The aqueous
humour enters the Schlemm’s canal against slight
resistance. Following mechanisms were postulated
which are now discarded and have become a part of
historical interest only:

o Leaky pores in endothelial cells forming the inner

wall of Schlemm’s canal were proposed.

o Contractile microfilaments in the endothelial cells
were suggested by some workers.

o Sondermann’s channels were also suggested to be
responsible for aqueous outflow the inner wall of
Schlemm’s canal.

o Vacuolation theory. It was one of the most accepted
view till recent past. 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. 10.4).

I1. Aqueous outflow active pump mechanism. Aqueous

flow through the aqueous outflow system has long

been considered a passive filter mechanism against
the pressure gradient. However, recently it has
been reported that aqueous outflow system acts as

a biomechanical pump. It has been proposed that:

= Aqueous outflow pump operates through oscillatory

pressure transients caused by the ocular pulse,
blinking and eye movements.

e Trabecular meshwork actively moves outward
and recoils back in response to the oscillatory
pressure transients. Thus, trabecular meshwork
flexibility is essential for the aqueous outflow
pump mechanism.

e Aqueous valve mechanism has been reported to
operate at the level of inner wall of Schlemm’s canal
(SC). These valves are oriented circumferentially
in SC and their lumen is continuous with the
juxtacanalicular space. These valves allow
one way passage of aqueous humour from the
juxtacanalicular space to inside the SC and not
vice-versa.

o Aqueous outflow pump system is a part of vascular
circulatory loop. During cardiac diastole the IOP
is slightly decreased due to less blood flow to the
choroidal vasculature. As a consequence, the
trabecular meshwork is retracted inward leading
to a negative pressure inside the Schlemm’s canal
and opening of the aqueous valves. This is followed
by flow of aqueous inside the SC.

e Aqueous humour flow from SC to collector’s
channels and episcleral venis. During cardiac
systole the choroidal vasculature explansion leads
to transient rise in IOP. The aqueous pulse wave
distends the trabecular meshwork (TM) forcing
it outward against the SC. As a consequence
of this pressure push the aqueous valves close
and aqueous from the SC is pushed through
the collector channels in its outer wall into the
aqueous veins.
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Cornea

Aqueous
vein

Schlemm’s
canal

Episcleral
vein

Trabecular
meshwork

Endothelial

lining of the
Schlemm’s
canal
Aqueous
humour in
the anterior

Sclera | Giliary body chamber

Intrascleral
A plexus

Fig. 10.4 Vacuolation theory of aqueous transport across the inner wall of the Schlemm’s canal: 1. Nonvacuolated
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

o From aqueous veins the aqueous is pushed into
the episcleral veins by the same mechanism. The
pressure gradient between IOP (16 mm of Hg ) and
episcleral venous pressure (about 10 mm of Hg)
also facilitates this unidirectional pulsatile flow of
aqueous humour.

2. Uveoscleral (unconventional) outflow

Ciliary processes

|

Aqueous in the posterior chamber
(through pupil)

|

Anterior chamber

Itis responsible for about 20 to 30% of the total aqueous Trabecular \Ciliary
outflow. The aqueous enters the ciliary body through meshwork beay
the iris root, ciliary body face and uveal trabecular . {
meshwork. Aqueous passes across the ciliary body chfr?;rfs Supr: ngs?idal
between the bundles of ciliary muscles into the 1 pl
suprachoroidal space and is drained by the venous Collacton \/anols circulation
circulation of the ciliary body, choroid and sclera. channels of ciliary body,
The drainage of aqueous humour is summarized ahigfold andiselerz
in the flowchart (Fig. 10.5). — —_—_
Maintenance of Intraocular Pressure Trabecular Uveoscleral

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

(conventional)
outflow = 70-80%

(unconventional)
outflow = 20-30%

Fig. 10.5 Flow chart depicting drainage of
aqueous humour

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
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temporary increase in episcleral venous pressure
and rise in IOP.

4. Dilatation of pupil in patients with narrow anterior
chamber angle may cause rise of IOP owing to a
relative obstruction of the ageuous drainage by the
iris.

5. Refractiveerrors. Myopicindividualshave higher IOP
as compared to emmetropes and hypermetropes.
Infact, IOP correlates with axial length.

B. General factors

1. Heredity. It influences I0P, possibly by multi-
factorial modes.

2. Age. The mean IOP increases after the age of 40
years, possibly due to reduced facility of aqueous
outflow.

3. Sex.10P is equal between the sexes in ages 20-40
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 late evening (Fig. 10.9). 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. I0OP increases when changing
from the sitting to the supine position.

6. Seasonal variations. IOP is higher in winter
months.

7. Blood pressure. As such it does not have long-term
effect on IOP. However, prevalence of glaucoma
is marginally more in hypertensives than the
normotensives.

8. 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.

9. 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.

10. Exercise. Strenous exercise lowers IOP transiently.

B GLAUCOMA: AN OVERVIEW

I 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/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
M EPIDEMIOLOGY

Global prevalence of glaucoma
e 2% of those over the age of 40 years, and
e 10% of those over 80 years of age.

POAG Versus PACG in different ethnic groups

Ethnic group POAG PACG
=Indian 1 : 1
=Urban Chinese 1 : 2
*Mongolian 1 : 3
=European, African 5 : 1

and Hispanic

Glaucoma blindness
e Global : 8.0%
e India : 12.8%

B PATHOGENESIS OF GLAUCOMATOUS
OCULAR DAMAGE

Asmentioned 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.
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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 irreversibly
damaged cells die, and are subsequently engulfed
by neighbouring cells, without eliciting any
inflammatory response.

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 insuffciency
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 and progression of damage in POAG.

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

B 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
congenital ocular anomalies.

3. Developmental glaucoma with associated systemic
anomalies.

I PRIMARY CONGENITAL/DEVELOPMENTAL
GLAUCOMA
Primary congenital glaucoma (PCG) refers to abnor-
mally 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. Newborn glaucoma, also called as true congenital
glaucoma, is labelled when IOP is raised during
intrauterine life and child is born with ocular
enlargement. It accounts for about 40% of cases.
2. Infantile glaucoma is labelled when the disease
manifests prior to the child’s third birthday. It
accounts for about 55% of cases.
3. Juvenile glaucoma is labelled in the rest 5% of cases
who develop pressure rise after 3 years but before
adulthood. Also known as Juvenile primary open
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angle glaucoma(POAG) usually occurs between
10 to 35 years of age. About 35% of patients with
juvenile POAG are myopes. The disease has a strong
autosomal dominant inheritance . Some of the
families suffering from juvenile POAG have a genetic
anomaly on the long arm of chromosome 21.

Buphthalmos. When the disease manifests prior to
age of 3 years, the eyeball enlarges and so the term
‘buphthalmos’ (bull-like eyes) is used. Asitresults due
to retention of aqueous humour (watery solution),
the term ‘hydrophthalmos, has also been suggested.

Prevalence and genetic pattern

e Sporadic occurrence is seen in most cases (90%).

o Autosomal recessive inheritance with incomplete
penetrance is seen in about 10% cases.

e Loci linked with PCG are 2p21(GLC3A), 1p36
(GLC3B) and 14q24 (GLC3C).

o Sexlinkageis not common in inheritance although
over 65% of the patients are boys.

e Bilateral occurrence is seen in 70% cases, though
the involvement may be asymmetric.

e Prevalence of the disease is only 1 child in 10,000
births.

Pathogenesis

Maldevelopment, from neural crest derived cells, 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.

Clinical features

1. Lacrimation, photophobia and blepharospasm
often occur together and form the classic triad of
symptoms of congenital glaucoma. Often there is
history of rubbing of the eyes. 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.

i. Corneal oedema. 1t 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 alongwith
enlargement of globe-buphthalmos (Fig. 10.6),
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, concentric with the limbus and
appear as lines with double contour.

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 backward.

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
(EUA) should be performed on each child suspected
of having congenital glaucoma. The examination
should include following:

1. Measurement of I0P with Schiotz or preferably
hand held Perkin’s applanation tonometer
since scleral rigidity is very low in children. IOP
measurement under GA is unpredictably altered.

Fig. 10.6 Corneal enlargement in a child with
congenital glaucoma
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2. Measurement of corneal diameter by callipers.

3. Slit-lamp examination should be carried out with
portable slit-lamp.

4. Ophthalmoscopy to evaluate optic disc.

5. 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, sclerocornea and
high myopia.

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. Other causes of watering in small
child include corneal abrasion, Meesman’s corneal
dystrophy and Reis-Buckler dystrophy.

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.

6. Optic disc changes need to be differentiated
from congenital anomalies of the disc such as
pit, coloboma, hypoplasia, tilted disc and large
physiological cup.

Treatment

Medical treatment

Medications are not very effective and so treatment of
congenital glaucoma is primarily surgical. However,
IOP must be lowered by medical treatment with
hyperosmotic agents, acetazolamide and beta-
blockers till surgery is taken up. Miotics are not used
in such cases because they paradoxically increase
IOP. Alpha-2 agonist (brimonidine) causes CNS
depression in children and is contraindicated.
Surgical procedures for congenital glaucoma

L. Incisional angle surgery, which can be performed
by the internal approach (goniotomy) or by external
approach (trabeculectomy).

1. Goniotomy (Fig. 10.7). In this procedure, a Barkan'’s
goniotomy knife is passed through the limbus on the
temporal side. Under gonioscopic control the knife

Line of sight

Fig. 10.7 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 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
is then withdrawn. Although the procedure may have
to be repeated, the eventual success rate is about 85%.
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.
10.8). 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.

11. Filteration surgery is required in many cases:

1. Trabeculectomy with antimetabolites gives good
results.

2. Combined trabeculotomy and trabeculectomy
with antimetabolites has been accepted as the
standard procedure.

III. Glaucoma drainage devices (GDD) are required in

incalcitrant cases.
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Fig. 10.8 Technique of trabeculotomy

@ DEVELOPMENTAL GLAUCOMAS WITH
ASSOCIATED OCULAR 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:

I. Glaucoma associated with iridodysgenosis

1. Glaucoma associated with aniridia (50%)

2. Glaucoma associated with familial iris hypoplasia

3. Glaucoma associated with congenital ectropion
uvea

4. Glaucoma associated with congenital microcornea

5. Glaucoma associated with congenital nanop-
hthalmos

Il. Glaucoma associated with iridocorneal

dysgenesis

These include:

1. Posterior embryotoxon characterized by a prominent

Schwalbe’s ring.

2. Axenfeld-Rieger syndrome refers to the spectrum of

following anomalies:

o Axenfeld anomaly is characterized by posterior
embryotoxon with attachment of strands of
peripheral iris tissue.

e Rieger anomaly is characterized by posterior
embryotoxon, iris stomal hypoplasia, ectropion
uveal corectopia, and full thickness iris defect.

e Rieger syndrome refers to Rieger anomaly
associated with dental anomalies (hypodentia
or microdential), facial anomalies (maxillary
hypoplasia, broad nasal bridge, telecanthus
and hypertelorism) and other anomalies

(hypospadias, redundant paraumblical skin, and
renal anomalies).
3. Peter’s anomaly is characterized by central corneal
opacity with or without irido-corneal or lenticulo-
corneal adhesions. It may have other ocular and
some systemic associations as well.
4. Combined Reiger’s syndrome and Peters anomaly
is characterized by features of the both described
above.

B DEVELOPMENTAL GLAUCOMA WITH
ASSOCIATED SYSTEMIC ANOMALIES

1. Glaucoma associated with chromosal disorders such
as trisomy 13-15 (trisomy D syndrome), trisomy 18
(Edward’s syndrome), trisomy 21 (Down'’s syndrome)
and Turner’s syndrome.

2. Glaucoma associated with ectopia lentis syndromes,
which include Marfan’s syndrome, Weil-Marchesani
syndrome and homocystinuria.

3. Glaucoma associated with phakomatosis is seen
in Sturge-Weber syndrome (50% cases) and Von
Recklinghausen’s neurofibromatosis (25% cases).
4. Glaucoma associated with metabolic syndromes such
as: Lowe’s syndrome (oculo-cerebrorenal syndrome),
Hurler’s syndrome (mucopolysaccharidosis)
and Zellweger syndrome (hepato-cerebral renal
syndrome).

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.

Primary open-angle glaucoma (POAG), also known

as chronic simple glaucoma of adult onset, is

typically characterised by:

 Slowly progressive raised intraocular pressure
(>21 mm Hg recorded on at least few occasions)
associated with,

« Open normal appearing anterior chamber angle,

o Characteristic optic disc cupping, and

e Specific visual field defects.

ETIOPATHOGENESIS

Etiopathogenesis of POAG is not known exactly.
Some of the known facts are as follows:
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A. Predisposing and risk factors. These include the

following:

1. Intraocular pressure (IOP), is the most important
risk factor for development of POAG.

2. Family history (Heredity). The approximate risk
of getting disease is 10% in the siblings, and 4% in
the offspring of patients with POAG. POAG has a
polygenic inheritance, approximately two dozen
loci have been identified for POAG out of which
only following three genes have been coloned:

e Myocilin C (MYOC),
e Optineurin (OPTN), and
e WD repeat domain 36 (WDR 36)

3. Age. The risk increases with increasing age. The
POAG is more commonly seen in elders between
5th and 7th decades.

4. Race. POAG is significantly more common,
develops earlier and is more severe in black
people than in white.

. Myopes are more predisposed than the normals.

6. Central corneal thickness (CCT). A thinner CCT,
apart from causing underestimation of IOP by
applanation tonometer, is being considered as an
independent risk factor for POAG.

7. Diabetics have a higher prevalence of POAG than
nondiabetics.

8. Cigarette smoking is also thought to increase its
risk.

9. High blood pressure is not the cause of rise in
IOP, however, the prevalence of POAG is more
in hypertensives than the normotensives. Most
meaningful blood pressure variable related to
glaucoma is diastolic perfusion pressure (diastolic
blood pressure-IOP). A diastolic perfusion
pressure of <55 mm Hg is an important risk factor
for glaucoma.

10. 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.

11. Corticosteroid responsiveness. Patients with POAG
and their offspring and sibilings are more likely to
respond to 6 weeks topical steroid therapy with a
significant rise of IOP.

B. Pathogenesis of rise in IOP. It is certain that rise in

IOP occurs due to decrease in the aqueous outflow

facility. Recently it has been proposed that reduced

aqueous outflow facility occurs due to failure
of aqueous outflow pump mechanism owing to
trabecular meshwork stiffening and apposition of

Schlemm’s canal wall. Such changes are caused by:

 Thickening and sclerosis of trabecular meshwork

with faulty collagen tissue.

o

o Narrowing of intertrabecular spaces.

e Deposition of amorphous material in the
juxtacanalicular space.

o Collapse of Schlemm’s canal and absence of giant
vacuoles in the cells lining it.

The exact cause of these changes is uncertain.

Detection of increased gammaglobulin and plasma

cells in trabecular meshwork on immunohisto-

chemistry and positive antinuclear antibody reaction

in some cases support an immunogenic mechanism

in POAG.

C. Pathogenesis of optic neuropathy. (see page 224)

M EPIDEMIOLOGY OF POAG

POAG affects about 1 in 100 of the general population
(of either sex) above the age of 40 years. It forms
about one-third cases of all glaucomas. Prevalence
of POAG varies in different populations is as below:

Ethnic group POAG : PACG

« Europeans, Africans and 5 1
Hispanics

e Mongolian 1 3

e Urban Chinese 1 2

e Indian 1 1

M CLINICAL FEATURES

Symptoms

1. Asymptomatic. The disease is insidious and
usually asymptomatic, until it has caused a
significantloss of visual field. Therefore, periodic
eye examination is required after middle age.

2. Headache and eye ache of mild intensity may be
experienced in the course of the disease.

3. Scotoma (defect in the visual field) may be noticed
occasionally by some observant patients.

4. Difficulty in reading and close work, often
persistently increasing, is experienced by
most patients. This occurs due to increasing
accommodative failure as a result of constant
pressure on the ciliary muscle and its nerve
supply. Therefore, patients usually complain of,
frequent changes in presbyopic glasses.

5. Delayed dark adaptation may develop, a disability
which becomes increasingly disturbing in the late
stages.

6. Significant loss of vision and blindness is the end
result of untreated cases of POAG.

Signs
I. Anterior segment signs
Ocular examination including slit-lamp

biomicroscopy may reveal normal anterior segment.
In late stages, pupil reflex becomes sluggish and
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cornea may show slight haze. Alow (<555 um) central
corneal thickness (CCT) is a significant risk factor
for POAG.

Il. 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 angle-closure glaucoma.
Different patterns of diurnal variation of IOP shown
in Fig. 10.9 are:

o Morning rise in IOP-20% of cases

o Afternoon rise in IOP-25% of cases

e Biphasicrise in IOP-55% of cases

A variation in IOP of 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.

I1l. 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 fundus examination
should be performed to detect optic disc changes.
Best technique is to have a stereoscopic view of the
optic disc with contact or noncontact lenses on slit-
lamp biomicroscopic examination. Non-contact
lenses (+ 78D or + 90D) are more convenient and are
thus widely used.

Recording and documentation techniques include serial
hand 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. Figs. 10.10A and B show
normal disc configuration.

(a) Early glaucomatous changes (Figs. 10.10C and D)
should be suspected to exist if fundus examination
reveals one or more of the following signs:
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Fig. 10.9 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

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.
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Fig. 10.10 Normal optic disc (A, diagrammatic depiction; B, fundus photograph) and optic disc showing early

C]

[0)

glaucomatous changes (C, diagrammatic depiction; D, fundus photograph)

6. Atrophy of retinal nerve fibre layer which may be

seen with red free light.

(b) Advanced glaucomatous changes in the optic

disc include:

. 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)
(Figs. 10.11A and B) which are well-delineated on
OCT examination (Fig. 10.11C).

. Thinning of neuroretinal rim which occurs in
advanced cases is seen as a crescentric shadow
adjacent to the disc margin. Normally, the
thickest to thinnest parts of the neuroretinal rim
of the optic disc are inferior, superior, nasal and
temporal (ISNT rule). Any variation from this

helps to detect glaucoma. Notching of the rim
specially up to disc margin is pathognomic.

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.

(¢) Glaucomatous optic atrophy. As the damage

progresses, all the neural tissue of the disc is
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destroyed and the optic nerve head appears white
and deeply excavated (Figs. 10.11C and 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 appear only after about 40% of
axons have been damaged and subsequently the
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 under
standing of the actual field defects, itis mandatory to
have a knowledge of their anatomical basis.

[

Fig. 10.11 Optic disc showing advanced glaucomatous changes: A, diagramatic depiction; B, fundus photograph;
C, OCT picture; D and E, diagrammatic depiction and fundus photograph of glaucomotous optic atrophy
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A. Distribution of retinal nerve fibres (Fig. 10.12).

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).

B. Arrangement of nerve fibres within optic nerve

head (Fig. 10.13): 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.

Fig. 10.12 Distribution of retinal nerve fibres

Fig. 10.13 Arrangement of nerve fibres within
optic nerve head

Nomenclature of glaucomatous field defects. Visual
field defects in glaucoma are initially observed in
Bjerrum’s area (10-25 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. 1t is also considered to be an
early glaucomatous change, but is very nonspecific
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. 10.14A).

3. Small wing-shaped paracentral scotoma (Fig.
10.14B). 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 between 10° and 20°
of fixation point).

4. Seidel’s scotoma. With the passage of time paracentral
scotoma joins the blind spot to form a sickle-shaped
scotoma known as Seidel’s scotoma (Fig. 10.14C).

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. 10.14D). 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. 10.14E).
7. Roenne’s central nasal step. 1t 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. 10.14E).

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
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Fig. 10.14 Field defects in POAG: A, baring of blind spot;
B, superior paracentral scotoma; C, Seidel’s scotoma;

D, Bjerrum’s scotoma; E, double arcuate scotoma and
Roenne’s central nasal step

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 10.2.

Assessing visual field progression in glaucoma.
Progression in visual defects can be judged by any
of the following methods:

e Comparing individual single field printouts
obtained over a period of time.

o Overview printout, in which up to 16 previously
tested visual fields can be shown in a single
printout without any stastical interpretation.

e Progression analysis software (G PA in HFA
machines and Peritrend in Octopus perimeter) is
now available for stastical analysis of progression
in the visual field defects.

o Visual field index (VFI), is a new measure which
uses regression to offer a trend-based analysis of
the speed of visual field loss. In it a scale of 0 to 100,
i.e., complete loss of the field to normal full field is
generate to grade the field loss.

Note. For proper understanding of Table 10.2,
evaluation of the Humphrey single field printout
described on page 515 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.

I INVESTIGATIONS

1. Tonometry. Applanation tonometry should be
preferred over Schiotz tonometry (see page 509).

2. Central corneal thickness (CCT) measurement
is essential in the workup for glaucoma since a
thinner cornea underestimates and a thicker cornea
overestimates the IOP on applanation tonometry.
A low CCT (<545 microns) is an independent risk
factor for conversion of ocular hypertension to
POAG. Ithas been suggested that a correction factor
should be applied to the IOP readings in patients
with CCT less than 545 microns and more than 600
microns.

3. Diurnal variation test is especially useful in
detection of early cases (see page 230).
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Table 10.2 Criteria to diagnose early, moderate and severe glaucomatous field defects from HFA: 30-2-test.

m Criteria for glaucomatous field defects

no. Early defects
1. Mean deviation (MD) <-6dB

2. Corrected pattern Depressed to p < 5%
standard deviation (CPSD)

3. Pattern deviation plot
Points depressed below <18 (25%)
the p < 5%
Points depressed below <10
the p < 1%
4. Glaucoma Hemifield Outside normal limits
Test (GHT)
5. Sensitivity in central No point <15 dB

5 degree (Raw data or
Numeric value in dB)

4. 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 pages
219 and 568).

5. Documentation of optic disc changes is of utmost
importance (see page 230).

6. Slit-lamp examination of anterior segment to rule
out causes of secondary open-angle glaucoma.

7. Perimetry to detect the visual field defects.

8. Nerve fibre layer analyzer (NFLA) is a recently
introduced device which helps in detecting the
glaucomatous damage to the retinal nerve fibres
before the appearance of actual visual field changes
and/or optic disc changes.

9. Provocative tests are required in border-line cases.
The test commonly performed is water drinking test.
Other provocative tests not frequently performed
include combined water drinking and tonography,
bulbar pressure test, prescoline test and caffeine test.

Water drinking test. It is based on the theory that
glaucomatous eyes have a greater response to water
drinking. In it after an 8 hours fast, baseline IOP is
noted and the patient is asked to drink one litre of
water, following which IOP is noted every 15 minutes
for 1 hour. The maximum rise in IOP occurs in
15-30 minutes and returns to baseline level after 60
minutes in both normal and the glaucomatous eyes.
Arise of 8 mm of Hg or more is said to be diagnostic
of POAG.

I DIAGNOSIS
Depending upon the level of intraocular pressure
(IOP), glaucomatous cupping of the optic disc and

Moderate defects Severe defects
-6dB-12dB >-12dB

Depressed to p < 5% Depressed to the p < 5%
<37 (50%) >37 (>50%)

<20 >20

Outside normal limits Outside normal limits

Both hemifield have
points with sensitivity
<15dB

Any point has 0 dB

One hemifield may have point
with sensitivity <15 dB

No point has 0 dB

the visual field changes (Fig. 10.15) the patients are
assigned to one of the following diagnostic entities:
1. Primary open-angle glaucoma (POAG).
Characteristically POAG is labelled when raised
IOP (>21 mm of Hg) is associated with definite
glaucomatous optic disc cupping and visual field
changes.

However, patients with raised IOP and either typical
field defects or disc changes are also labelled as
having POAG.

2. Ocular hypertension. This term is used when a
patient has an IOP constantly more than 21 mm of

IOP >21 mm Hg

Ocular hypertension

Glaucoma

Glaucoma

Established
glaucoma

Typical disc changes

Typical field changes

Fig. 10.15 Triad of abnormalities in disc, field and intra-
ocular pressure (IOP) for the diagnosis of glaucoma



236

Section ITII  Diseases of Eye

Hg but no optic disc and visual field changes (for
details, see page 238).

3. Normal tension glaucoma (NTG) or low tension
glaucoma (LTG) is diagnosed when typical
glaucomatous disc cupping with or without visual
field changes is associated with an intraocular
pressure constantly below 21 mm of Hg (for details,
see page 239).

B MANAGEMENT
General considerations

Baseline evaluation and grading of severity of glaucoma
The aim of treatment is to lower intraocular pressure
to a level where (further) visual loss does not occur.
The management thus requires careful and regular
periodic supervision by an ophthalmologist.
Therefore, itis important to perform a good baseline
examination with which future progress can be
compared.

Baseline data should include: visual acuity, slit-
lamp examination of anterior segment, tonometry
(preferably with applanation tonometer);
measurement of central corneal thickness, optic disc
evaluation (preferably with fundus photography),
gonioscopy and visual field charting.

Grading. American Academy of Ophthalmology
(AAO) grades severity of glaucoma damage into mild,
moderate and severe (Table 10.3).

Therapeutic choices

= Medical therapy,

= Argon or diode laser trabeculoplasty, and
= Filteration surgery.

A. Medical therapy

The initial therapy of POAG is still medical, with
surgery as the last resort.

Antiglaucoma drugs available are described in detail
on pages 449-453.

Basic principles of medical therapy of POAG
1. Identification of target pressure. From the baseline
evaluation data a ‘target pressure’ (below which

Table 10.3 Severity of glaucoma damage

Mild Characteristic optic-nerve abnormalities
are consistent with glaucoma but with
normal visual field.

Moderate  Visual-field abnormalities in one hemi-
field and not within 5 degrees of fixation.

Severe Visual-field abnormalities in both hemi-

fields and within 5 degrees of fixation.

Source : AAO 2000a

glaucomatous damage is not likely to progress)
should be identified for each patient. The target
pressure is identified taking into account the severity
of existing damage, the level of IOP, age, and general
health of the patient. Although, it is not possible to
predict the safe level of IOP, however, progression is
uncommon if IOP is maintained at less than 16 to
18 mm of Hg in patients having mild to moderate
damage. Lower target pressures (12-14 mm Hg) are
required in patients with severe damage.

2. Single drug therapy.One topically instilled
antiglaucoma drug should be chosen after due
consideration to the patient’s personal and medical
factors. If the initial drug chosen is ineffective or
intolerable, it should be replaced by the drug of
second choice.

3. Combination therapy. If one drug is not sufficient
to control IOP then a combination therapy with two
or more drugs should be tried.

4. Monitoring of therapy by disc changes and field
changes and tonometry is most essential on regular
follow-up. In the event of progress of glaucomatous
damage the target pressure is reset at a lower level.

Treatment regimes

There are no clear-cut prescribed treatment regimens
for medical therapy of POAG. However, at present
considerations are as follows:

I. Single drug therapy. Antiglaucoma drugs used are:

1. Prostaglandin analogues. These decrease the IOP

by increasing the uveo-scleral outflow of aqueous.

Presently, a prostaglandin analogue is being

considered the drug of first choice for the treatment

of POAG (provided patient can afford to buy it).

Further, these form a very good adjunctive drug to

beta-blockers, dorzolamide and even pilocarpine

when additional therapy is indicated. The available

preparations include:

e Latanoprost (0.005%) to be used HS,

e Travoprost (0.004%) to be used HS,

o Bimatoprost (0.03%, a prostamide) to be used HS,
and

o Unoprostone (0.15%) to be used BID.

2. Topical beta-blockers are being recommended as

the first drug of choice for medical therapy of POAG

in poor and average income patients. These lower

IOP by reducing the aqueous secretion due to their

effect on beta-2 receptors in the ciliary processes.

Preparations. In terms of effectiveness, there is little
difference between various beta-blockers. However,
each offers a slight advantage over the other, which
may help in choosing the particular medication as
follows:
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e Timolol maleate, a non-selective beta-blocker
(0.25, 0.5%: 1-2 times/day), is most popular as
initial therapy. However, it should not be used in
patients having associated bronchial asthma and/
or heart blocks.

e Betaxolol (0.25%: 2 times/day). Being a selective
beta-1 blocker it is preferred as initial therapy
in patients with asthma and other pulmonary
problems.

e Levobunolol (0.25,0.5%: 1-2 times/day). Its action
lasts the longest and so is more reliable for once a
day use than timolol.

e Carteolol(1%: 1-2 times/day). It raises triglycerides
and lowers high density lipoproteins the least.
Therefore, it is the best choice in patients with
POAG having associated hyperlipidemias or
atherosclerotic cardiovascular disease.

3. Adrenergic drugs. Role in POAG is as follows:
i. Epinephrine hydrochloride (0.5, 1, 2%: 1-2 times/
day) and dipivefrin hydrochloride (0.1%: 1-2 times/
day). These drugs lower the IOP by increasing
aqueous outflow by stimulating alpha receptors in
the aqueous outflow system. These are characterized
by a high allergic reaction rate. Their long-term use
has also been recognized as a risk factor for failure
of filtration glaucoma surgery. For these reasons,
epinephrine compounds are no longer being used
asfirstline or second line drug. However, dipivefrine
may be combined with beta-blockers in patients
where other drugs are contraindicated.
ii. Brimonidine (0.2% : 2 times/day). It is a selective
alpha-2-adrenergic agonist and lowers IOP by
decreasing aqueous production and also by
increasing uveo-scleral outflow. Because of increased
allergic reactions and tachyphylaxis rates it is not
considered the drug of first choice in POAG. Itis used
as second drug of choice and also for combination
therapy with other drugs.
4. Dorzolamide (2%: 2-3 times/day) or Brizolamide
(1%, BD). These are topical carbonic anhydrase
inhibitors which lower IOP by decreasing aqueous
production by altering ion transport along the ciliary
process epithelium. These have replaced pilocarpine
as the second line of drug and even as an adjunct
drug.

5. Pilocarpine (1, 2, 4%: 3-4 times/day). It is a very

effective drug and had remained as the sheet anchor

in the medical management of POAG for a long time.

However, presently it is not being preferred as the first

drug of choice or even as second choice. It is because

of the fact that in younger patients it causes problems
due to spasm of accommodation and miosis. Most,

but not all, older patients tolerate pilocarpine very
well; however, axial lenticular opacities when present
preclude its use in many such patients. Therefore,
presently pilocarpine is being considered only as an
adjunctive therapy where other combinations fail
and as second choice in poor patients.
=Mechanism of action. Pilocarpine contracts
longitudinal muscle of ciliary body and opens spaces
in trabecular meshwork, thereby mechanically
increasing aqueous outflow.

II. Combination topical therapy. If one drug is not
effective, then a combination of two drugs—one drug
which decreases aqueous production (timolol or other
betablocker, or brimonidine or dorzolamide) and other
drug which increase aqueous outflow (latanoprost or
brimonidine or pilocarpine) may be used.

I11. Role of oral carbonic anhydrase inhibitors in
POAG. Acetazolamide and methazolamide are not
recommended for long-term use because of their
side-effects. However, acetazolamide 250 mg-tds
may be added to control IOP for short term.

IV. Hyperosmotic agents like mannitol 1-2 gm/kg body
weight may be used initially when patients present
with very high IOP ( >30 mm Hg).

V. Neuroprotective agents. Neuroprotection is an
IOP independent method of treating the retinal
ganglion cells (RGCs) that are damaged in glaucoma.
Some currently available neuroprotective agents
have shown effects in vitro and in animal models,
however, results in human clinical trials are either
lacking or inconclusive.

B. Laser trabeculoplasty

Laser trabeculoplasty can be done using argon
laser (ALT), or diode laser (DLT) and selective laser
trabeculoplasty (SLT).

It should be considered in patients where IOP
is uncontrolled despite maximal tolerated medical
therapy. It can also be considered as primary therapy
where there is non-compliance to medical therapy.

Technique and role of argon (ALT) or diode laser
trabeculoplasty (DLT) in POAG. It has an additive effect
to medical therapy. Its hypotensive effect is caused
by increasing outflow facility, possibly by producing
collagen shrinkage on the inner aspect of the
trabecular meshwork and opening the intratrabecular
spaces. It has been shown to lower IOP by 8-10 mm of
Hg in patients on medical therapy and by 12-16 mm
in patients who are not receiving medical treatment.
Treatment regime usually employed consists of 50
spots on the anterior half of the trabecular meshwork
over 180°.
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Complications include:

= Transient acute rise of IOP, which can be prevented
by pretreatment with apraclonidine (an alpha
agonist) and/or acetazolamide; and

= Transient inflammation which can be lessened by
use of topical steroids for 3-4 days.

=Other complications seen less commonly are
haemorrhage, uveitis, peripheral anterior synechiae
and reduced accommodation.

Selective laser trabeculoplasty (SLT),based on the
principle of selective photothermolysis, targets
selectively pigmented trabecular meshwork (TM)
cells without causing thermal or collateral damage
to non-pigmented cells or structures unlike ALT or
DLT. SLT is performed using Q-switched frequency
doubled 532 nm Nd:YAG laser with a pulse duration
of 3ms, a spot size 0f 400 microns and energy setting
of 0.8 mJ. Pressure lowering effect of SLT is similar to
ALT with the advantage of not causing scarring and
damage to TM. Further, SLT can be used in patients
treated with ALT.

C. Surgical therapy

Indications

1. Uncontrolled glaucoma despite maximal medical
therapy and laser trabeculoplasty.

2. Noncompliance of medical therapy and non-
availability of ALT/SLT.

3. Failure of medical therapy and unsuitable for ALT
either due to lack of cooperation or inability to
visualize the trabeculum.

4. Eyes with advanced disease, i.e., having very
high IOP, advanced cupping and advanced field
loss should be treated with filtration surgery as
primary line of management.

Types of surgery

Surgical treatment of POAG primarily consists of

a fistulizing (filtration) surgery which provides a

new channel for aqueous outflow and successfully

controls the IOP (below 21 mm of Hg).

o Trabeculectomy is the most frequently performed
filtration surgery nowadays.

e Details of filtration operations are described on
page 254.

M OCULAR HYPERTENSION

Definition

Ocular hypertension is labelled when a patient has an
IOP constantly more than 21 mm of Hg but no optic
disc and visual field changes. These patients should
be carefully monitored by an ophthalmologist and
should be treated as cases of POAG in the presence
of high risk factors.

Glaucoma suspect is defined as an adult having
normal open angle on gonioscopy and anyone of the
following signs in at least one eye:

o Elevated IOP, consistently more than 21 mm of Hg
by applanation tonometry.

e Suspicious disc changes in the form of asymmetric
cup-disc ratio (difference >0.2), notching,
or narrowing of neuroretinal rim, or a disc
haemorrhage.

e Visual fields consistent with glaucomatous
damage.

Risk factors for development of POAG among
individuals with ocular hypertension

High-risk factors for development of POAG reported

by ocular hypertension study (OHTS) and European

Glaucoma Prevention Study (EGPS) are;

¢ IOP consistently >30 mm Hg,

e Central corneal thickness <550 um,

e Vertical cup disc ratio of more than 0.7,

e Increased age,

e Increased pattern standard deviation (PSD) on
Humphrey visual field test, and

e Disc haemorrhages i.e., splinter haemorrhages
over or near the disc.

Other reported risk factors are:

e Family history of glaucoma or known genetic
predisposition.

o Fellow eye of the unilateral POAG.

e Other ocular conditions include suspicious disc
appearance, myopia, positive diurnal variation,
steroid responder, and low optic nerve perfusion
pressure.

o Systemic risk factors include diabetes mellitus,
sleep apnea, hypertension, cardiovascular disease,
hypothyroidism, migranous headache and
vasospasm.

Note. The risk of developing POAG cannot be
predicted from a single risk factor. The multivariate
analysis of the risk factors is more useful in
predicting the development of POAG in glaucoma
suspects.

Treatment

e Patients with high-risk factors should be treated on
the lines of POAG (see page 236). The aim should
be to reduce IOP by 20%.

e Patients with no high-risk factors should be
annually followed by examination of optic
disc, perimetry and record of IOP. Treatment
is not required till glaucomatous damage is
documented.
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I NORMAL TENSION GLAUCOMA

Definition and prevalence

The term normal tension glaucoma (NTG), also
referred to as low tension glaucoma is labelled
when typical glaucomatous disc changes and visual
field defects are associated with an intraocular
pressure (IOP) constantly below 21 mm of Hg.
Characteristically, the angle of anterior chamber is
open on gonioscopy and there is no secondary cause
for glaucomatous disc changes. NTG accounts for
16% of all cases of POAG and its prevalence above
the age of 40 years is 0.2%.

Etiopathogenesis

It is believed to result from chronic low vascular

perfusion, which makes the optic nerve head

susceptible to normal IOP. This view is supported

by following associations which are more common

in NTG than in POAG:

e Raynaud phenomenon, i.e., peripheral vascular
spasm on cooling,

o Migraine,

e Nocturnal systemic hypotension and overtreated
systemic hypertension.

e Reduced blood flow velocity in the ophthalmic
artery (as revealed on transcranial Doppler
ultrasonography).

Clinical features

Intraocular pressure (IOP) is consistently lower than
21 mm of Hg, but is usually on the higher side of
normal range.

Optic disc changes are similar to POAG with following
special features:

o Thinning of neuroretinal rim is more significant.

o Splinter haemorrhages at disc are more frequent.
e Peripapillary atrophic changes are more prevalent.
Visual field defects are essentially similar to POAG,
but tend to be more deeper, steeper, more localized
and closure to fixation point.

Characteristic associations in the form of ocular
vascular abnormalities and systemic vascular and
hematological abnormalities (as mentioned in
etiopathogenesis) may be detected.

Differential diagnosis

I. High pressure glaucomas

1. POAG. In early stages. POAG may present with
normal IOP because of a wide diurnal variation.
Diurnal variation test usually depicts IOP higher than
21 mm of Hg at some hours of the day in patients
with POAG.

2. Glaucoma with intermittent rise in IOP, e.g.,
glaucomatocyclitic crisis and intermittent angle
closure glaucoma.

3. Previous episodes of glaucoma which might have
caused optic disc changes, field defects, and are now
cured, e.g., corticosteroid induced glaucoma, uveitic
glaucoma, and traumatic glaucoma.

Il. Non-glaucomatous optic neuropathies

1. Congenital optic disc anomalies such as large optic
disc pits or colobomas which may be mistaken
for acquired glaucomatous damage. A careful
examination should help in differentiation.

2. Acquired optic neuropathies such as compressive
lesions of optic nerve, shock optic neuropathies,
anterior ischemic optic neuropathy, traumatic optic
neuropathy and optic neuropathy due to methyl
alcohol poisioning.

Treatment

1. Medical treatment to lower IOP. The aim of the

treatment is to lower IOP by 30%, i.e., to achieve IOP

levels of about 12-14 mm of Hg. Some important
facts about medical treatment of NTG are:

e Betaxolol may be considered the drug of choice
because in addition to lowering IOP it also
increases optic nerve blood flow.

o Other beta blockers and adrenergic drugs (such
as dipivefrine) should better be avoided (as these
cause nocturnal systemic hypotension and are
likely to affect adversely the optic nerve perfusion).

o Drugs with neuroprotective effect like brimonidine
may be preferred.

e Prostaglandin analogues, e.g., latanoprost tend to
have a greater ocular hypotensive effect in eyes
with normal IOP.

2. Trabeculectomy may be considered when progressive

field loss occurs despite IOP in lower teens.

3. Systemic calcium channel blockers (e.g., nifedipine)

may be useful in patients with confirmed peripheral

vasospasm.

4. Monitoring of systemic blood pressure should be

done for 24 hours. If nocturnal dip is detected, it may

be necessary to avoid night dose of anti-hypertensive
medication.

B PRIMARY ANGLE-CLOSURE DISEASE

B TERMINOLOGY

Since in the new classification, described of
‘Association of International Glaucoma Societies’
(AIGS), in 2006, the word glaucoma is used only when
the optic disc and visual field changes are present,
so the term ‘primary angle closure disease’ should
replace the term ‘primary angle closure glaucoma’
Primary angle closure disease, is characterised by
apposition of peripheral iris against the trabecular
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meshwork (TM) resulting in obstruction of aqueous
outflow by closure of an already narrow angle of the
anterior chamber. The condition is not associated
with any other ocular and systemic abnormalities.

B EPIDEMIOLOGY

Salient points regarding epidemiology of primary

angle closure disease as per International Society of

Geographical and Epidemiological Ophthalmology

(ISGEQ) are as below:

1. For every 10 occludable angles (PAC suspects)
seen there is only one case of PACG. Thus, most
occludable eyes do not get glaucoma; and so does
not justify prophylactic Laser P.I. in all such cases.

2. Chronic PACG (asymptomatic) is more common
than acute PACG (symptomatic) (3:1); meaning
thereby that most patients do not know they have
disease; justifying need for glaucoma screening.

3. There is great ethnic variability in the prevalence
of PACG. Theratio of POAG versus PACG reported
for different ethnic groups is as below:

Ethnic group POAG : PACG
Europeans, and Africans

and Hispanics 5 1
Urban Chinese 1 2
Mongolian 1 3
Indian 1 1

4. Major cause of world glaucoma blindness is PACG.

B ETIOPATHOGENESIS

Etiopathogenesis of primary angle closure disease
can be discussed as below:

A. Predisposing risk factors

B. Pathogenesis of rise in IOP

A. Predisposing risk factors

I. Demographic risk factors

1.Age. PACG with pupillary block occurs with
greatest frequency in 6th and 7th decades of life.

2. Gender. Male to Female ratio is 1:3.

3. Race. In Caucasians, PACG accounts for about 6%
of all glaucomas and presents in sixth to seventh
decade. It is more common in South-East Asians,
Chinese and Eskimos but uncommon in Blacks.
In Asians it presents in 5th to 6th decade and
accounts for 50% of primary adult glaucomas in
this ethnic group.

I1. Anatomical and ocular risk factors

Eyes anatomically predisposed to develop primary

angle-closure glaucoma (PACG) include:

o Hypermetropic eyes with shallow anterior chamber
and short axial length.

e Eyes in which iris-lens diaphragm is placed
anteriorly.

o Eyes with narrow angle of anterior chamber, which
may be due to small eyeball, relatively large size
of the lens and smaller diameter of the cornea or
bigger size of the ciliary body or more anterior
insertion of the iris on the ciliary body.

e Plateau iris configuration.

o Heredity. Most cases of PACG with pupillary block
are sporadic in nature. However, predisposing
anatomical factors, i.e., shallow anterior chamber
and narrow angles have been reported as more
common in first degree relatives of the patients.

B. Pathomechanisms of ‘rise in intraocular’ pressure
Three pathomechanisms implicated in the causation
of rise in IOP of the eyes at risk of PACG are:

= Pupillary block mechanism,

= Plateau iris configuration and syndrome, and
=Phacomorphic mechanism.

1. Pupillary block mechanism

Pupillary block mechanism is responsible for
causation of rise in IOP in most (70%) of the predis-
posed patients.

Precipitating factors. In a predisposed patient with
occludable angles the pupillary block causing angle
closure is precipitated by the following factors:

= Physiological mydriasis e.g., while reading in dim
illumination, watching television or cinema in a
darkened room, during anxiety and emotional stress
(sympathetic overactivity)

= Pharmacological mydriasis is well documented
to precipitate an attack of acute angle closure.
Medications other than topical mydriatics (e.g.,
phenylephrine, tropicamide, cyclopentolate,
homatropine and atropine) reported to precipitate
the attack include tranquilizers, bronchodilators,
antidepressants, vasoconstrictors including common
nasal decongestants, antimalaria agents and
antispasmodics.

= Pharmacological miosis induced by drugs like
echothiophate and pilocarpine is also reported to
precipitate an attack of acute PAC.

= Valsalva manoevure is reported to precipitate angle
closure in predisposed individuals.

Mechanism of rise in IOP after mydriasis.The probable
sequence of events resulting in rise of IOP in an
anatomically predisposed eye is as follows:

First of all due to the effect of precipitating
factors there occurs mid dilatation of the pupil
which increases the amount of apposition between
iris and anteriorly placed lens with a considerable
pressure resulting in relative pupil block (Fig.
10.16A). Consequently, the aqueous collects in the
posterior chamber and pushes the peripheral flaccid
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iris anteriorly (Iris bombe) (Fig. 10.16B), resulting
in appositional angle closure due to iridocorneal
contact (Fig. 10.16C). Eventually, there occurs
rise in IOP which is transient to begin with. But
slowly the appositional angle closure is converted
into synechial angle closure (due to formation of
peripheral anterior synechiae) and an attack of rise
in IOP may last long.

In some cases, a mechanical occlusion of the
angle by the iris is sufficient to block the drainage of
aqueous. For this reason, the instillation of atropine
in an eye with a narrow angle is dangerous, since it
may precipitate an attack of raised IOP.

Mechanism of rise in IOP after miosis. The drugs that
constrict pupil are also reported to increase pupillary
block. Further these drugs also contract the ciliary
muscles allowing the zonules to relax and the lens to
move forward. Because of this reason, it is advisable
to avoid miotics such as pilocarpine in the prevention
of PACG in predisposed eyes (e.g., fellow eye of
patient with acute attack).

2. Plateau iris configuration and syndrome

This mechanism is responsible for few (10%) atypical
cases of acute angle closure glaucoma. Acute angle
closure glaucoma associated with plateau iris is
atypical in the patients that have normal central

C]

Fig. 10.16 Mechanism of angle closure glaucoma: A,
relative pupil block; B, iris bombe formation; C, appositional
angle closure

anterior chamber depth, flat iris plane and minimal
pupillary block. It has also been referred in the
literature as an angle closure glaucoma without
pupillary block. The anterior chamber angle is
closed by a pushing mechanism because of the
anterior positioned ciliary processes displacing the
peripheral iris anteriorly. Such a situation is called
plateau iris configuration and iridotomy is sufficient
to control IOP in such patients. Plateau iris syndrome
islabeled when acute angle closure glaucoma occurs
either spontaneously or after pharmacological
dilation, in spite of patent iridotomy. Such eyes are
treated with miotics and laser peripheral iridoplasty
to produce thinning of the peripheral iris.

3. Phacomorphic mechanism

Phacomorphic mechanism has now been included
as one of the three basic PACG mechanisms, along
with pupillary block and plateau iris. The abnormal
lens may contribute by either causing pupillary block
or by pushing the peripheral iris forward into the
angle structures. Though the term phacomorphic
glaucoma refers to an acute secondary angle closure
glaucoma caused by the intumescent or other
lens morphological abnormalities; but now UBM
and OCT studies have shown that phacomorphic
mechanism may be responsible for initiating acute
primary angle closure glaucoma in predisposed
patients (having occludable angle). This also forms
the base of lens extraction as a treatment modality
for acute primary angle closure glaucoma.

Note. In addition to meticulous gonioscopic
examination, the high resolution ultrasonic
biomicroscopy (UBM) examination and Anterior
Segment OCT (AS-OCT) are very useful in
understanding the pathogenesis of primary angle
closure disease. These investigations are particularly
useful in the documentation of plateau iris
configuration, plateau iris syndrome, phacomorphic
mechanism and post peripheral iridectomy angle
dynamics. Further, these investigations are also
helpful in differentiating primary and secondary
angle closure glaucoma.

I CLASSIFICATION

ISGEO Classification

World glaucoma experts under the auspices
of the “Association of International Glaucoma
Societies” (AIGS), now termed as ‘International
Society of Geographical and Epidemiological
Ophthalmology’(ISGEO), in 2006 have proposed
following 21st century consensus classification based
on natural history (IOP measurements, gonioscopy,
disc and visual field evaluation):
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1. Primary Angle Closure Suspect (PACS),
2. Primary Angle Closure (PAC), and
3. Primary Angle Closure Glaucoma (PACG).

Note. In this newer classification the word glaucoma
is used only when the optic disc changes and field
changes are present. Further, this classification
is based only on the signs and has not taken into
consideration the presenting symptoms.

Traditional clinical classification

The old traditional clinical classification based on the

clinical presenting symptoms is as below:

1. Latent primary angle-closure glaucoma,

2.Subacute (intermittent) primary angle-closure
glaucoma,

3. Acute primary angle-closure glaucoma, and

4. Chronic primary angle-closure glaucoma.

I CLINICAL PROFILE AND MANAGEMENT
Clinical profile of three stages of primary angle-
closure disease described below is based on the
integration of the new ISGEQ classification (based on
natural history) with traditional clinical classification
(based on the presenting symptoms).

I. Primary Angle-Closure Suspect

Primary angle-closure suspect (PACS), can be
considered analogous to the term ‘latent primary
angle-closure glaucoma’ of clinical classification.

Clinical features and diagnostic criteria
Symptoms are absent in this stage.

Presenting situations for diagnosis include:

e Suspicious clinical signs on routine ocular
examination in patients coming for some other
complaints.

« Fellow eye of the patients presenting with acute
attack of PAC.

¢ Glaucoma screening programme.

Suspicious clinical signs noted on routine ocular

examination include:

1. Eclipsessign. Eclipse sign, which indicates decreased

axial anterior chamber depth, can be elicited by

shining a penlight across the anterior chamber from

the temporal side and noting a shadow on the nasal

side (Fig. 10.17).

2. Slit-lamp biomicroscopic signs include:

e Decreased axial anterior chamber depth,

o Convex shaped iris lens diaphragm, and

e Close proximity of the iris to cornea in the
periphery.

3. Van Herick slit-lamp grading of the angle may be used

with a fair accuracy. Here, the peripheral anterior

A

B]

Fig. 10.17 Estimation of anterior chamber depth by
oblique illumination: A, normal; B, shallow

chamber depth (PACD) is compared to the adjacent
corneal thickness (CT) and the presumed angle
width is graded as follows (Fig. 10.18):

e Grade 4 (Wide open angle): PACD =3/4to 1 CT

e Grade 3 (Mild narrow angle): PACD=1/4t0 1/2 CT
e Grade 2 (Moderate narrow angle): PACD = 1/4 CT
e Grade 1 ( Extremely narrow angle): PACD < 1/4 CT
e Grade 0 (closed angle): PACD = Nil

Diagnostic tests recommended to confirm diagnosis
include:

=]OP measurement,

= Gonioscopy,

=Ultrasonic biomicroscopy (UBM),

= Anterior segment OCT,

= Optic disc evaluation, and

=Visual field analysis.

Diagnostic criteria for PAC suspect:

= Gonioscopy should reveal irido-trabecular contact
in greater than 270° angle and no peripheral
anterior synechia (PAS absent).

= JOP should be normal.

= Optic disc should show no glaucomatous change.

= Visual fields should be normal.

Impression: The angle is at risk.



Chapter 10  Glaucoma

243

Grade Slit-lamp Anatomic
s N ==
PACDf‘
(A
PACD-§
B
N <
| T (
PACD—
D]
’ (
E |

Fig. 10.18 Van Herick method of slit-lamp grading of angle

width: A, Grade IV; B, Grade lll; C, Grade II; and D, Grade I,

and E Grade 0. PACD = Peripheral anterior chamber depth;
CT = Corneal thickeners

Management

Provocative tests designed to precipitate closure of
the angle though not popular presently but can be
performed in patients with PAC suspect. These tests

may be performed in the ophthalmologist’s office,
where it can be treated promptly.
1. Prone-darkroom test was considered the most
popular and best physiological provocative test.
In this test, baseline IOP is recorded and patient is
made to lie prone in a darkroom for 1 hour. He must
remain awake so that pupils remain dilated. After 1
hour, the IOP is again measured. An increase in IOP
of more than 8 mm Hg is considered diagnostic of
PAC suspect.
2. Mydriatic provocative test is usually not preferred
nowadays because this is not physiological. In this
test either a weak mydriatic (e.g., 0.5% tropicamide)
or simultaneously a mydriatic and miotic (10%
phenylephrine and 2% pilocarpine) are used to
produce a mid-dilated pupil. A pressure rise of more
than 8 mm Hg is considered positive.
Inferences from provocative tests are:
e Positive provocative test indicates that angle is
capable of spontaneous closure.
e Negative provocative test in the presence of
occludable angles on gonioscopy does not rule out
a possibility of spontaneous closure. So, patient
should be warned of possible symptoms of an
acute attack of PAC.

Treatment comprise:

Prophylactic laser iridotomy is warranted if more
than 270° of oppositional iridotrabecular contact is
seen on gonioscopy in the fellow eye of all patients
presenting with acute PAC or PACG in one eye. If
untreated, the risk of conversion to PACG during the
next 5 years is about 50%.

Periodic follow up. Patients with PAC suspect in both
eyes need to be followed periodically and educated
about the symptoms of the disease.

II. Primary Angle-Closure

Eyes with primary angle closure (PAC) may be

considered to comprise following entities of clinical

classification:

¢ Subacute primary angle closure

o Acute PAC

¢ Chronic PAC (asymptomatic).

Defining criteria for primary angle closure (PAC)

e Irido-trabecular contact noted on gonioscopy in
greater than 270° angle,

o IOPelevated and/or peripheral anterior synechiae
(PAS) present,

e Optic disc: Normal, and

e Visual fields: Normal

Impression: Angle is abnormal either in function
(elevated IOP) and/or structure (PAS +ve).
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Subacute primary angle-closure

Subacute primary angle closure is characterized
by an attack of transient rise of IOP (40-50 mm Hg)
which may last for few minutes to 1-2 hours.
Precipitating factor such an attack in a patient with
PAC include:

= Physiological mydriasis e.g., while reading in dim
illumination, watching television or cinema in a
darkened room, or during anxiety (sympathetic
overactivity); or

= Physiological shallowing of anterior chamber after
lying in prone position.

= Pharmacological mydriasis following use of pupil
dilating drugs for fundus examination.

Symptoms include:

= Episode of subacute PAC is marked by experience
of unilateral transient blurring of vision,

= Coloured halos around light, headache, browache
and eyeache on the affected side.

= Self-termination of the attack occurs possibly due
to physiological miosis induced by bright light, sleep
or otherwise.

=Recurrent attacks of such episodes are not
uncommon. Between the recurrent attacks the eyes
are free of symptoms.

Signs. Usually, during examination the eye is white
and not congested. However, all the signs described
above in the definition of primary angle-closure
(PAC) should be elicited to table PAC.

Diagnosis is made from the defining criteria for PAC
as above.

Differential diagnosis of coloured halos in PAC.

Coloured halos during intermittent attacks of raised
IOP in PAC occur due to accumulation of fluid in the
corneal epithelium and alteration in the refractive
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condition of the corneal lamellae. Patient typically
gives history of seeing colours distributed as in the
spectrum of rainbow (red being outside and violet
innermost) while watching on a lighted bulb or the
moon.

The coloured halos in glaucoma must be
differentiated from those found in acute purulent
conjunctivitis and early cataractous changes. In
conjunctivits, halos can be eliminated by irrigating
the discharge. The halos of glaucoma and immature
cataract may be differentiated by Fincham’s test in
which a stenopaeic slit is passed across the pupil.
During this test, glaucomatous halo remains intact,
while a halo due to cataract is broken up into
segments (Fig. 10.19).

Treatment of choice is Peripheral laser iridotomy.

Acute primary angle-closure

An attack of acute rise in IOP in patients with primary
angle closure (PAC) may occur due to pupillary block
causing sudden closure of the angle. It usually does
not terminate of its own and thus if not treated lasts
for many days. It is a sight threatening emergency.
Clinical features

Symptoms include:

= Pain.Typically acute attack is characterised by
sudden onset of very severe pain in the eye which
radiates along the branches of 5th nerve.

= Nausea, vomiting and prostrations are frequently
associated with pain.

= Rapidly progressive impairment of vision, redness,
photophobia and lacrimation develop in all cases.

= Past history. About 5% patients give history of
typical previous intermittent attacks of subacute
angle-closure.
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Fig. 10.19 Emsley-Fincham stenopaeic-slit test demonstrating breaking up of halos due to immature
cataract into different segments
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Signs include (Fig. 10.20):
o Lids may be oedematous,
o Conjunctiva is chemosed, and congested, (both
conjunctival and ciliary vessels are congested),
o Cornea becomes oedematous and insensitive,
o Anterior chamber is very shallow. Aqueous flare or
cells may be seen in anterior chamber,
o Angle of anterior chamber is completely closed as
seen on gonioscopy (Shaffer grade 0),
o Iris may be discoloured,
e Pupilis semidilated, vertically oval and fixed. It is
non-reactive to both light and accommodation,
o 10P is markedly elevated, usually between 40 and
70 mm of Hg,
o Optic disc is oedematous and hyperaemic,
e Fellow eye shows shallow anterior chamber and
occludable angle.
Diagnosis
Diagnosis of an attack of acute primary angle closure
is usually obvious from the clinical features. However,
a differential diagnosis may have to be considered:
1. From other causes of acute red eye. Acute primary
angle closure sometimes needs differentiation
from other causes of inflammed red eye like acute
conjunctivitis and acute iridocyclitis (see page 158
and Table 8.1).
2. From acute secondary glaucomas such as:
e Phacomorphic glaucoma (see page 248),
 Acute neovascular glaucoma (see page 250) and
 Glaucomatocyclitic crisis (see page 169).

Management

Acute angle closure is a serious ocular emergency and
needs to be managed aggressively as below:

o Immediate medical therapy to lower IOP,

¢ Definitive treatment,

« Prophylaxis of the fellow eye, and
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Fig. 10.20 Clinical photograph of a patient with acute

congestive glaucoma. Note ciliary congestion, corneal
oedema and mid-dilated pupil

e Long-term glaucoma surveillance and IOP
management of both eyes.

A. Immediate medical therapy to lower IOP

1. Systemic hyperosmotic agents are required initially

if IOP is more than 40 mm Hg.

o Intravenous mannitol (1 gm/kg body weight)
should be preferred in the presence of nausea and
vomiting.

e Oral hyperosmotics, e.g., glycerol 1 gm/kg body
weight of 50% solution in lemon juice may be
given if well tolerated and not contraindicated (as
in diabetes mellitus).

2. Systemic carbonic anhydrase inhibitors, e.g.,

acetazolamide 500 mg IV stat followed by 250 mg

tablet 3 times a day.

3. Topical antiglaucoma drugs to be instilled

immediately include:

e Beta-blocker, e.g., 0.5% timolol or 0.5% betaxolol

e Alpha adrenergic agonists, e.g., brimonidine
0.1-0.2%.

e Prostaglandin analogue, e.g., latanoprost 0.005%.

Role of miotic therapy:

e Pilocarpine 2% QID should be started after 1 hour of
the commencement of the treatment, i.e., when IOP
is lowered, as at higher IOP sphincter is ischaemic
and unresponsive to pilocarpine.

Note. Intensive miotic therapy is not advised

nowadays. Some glaucoma experts have given up

the use of pilocarpine entirely in the management
of acute PACG.

4. Analgesics and antiemetics may be required to

alleviate the symptoms.

5. Compressive gonioscopy with a 4 mirror goniolens

may help relieve pupil block and is essential to

determine if the trabecular blockage is reversible.

6. Topical steroid, e.g., prednisolone acetate 1% or

dexamethasone eye drops administered 3-4 times a

day reduces the inflammation.

B. Definitive therapy
1. Laser peripheral iridotomy (LPI). Gonioscopy
should be performed as soon as cornea becomes
clear. Laser PI should be performed if PAS are seen
in <270° angle. LPI re-establishes communication
between posterior and anterior chamber, so it
bypasses the pupillary block and immediately
relieves the crowding of the angle.

e Laser peripheral iridotomy (with Nd:YAG laser
or Argon Laser) should always be preferred over
surgical PI. However, if lasers are not available
surgical PI should be done (see page 253 for
technique).

2. Filtration surgery, i.e., trabeculectomy should
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be performed in cases where IOP is not controlled

with the maximum medical therapy following an

attack of acute PAC or when gonioscopy reveals PAS
>270° angle and also when peripheral iridotomy is
not effective.

e Mechanism: Filtration surgery provides an
alternative to the angle for drainage of aqueous
from anterior chamber into subconjunctival space.
Surgical technique. (see page 254).

3. Clear lens extraction by phacoemulsification with
intraocular lens implantation has recently been
recommended by some workers, especially in the
presence of phacomorphic etiology (diagnosed on
UBM).
C. Prophylactic treatment in the normal fellow eye
Prophylactic laser iridotomy (preferably) or surgical
peripheral iridectomy should be performed on the
fellow asymptomatic eye (PACS) as early as possible
as chances of acute attack are 50% in such eyes.
D. Long-term glaucoma surveillance and IOP man-
agement in both eyes
Long-term glaucoma surveillance and IOP
management in both eyes of a patient with acute PAC
ismust to ultimately prevent glaucomatous blindness:
= Eyes treated with PI (both affected and fellow eye)
may develop PACG at any time. So, it should be
treated as and when required.

= Filtration surgery may fail anytime during the course

and hence need to be repeated with antimetabolites.

Sequelae of acute PAC

Clinical status of the eye after an attack of acute PAC

with or without treatment is considered a sequelae of

acute PAC. It may be seen as following clinical settings:

1. Postsurgical acute PAC. This refers to the clinical

status of the eye after laser peripheral iridotomy (PI)

treatment for an attack of acute PAC. It may occur in
two clinical settings:

i. With normalized IOP after successful laser PI,
the eye usually quitens after sometime with or
without marks of an acute attack (i.e., Vogt's triad,
see below).

ii. With raised I0OP after unsuccessful laser P1, which
needs to be treated by trabeculectomy operation.

2. Spontaneous angle reopening may occur very rarely

in some cases and the attack of acute PAC may

subside itself without treatment.
Treatment of choice for such cases is laser
peripheral iridotomy.

3. Ciliary body shut down. It refers to temporary

cessation of aqueous humour secretion due to

ischaemic damage to the ciliary epithelium after an
attack of acute PAC.

Clinical features in this stage are similar to acute
PAC except that the IOP is low and pain is markedly
reduced. Subsequent recovery of ciliary function
may lead to chronic elevation of IOP with cupping
and visual field defects, i.e., PACG.

Treatment includes:

e Topical steroid drops to reduce inflammation.

e Laser peripheral iridotomy should be performed
when cornea becomes clear and IOP should be
monitored.

e Trabeculectomy is required when IOP rises
constantly.

4. Vogt’s triad. It may be seen in both treated and

non-treated cases after an attack of acute PAC. It is

characterized by:

o Glaukomflecken (anterior subcapsular lenticular
opacity),

 Patches of iris atrophy, and

o Slightly dilated nonreacting pupil (due to sphincter
atrophy).

IIL. Primary Angle-Closure Glaucoma
Primary angle closure glaucoma (PACG) can
be considered analogous to the term ‘chronic
primary angle closure glaucoma’ used in the clinical
classification.

Pathogenesis

Primary angle-closure glaucoma (PACG) results from
gradual synechial closure of the angle of anterior
chamber. Untreated patients with PAC may over the
period covert to PACG with or without history of
subacute or acute attack of PAC.

Clinical features

PACG may clinically manifest as subacute, acute or
chronic PACG.

Subacute and acute PACG clinically present as
similar to subacute and acute PAC, respectively
(see page 244); except that glaucomatous optic disc
changes and visual field defects are always present
in PACG.

Chronic PACG. Clinical features, given below, are
similar to POAG except that angle closure is present:
= Intraocular pressure (IOP) remains constantly
raised.

= Eyeball remains white (no congestion) and painless,
except in post acute angle closure cases where the
eye may be congested and irritable.

= Optic disc shows glaucomatous cupping.

= Visual field defects similar to POAG occur (see page
232).

= Gonioscopy reveals more than 270° of angle closure
along with peripheral anterior synechiae (PAS). The
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gonioscopic findings provide the only differentiating

feature between POAG and chronic PACG.

Diagnosis

Defining criteria for primary angle closure glaucoma

(PACG) as per ISGEO classification is:

e Irido-trabecular contact is noted on gonioscopy in
greater than 270° of angle,

e PAS are formed,

e IOPis elevated,

o Optic disc shows glaucomatous damage, and

o Visual fields show typical glaucomatous defects.

Impression: Angle is abnormal in function (elevated
IOP) and structure (PAS + ve) with optic neuropathy.
Note. In circumstances where advanced PACG
disease with compromised media prohibits disc and
visual field testing, e.g., cataract or corneal disease,
a coarser definition holds for PACG whereby an IOP
> 24 mm Hg and visual acuity of < 3/60 or a history
of prior glaucoma surgery, will suffice.

Treatment

o Laseriridotomy alone or alongwith medical therapy
similar to POAG (see page 236) should be tried first.

e Trabeculectomy (filtration surgery) is needed when
the above treatment fails to control IOP.

e Prophylactic laser iridotomy in fellow eye must also
be performed.

Absolute Primary Angle-closure Glaucoma
Primary angle closure glaucoma, if untreated,
gradually passes into the final phase of absolute
glaucoma.

Clinical features

e Painful blind eye. The eye is painful, irritable and
completely blind (no light perception).

e Perilimbal reddish blue zone, i.e., a slight ciliary
flush around the cornea due to dilated anterior
ciliary veins.

o Caput medusae, i.e., afew prominent and enlarged
vessels are seen in long-standing cases.

o Corneain early casesis clear but insensitive. Slowly
itbecomes hazy and may develop epithelial bullae
(bullous keratopathy) or filaments (filamentary
keratitis).

o Anterior chamber is very shallow.

o Iris becomes atrophic.

e Pupil becomes fixed and dilated and gives a
greenish hue.

o Optic disc shows glaucomatous optic atrophy.

e Intraocular pressure is high; eyeball becomes
stony hard.

Management of absolute glaucoma

1. Retrobulbar alcohol injection: It may be given to
relieve pain. First, 1 ml of 2% xylocaine is injected
followed after about 5-10 minutes by 1 ml of 80%
alcohol. It destroys the ciliary ganglion.

2. Destruction of secretory ciliary epitheliumto lower the
IOP may be carried out by cyclocryotherapy (see page
256) or cyclodiathermy or cyclophotocoagulation.

3. Enucleation of eyeball. It may be considered when
pain is not relieved by conservative methods. The
frequency with which a painful blind eye with high
IOP contains a malignant growth, justifies its removal.
(For surgical technique of enucleation see page 308).
Complications

Absolute glaucoma, if not treated, following
complications may occur due to prolonged high IOP:
Cornealulceration. It results from prolonged epithelial
oedema and insensitivity. Sometimes, corneal ulcer
may even perforate.

Staphyloma formation. As a result of continued high
IOP, sclera becomes very thin and atrophic and
ultimately bulges out either in the ciliary region
(ciliary staphyloma) or equatorial region (equatorial
staphyloma).

Atrophic bulbi. Ultimately the ciliary body
degenerates, IOP falls and the eyeball shrinks.

] SECONDARY GLAUCOMAS

Secondary glaucoma per se is not a disease entity,
but a group of disorders in which rise of intraocular
pressure is associated with some primary ocular
or systemic disease. Therefore, clinical features
comprise that of primary disease and that due to
effects of raised intraocular pressure.

Classification

A. Depending upon the mechanism of rise in IOP

1. Secondary open angle glaucomas in which
aqueous outflow may be blocked by:
o Pretrabecular membrane,
 Trabecular clogging,
o Oedema and scarring or
o Post-trabecular elevated episcleral venous

pressure.

2. Secondary angle closure glaucomas which may or

may not be associated with pupil block.

B. Depending upon the causative primary disease,

secondary glaucomas are named as follows:

1. Lens-induced (phacogenic) glaucomas.

2. Inflammatory glaucoma (glaucoma due to
intraocular inflammation).
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Pigmentary glaucoma.

Neovascular glaucoma.

5. Glaucomas associated with iridocorneal
endothelial syndromes.

6. Pseudoexfoliative glaucoma.

7. Glaucomas associated with intraocular
haemorrhage.

8. Steroid-induced glaucoma.

9. Traumatic glaucoma.

10. Glaucoma-in-aphakia.

11. Glaucoma associated with intraocular tumours.

B LENS-INDUCED (PHACOGENIC) GLAUCOMAS
In this group IOP is raised secondary to some
disorder of the crystalline lens. Lens induced
glaucoma can be classified as below:

-~

Lens-induced secondary angle closure glaucoma

e Phacomorphic glaucoma (due to swollen lens)

e Phacotopic glaucoma (due to anterior lens
displacement).

Lens-induced secondary open angle glaucoma
o Phacolytic glaucoma

e Lens particle glaucoma

o Phacoanaphylactic glaucoma.

1. Phacomorphic Glaucoma

Causes. Phacomorphic glaucoma is an acute
secondary angle-closure glaucoma caused by:

= Intumescent lensi.e., swollen cataractous lens due to
rapid maturation of cataract or sometimes following
traumatic rupture of capsule is the main cause of
phacomorphic glaucoma.

= Anterior subluxation or dislocation of the lens and
spherophakia (congenital small spherical lens) are
causes of phacotopic (a variant of phacomorphic)
glaucoma.

Pathogenesis. The swollen lens pushes the iris forward
and oblitrates the angle resulting in secondary acute
angle closure glaucoma. Further, the increased
iridolenticular contact also causes potential pupillary
block and iris bombe formation.

Clinical presentation. Phacomorphic glaucoma
presents as acute congestive glaucoma with features
almost similar to acute primary angle-closure (see
page 244) except that the lens is always cataractous
and swollen (Fig. 10.21). Demonstration of deep
anterior chamber and open angle in the fellow eye
helps in differentiating from the acute primary angle
closure glaucoma.

Treatment should be immediate and consists of:
o Medical treatment to control IOP by IV mannitol,
systemic acetazolamide and topical beta-blockers.

Fig. 10.21 Phacomorphic glaucoma. Note ciliary
congestion, dilated pupil and infumescent senile
cataractous lens

e Laser iridotomy may be effective in breaking the
angle-closure attack.

e Cataract extraction with implantation of PCIOL
(which is the main treatment of phacomorphic
glaucoma) should be performed once the eye
becomes quiet.

2. Phacolytic Glaucoma (Lens Protein
Glaucoma)

Pathogenesis. It is a type of secondary open angle
glaucoma, in which trabecular meshwork is clogged
by the lens proteins, macrophages which have
phagocytosed the lens proteins, and inflammatory
debris. Leakage of the lens proteins occurs through
an intact capsule in the hypermature (Morgagnian)
cataractous lens.

Clinical features. The condition is characterised by:

o Features of acute congestive glaucoma (see page
244) due to an acute rise of IOP in an eye having
hypermature cataract.

o Anterior chamber may become deep and aqueous
may contain fine white protein particles, which
settle down as pseudohypopyon.

o Anterior chamber angle is open on gonioscopy.

Management consists of:

e Medical therapy to lower the IOP (see page 236)
followed by

o Extraction of the hypermature cataractous lens with
PCIOL implantation.

3. Lens Particle Glaucoma
Pathogenesis. It is a type of secondary open angle
glaucoma, in which trabecular meshwork is blocked



Chapter 10  Glaucoma

249

by the lens particles floating in the aqueous humour.
It may occur due to lens particles left after accidental
or planned extracapsular cataract extraction or
following traumatic rupture of the lens.

Clinical features. Symptoms of acute rise in IOP
(see page 243) associated with lens particles in the
anterior chamber.

Management includes:

o Medical therapy to lower IOP (see page 236) and

o Irrigation-aspiration of the lens particles from the
anterior chamber.

4. Phacoantigenic Glaucoma

In this condition, there occurs fulminating acute
inflammatory reaction due to antigen (lens
protein)—antibody reaction. The mechanism of
rise in IOP and its management is similar to that of
acute inflammatory glaucoma. Typical finding is a
granulomatous inflammation in the involved eye
after it goes surgical trauma.

Pathogenesis. As in the case of lens particle
glaucoma, there is usually a preceding disruption
oflens capsule by extracapsular cataract extraction,
penetrating injury, or leak of proteins from the
capsule. Distinguishing feature is a latent period
during which sensitization to the lens proteins
occurs. IOP is then raised due to inflammatory
reaction of the uveal tissue excited by the lens
matter. Basically, it is also a type of secondary open
angle glaucoma where trabecular meshwork is
clogged by both inflammatory cells and the lens
particles.

Management consists of:

e Medical therapy to lower 10P,

e Treatment of iridocyclitis with steroids and
cycloplegics.

o Irrigation-aspiration of the lens matter from
anterior chamber (if required) should always be
done after proper control of inflammation.

B GLAUCOMAS DUETO UVEITIS

The IOP can be raised by varied mechanisms in
inflammations of the uveal tissue (iridocyclitis). Even
in other ocular inflammations such as keratitis and
scleritis, the rise in IOP is usually due to secondary
involvement of the anterior uveal tract.

Types
I. Non-specific inflammatory glaucomas, and
II. Specific hypertensive uveitis syndromes.

I. Non-Specific Inflammatory Glaucoma
Based on the mechanism of rise in IOP the
inflammatory glaucoma can be:

o Open-angle inflammatory glaucoma, and
o Angle-closure inflammatory glaucoma.

1. Open-angle inflammatory glaucoma
Clinically, the open-angle inflammatory glaucoma
may manifest as acute or chronic entity.

i. Acute open-angle inflammatory glaucoma
Mechanisms of rise in IOP. The acute open-angle
glaucoma occurs due to trabecular clogging (by
inflammatory cells, exudates and turbid aqueous
humour), trabecular oedema (due to associated
trabeculitis), and prostaglandin-induced rise in IOP.
Clinical features. It is characterized by features of
acute iridocyclitis associated with raised IOP with
open-angle of anterior chamber. IOP usually returns
to normal after the acute episode of inflammation.
Management. Itincludes treatment of iridocyclitis and
medical therapy to lower IOP by use of hyperosmotic
agents, acetazolamide and beta-blocker eye drops
(timolol or betaxolol).

ii. Chronic open angle inflammatory glaucoma
Mechanism of rise in IOPincludes chronic trabeculitis,
and trabecular scarring.

Clinical features include raised IOP, open angle, no
active inflammation but signs of previous episode
of uveitis are often present. Some chronic cases may
also have signs of glaucomatous disc changes and
field defects.

Treatment consist of:

= Medical therapy with topical beta-blockers, and/
or carbonic anhydrase inhibitors and alpha agonist
may be useful. Preferably avoid pilocarpine and
prostaglandin agonists.

= Trabeculectomy, under cover of steroids, may be
tried, if medical treatment fails. The results are
usually poorer than POAG, but can be improved
by augmented trabeculectomy or tube procedures.
= Cyclodestructive procedures (e.g. cyclodiode) may
need to be considered if surgical treatment fails.

2. Angle-closure inflammatory glaucoma
When uveitis is not treated, over the period PAS are
formed causing synechiae angle closure.

Mechanisms of rise in IOP include:

= Secondary angle-closure with pupil block. Pupillary
block due to annular synechiae or occlusio pupillae
leads to iris bombe formation followed by angle
closure.

= Secondary angle-closure without pupil block occurs
due to organisation of the inflammatory debris in the
angle, which on contraction pulls the iris over the
trabeculum. It is followed by gradual and progressive
synechial angle closure with eventual elevation of IOP.
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Clinical features include raised IOP, seclusio papillae,
iris bombe, shallow anterior chamber.

Management includes prophylaxis and curative

treatment.

1. Prophylaxis. Acute iridocyclitis should be treated
energetically with local steroids and atropine to
prevent formation of synechiae.

2. Curative treatment. It consists of medical therapy
to lower IOP (miotics are contraindicated).
Surgical or laser iridotomy may be useful in pupil
block without angle closure. Filtration surgery
may be performed (with guarded results) in the
presence of angle closure.

II. Specific Hypertensive Uveitis Syndromes
These include:

= Fuchs’ uveitis syndrome (see page 169) and

= Glaucomatocyclitic crisis (see page 169).

B PIGMENTARY GLAUCOMA

It is a type of secondary open-angle glaucoma
wherein clogging up of the trabecular meshwork
occurs by the pigment particles. About 50% of
patients with the Pigment dispersion syndrome (PDS)
develop glaucoma.

Pathogenesis. Exact mechanism of pigment shedding
is not known. It is believed that, perhaps, pigment
release is caused by mechanical rubbing of the
posterior pigment layer of iris with the zonular fibrils.

Clinical features include:

e Young myopic males typically develop this
glaucoma.

e Characteristic glaucomatous features are similar to
primary open angle glaucoma (POAG), associated
with.

e Deposition of pigment granules in the anterior
segment structures such as iris, posterior surface
of the cornea (Krukenberg’s spindle), trabecular
meshwork, ciliary zonules and the crystalline
lens.

e Gonioscopy shows pigment accumulation
along the Schwalbe’s line especially inferiorly
(Sampadolesi’s line).

o Iris transillumination shows radial slit-like
transillumination defects in the mid periphery
(pathognomic feature).

Treatment. It is exactly on the lines of primary open
angle glaucoma.

M NEOVASCULAR GLAUCOMA (NVG)

It is an intractable glaucoma which results due to
formation of neovascular membrane involving the
angle of anterior chamber.

Etiology. It is usually associated with neov-
ascularization of iris (rubeosis iridis). Neov-
ascularization develops following retinal ischaemia,
which is a common feature of:

o Proliferative diabetic retinopathy,

¢ Central retinal vein occlusion,

o Sickle-cell retinopathy, and

o Eales’ disease.

e Other rare causes are chronic intraocular
inflammations, intraocular tumours, long-
standing retinal detachment and central retinal
artery occlusion.

Clinical profile. NVG occurs in three stages:

1. Pre-glaucomatous stage (stage of rubeosis iridis);

2. Open-angle glaucoma stage—due to formation of
a pretrabecular neovascular membrane; and

3.Secondary angle closure glaucoma—due to
goniosynechiae resulting from contracture of the
neovascular membrane (zipper angle closure).

Treatment of NVG is usually frustrating, includes:

e Panretinal photocoagulation may be carried out
to prevent further neovascularization.

o Medical therapy and conventional filtration surgery
are usually not effective in controlling the IOP.

e Glaucoma drainage device, i.e., artificial filtration
shunt (Seton operation) may control the IOP.

B GLAUCOMA ASSOCIATED WITH INTRAOCULAR
TUMOURS

Secondary glaucoma due to intraocular tumours

such as malignant melanoma (of iris, choroid, ciliary

body) and retinoblastoma may occur by one or more

of the following mechanisms:

e Trabecular block due to clogging by tumour cells
or direct invasion by tumour seedlings.

e Neovascularization of the angle.

o Venous stasis following obstruction of the vortex
veins.

o Angle closure due to forward displacement of iris-
lens diaphragm by increasing tumour mass.

Treatment. Enucleation of the eyeball should be
carried out as early as possible.

B PSEUDOEXFOLIATIVE GLAUCOMA
(GLAUCOMA CAPSULARE)

Pseudoexfoliation syndrome (PES) is characterised

by deposition of an amorphous grey dandruff-like

material on the pupillary border, anterior lens

surface, posterior surface of iris, zonules and ciliary

processes.

o Exact source of the exfoliative material is still not
known.



Chapter 10  Glaucoma

251

o Secondary open-angle glaucoma is associated in
about 50% of the cases.

e Exact mechanism of rise of IOP is also not clear.
Trabecular blockage by the exfoliative material is
considered as the probable cause.

e Clinically, the glaucoma behaves like POAG and is
thus managed on the same lines.

I GLAUCOMAS-IN-APHAKIA/PSEUDOPHAKIA
It is the term used to replace the old term ‘aphakic
glaucoma’ It implies association of glaucoma with
aphakia or pseudophakia. It includes following
conditions:

1. Raised IOP with deep anterior chamber in early
postoperative period. It may be due to hyphaema,
inflammation, retained cortical matter or vitreous
filling the anterior chamber.

2.Secondary angle-closure glaucoma due to flat
anterior chamber. It may occur following long-
standing wound leak.

3.Secondary angle-closure glaucoma due to pupil
block. It may occur following formation of annular
synechiae or vitreous herniation.

4.Undiagnosed pre-existing primary open-angle
glaucoma may be associated with aphakia.
pseudophakia.

5.Steroid-induced glaucoma. It may develop in
patients operated for cataract due to postoperative
treatment with steroids.

6. Epithelial ingrowth may cause an intractable
glaucoma in late postoperative period by invading
the trabeculum and the anterior segment
structures.

7. Aphakic/pseudophakic malignant glaucoma (see
page 252).

I STEROID-INDUCED GLAUCOMA

Itis a type of secondary open-angle glaucoma which
develops following topical, and sometimes systemic
steroid therapy.

Etiopathogenesis. It has been postulated that the
response of IOP to steroids is genetically determined.
Roughly, 5% of general population is high steroid
responder (develop marked rise of IOP after about 6
weeks of steroid therapy), 35% are moderate and 60%
are non-responders.

Mechanism responsible for the obstruction to
aqueous outflow is unknown. Following theories
have been put forward:
= Glycosaminoglycans (GAG) theory. Corticosteroids
inhibit the release of hydrolases (by stabilizing
lysosomal membrane). Consequently, the GAGs
present in the trabecular meshwork cannot
depolymerize and they retain water in the

extracellular space. This leads to narrowing of
trabecular spaces and decrease in aqueous outflow.
= Endothelial cell theory. Under normal circumstances
the endothelial cells lining the trabecular meshwork
act as phagocytes and phagocytose the debris from
the aqueous humour. Corticosteroids are known
to suppress the phagocytic activity of endothelial
cells leading to collection of debris in the trabecular
meshwork and decreasing the aqueous outflow.
=Prostaglandin theory. Prostaglandin E and F
(PGE and PGF) are known to increase the aqueous
outflow facility. Corticosteroids can inhibit the
synthesis of PGE and PGF leading to decrease in
aqueous outflow facility and increase in IOP.
Clinical features. Steroid-induced glaucoma typically
resembles POAG (see page 229). It usually develops
following weeks of topical therapy with strong
steroids and months of therapy with weak steroids.
Management. It can be prevented by a judicious use
of steroids and a regular monitoring of IOP when
steroid therapy is a must.
Treatment consists of:
e Discontinuation of steroids. IOP may normalise
within 10 days to 4 weeks in 98% of cases.
e Medical therapy with 0.5% timolol maleate is
effective during the normalisation period.
e Filtration surgery is required occasionally in
intractable cases.

B TRAUMATIC GLAUCOMA
A secondary glaucoma may complicate perforating
as well as blunt injuries.

Mechanisms.Traumatic glaucoma may develop by

one or more of the following mechanisms:

e Inflammatory glaucoma due to iridocyclitis (see
page 249).

e Glaucoma due to intraocular haemorrhage (see
page 252).

o Lens-induced glaucoma due to ruptured, swollen
or dislocated lens (see page 248).

o Angle-closure due to peripheral anterior synechiae
formation following perforating corneal injury
producing adherant leucoma.

e Epithelial or fibrous in growth, may involve
trabeculum.

o Angle recession (cleavage) glaucoma. Angle
recession refers to rupture in the ciliary body face
(between scleral spur and iris root). Unilateral
open angle glaucoma usually occurs after years
(may be 10 years) of blunt trauma. Angle recession
is not the cause of glaucoma but just indicator
of old trauma. Glaucoma occurs due to slowly-
induced fibrosis of trabecular meshwork.
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Management includes:

e Medical therapy with topical 0.5% timolol and oral
acetazolamide,

o Treatment of associated causative mechanism (e.g.,
atropine and steroids for control of inflammation),
and

o Surgical intervention according to the situation.

Il CILIARY BLOCK GLAUCOMA

Ciliary block glaucoma (originally termed as
malignant glaucomay) is a rare condition which may
occur as a complication of any intraocular operation.
It classically occurs in patients with primary angle
closure glaucoma operated for peripheral iridectomy
or filtration (e.g., trabeculectomy) surgery. It is
characterised by a markedly raised IOP associated
with shallow or absent anterior chamber.
Mechanism of rise in IOP. It is believed that, rarely
following intraocular operation, the tips of ciliary
processes rotate forward and press against the
equator of the lens in phakic eyes (cilio-lenticular
block) or against the intraocular lens in pseudophakic
eyes (cilio-IOL block) or against the anterior hyaloid
phase of vitreous in aphakic eyes (cilio-vitreal block)
and thus block the forward flow of aqueous humour,
which is diverted posteriorly and collects as aqueous
pockets in the vitreous (Fig. 10.22). As a consequence
of this the irislens diaphragm is pushed forward, IOP
is raised and anterior chamber becomes flat.
Clinical features. Patient develops severe pain and
blurring of vision following any intraocular operation

Fig. 10.22 Pockets of aqueous humour in the vitreous in
patients with ciliary-block glaucoma

(usually after peripheral iridectomy, filtering surgery

or trabeculectomy in patients with primary angle-

closure glaucoma). On examination the main

features of the ciliary block glaucoma noted are:

o Persistent flat anterior chamber following any
intraocular operation,

o Markedly raised IOP in early postoperative period,

 Negative Seidel’s test and

o Unresponsiveness or even aggravation by miotics.

o Malignant glaucoma may be phakic, aphakic or
pseudophakic.

Management includes:

Medical therapy consists of 1% atropine drops or
ointment to dilate ciliary ring and break the cilio-
lenticular or cilio-vitreal contact, acetazolamide
250 mg QID and 0.5% timolol maleate eyedrops
to decrease aqueous production, and intravenous
mannitol to cause deturgescence of the vitreous gel.
YAG laser hyaloidotomy can be undertaken in aphakic
and pseudophakic patients. If the condition does not
respond to medical therapy in 4-5 days.

Surgical therapy in the form of pars plana vitrectomy
with or without lensectomy (as the case may be) is
required when the above measures fail. It is usually
effective, but sometimes the condition tends to recur.

Note. Itisimportant to note that the fellow eye is also
prone to meet the same fate.

B GLAUCOMAS ASSOCIATED WITH
INTRAOCULAR HAEMORRHAGES

Intraocular haemorrhages include hyphaema and/

or vitreous haemorrhage due to multiple causes.

These may be associated with following types of

glaucomas:

1. Red cell glaucoma. It is associated with fresh
traumatic hyphaema. It is caused by blockage
of trabeculae by RBCs in patients with massive
hyphaema (anterior chamber full of blood). It may be
associated with pupil block due to blood clot. Blood
staining of the cornea may develop, if the IOP is not
lowered within a few days.

2. Haemolytic glaucoma. It is an acute secondary open
angle glaucoma due to the obstruction (clogging) of
the trabecular meshwork caused by macrophages
laden with lysed RBC debris.

3. Ghost cell glaucoma. It is a type of secondary
open angle glaucoma which occurs in aphakic or
pseudophakic eyes with vitreous haemorrhage. After
about 2 weeks of haemorrhage the RBCs degenerate,
lose their pliability and become khaki-coloured cells
(ghost cells) which pass from the vitreous into the
anterior chamber, and block the pores of trabeculae
leading to rise in IOP.
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4. Hemosiderotic glaucoma. It is a rare variety of
secondary glaucoma occurring due to sclerotic
changes in trabecular meshwork caused by the
iron from the phagocytosed haemoglobin by the
endothelial cells of trabeculum.

B GLAUCOMAS ASSOCIATED WITH
IRIDOCORNEAL ENDOTHELIAL SYNDROMES
Iridocorneal endothelial (ICE) syndromes include
three clinical entities:
 Progressive iris atrophy,
e Chandler’s syndrome, and
o Cogan-Reese syndrome.
Pathogenesis. The common feature of the ICE
syndromes is the presence of abnormal corneal
endothelial cells which proliferate to form an
endothelial membrane in the angle of anterior
chamber. Glaucoma is caused by secondary
synechial angle-closure as a result of contraction of
this endothelial membrane.
Clinical features. The ICE syndromes typically affect
middle-aged women. The raised IOP is associ-
ated with characteristic features of the causative
condition.
=In ‘progressiveiris atrophy, iris features predominate
with marked corectopia, atrophy and hole formation.
=While in Chandler’s syndrome, changes in iris are
mild to absent and the corneal oedema even at
normal IOP predominates.
=Hallmark of Cogan-Reese syndrome is nodular or
diffuse pigmented lesions of the iris (therefore also
called as iris naevus syndrome) which may or may
not be associated with corneal changes.

Treatment is usually frustating:

o Medical treatment is often ineffective,

e Trabeculectomy operation usually fails,

o Glaucoma drainage device i.e., artificial filtration
shunt may control the IOP.

I SURGICAL PROCEDURES FOR
GLAUCOMA

B PERIPHERAL IRIDECTOMY

Indications

1. Treatment of all stages of primary angle-closure
glaucoma.

2. Prophylaxis in the fellow eye.

Note. Laser iridotomy should always be preferred
over surgical iridectomy.

Surgical technique (Fig. 10.23)

1. Incision. A 4 mm limbal or preferably corneal
incision is made with the help of razor blade
fragment.

Fig. 10.23 Technique of peripheral iridectomy: A, anterior

limbal incision to open the anterior chamber; B, prolapse

of peripheral iris by pressure at the posterior lip of the

incision; C, excision of the prolapsed knuckle of the iris by
de Wecker’s scissors; D, suturing the wound

2.Iris prolapsed. The posterior lip of the wound is
depressed so that the iris prolapses. If the iris does
not prolapse, itis grasped at the periphery with iris
forceps.

3. Iridectomy. A small full thickness piece of iris is
excised by de Wecker’s scissors.

4. Reposition of iris. Iris is reposited back into the
anterior chamber by stroking the lips of the wound
or with iris repositors.

5. Wound closure is done with one or two 10-0 nylon
sutures with buried knots.

6. Subconjunctival injection of dexamethasone 0.25
ml and gentamicin 0.5 ml is given.

7. Patching of eye is done with a sterile eye pad and
sticking plaster.

[ GONIOTOMY AND TRABECULOTOMY
These operations are indicated in congenital and
developmental glaucomas (For details, see page 227)

Il FILTERING OPERATIONS

Filtering operations provide a new channel for
aqueous outflow and successfully control the IOP
(below 21 mm of Hg). Filtration operations can be
grouped as below:

A. External filteration surgery
1. Free-filtering operations (Full thickness fistula).
These are no longer performed nowadays, because
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of high rate of postoperative complications.
Their names are mentioned only for historical
interest. These operations included Elliot’s sclero-
corneal trephining, punch sclerectomy, Scheie’s
thermosclerostomy and iridencleisis.

2. Guarded filtering surgery (Partial thickness fistula
e.g., trabeculectomy).

3. Non-penetrating filtration surgery e.g., deep
sclerectomy and viscocanalostomy.

B. Internal filteration surgery
Note. Salient features of few important filteration
operations are described here.

A. External Filtration Surgery

Trabeculectomy

Trabeculectomy, first described by Carain in 1980
is the most frequently performed partial thickness
filtering surgery till date.

Indications

1. Primary angle-closure glaucoma with peripheral
anterior synechial involving more than 270° angle
or where PI and medical treatment fail.

2. Primary open-angle glaucoma not controlled with
medical treatment.

3. Congenital and developmental glaucomas where
trabeculotomy and goniotomy fail.

4. Secondary glaucomaswhere medical therapy is not
effective.

Mechanisms of filtration

1. Anew channel (fistula) is created around the margin
of scleral flap, through which aqueous flows from
anterior chamber into the subconjunctival space.

2.1f the tissue is dissected posterior to the scleral
spur, a cyclodialysis may be produced leading to
increased uveoscleral outflow.

3.When trabeculectomy was introduced, it was
thought that aqueous flows through the cut ends
of Schlemm’s canal. However, now itis established
that this mechanism has a negligible role.

Surgical technique is as below: (Fig. 10.24)

1. Initial steps of anaesthesia, cleansing, draping,
exposure of eyeball and fixation with superior
rectus suture are similar to cataract operation (see
page 201).

2. Conjunctival flap (Fig. 10.24A). A fornix-based or
timbal-based conjunctival flap is fashioned and
the underlying sclera is exposed. The Tenon'’s
capsule is cleared away using a Tooke’s knife, and
haemostasis is achieved with cautery.

3.Scleral flap (Fig. 10.24B). A partial thickness
(usually half) limbal-based scleral flap of 5 mm x
5 mm size is reflected down towards the cornea.

Fig. 10.24 Technique of trabeculectomy: A, fornix-based

conjunctival flap; B & C, partial thickness scleral flap and

excision of trabecular tissue; D, peripheral iridectomy and
closure of sclera) flap; E, closure of conjunctival) flap

4. Excision of trabecular tissue (Fig. 10.24B): A narrow
strip (4 mm x 2 mm) of the exposed deeper sclera
near the cornea containing the canal of Schlemm
and trabecular meshwork is excised.

5. Peripheral iridectomy (Fig. 10.24C) is performed
at 12 O’clock position with de Wecker’s scissors.
6. Closure. The scleral flap is replaced and 10-0 nylon
sutures are applied. Then the conjunctival flap is
reposited and sutured with two interrupted sutures
(in case of fornix based flap) or continuous suture

(in case of limbal-based flap) (Fig. 10.24D).

7. Subconjunctival injections of dexamethasone and
gentamicin are given.

8. Patching. Eye is patched with a sterile eye pad and
sticking plaster or a bandage.

Complications

A few common complications are postoperative
shallow anterior chamber, hyphaema, iritis,
cataract due to accidental injury to the lens, and
endophthalmitis (not very common).

Use of antimetabolites with trabeculectomy

It is recommended that antimetabolites should
be used for wound modulation, when any of the
following risk factors for the failure of conventional
trabeculectomy are present:
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1. Previous failed filtration surgery.

2.Glaucoma in aphakia.

3. Certain secondary glaucomas e.g., inflammatory
glaucoma, post-traumatic angle recession
glaucoma, neovascular glaucoma and glaucomas
associated with ICE syndrome.

4.Patients treated with topical antiglaucoma
medications (particularly sympathomimetics) for
over three years.

5. Chronic cicatrizing conjunctival inflammation.

Antimetabolite agents. Either 5-fluorouracil (5-FU)
or mitomycin-C can be used. Mitomycin-C is only
used at the time of surgery. A sponge soaked in 0.02%
(2 mgin 10 ml) solution of mitomycin-C is placed at
the site of filtration between the scleral and Tenon’s
capsule for 2 minutes, followed by a thorough
irrigation with balanced salt solution.

Use of collagen implant with glaucoma filtration
surgery has been recommended as an alternative to
mitomycin-C for modulating wound healing in high
risk cases mentioned above. Its effectively is similar
to MMC and eliminates the complications associated
with MMC. However, collagen matrix implant is
more expensive.

Technique. Usually a 6 mm diameter and 1 mm thick
implant is sutured over the scleral flap.

Sutureless trabeculectomy

1. Initial steps, and

2.Conjuctival flap fashioning is similar to
conventional trabeculectomy.

3. Sclero-corneal valvular tunnel, 4 mm x 4 mm in
size, is made by first making 4 mm partial thickness
scleral groove about 2.5 mm away from the superior
limbus with the help of a razor blade fragment (Fig.
10.25A). A 4 mm wide sclero-corneal tunnel which
extends about 1.5 mm in the clear cornea is then
made with the help of a crescent knife (Fig. 10.25B).

4. Entry into the anterior chamber is made with the
help of a sharp 3.2 mm angled keratome.

5. Punching of posterior lip of the anterior chamber
entry site. (Fig. 10.25C) is then performed with the
help of a Kelly’s punch (see Fig. 26.61) to make a
sclerostomy of about 2 mm x 2 mm in size.

6. Peripheral iridectomy (Fig. 10.25D) is performed at
12 O’clock position with the help of de Wecker’s or
Vanna’s scissors.

7. Closure. Anterior chamber is filled with balanced
salt solution (BSS) or air to close the valvular
sclero-corneal tunnel incision. Conjunctival flap
is reposited and anchored with wet-field cautery.

Fig. 10.25 Sutureless trabeculectomy

Non-penetrating filteration surgeries

Recently some techniques of non-penetrating
filteration surgery (in which anterior chamber
is not entered) have been advocated to reduce
the incidence of postoperative endophthalmitis,
overfiltration and hypotony. Main disadvantage of
nonpenetrating filteration surgery is inferior IOP
control as compared to conventional trabeculectomy.
The two currently used procedures are:

1. Deep sclerectomy. In this procedure, after making
a partial thickness scleral flap, (as in conventional
trabeculectomy, Fig.10.24A), a second deep partial-
thickness scleral flap is fashioned and excised
leaving behind a thin membrane consisting of
very thin sclera, trabeculum and Descemet’s
membrane (through which aqueous diffuses out).
The superficial scleral flap is loosly approximated
and conjunctival incision is closed.

2. Viscocanalostomy. It is similar to deep sclerectomy,
except that after excising the deeper scleral flap, high
viscosity viscoelastic substance is injected into the
Schlemm’s canal with a special cannula.

B. Internal Filteration Surgeries

Internal filteration surgeries, also called as canal-
based procedure, are newer techniques that restore
filteration through Schlemm’s canal. These are
designed to keep the normal anatomy and to be
conjunctival bleb free; and thus reducing the risk of
long-term endophthalmitis and ocular hypotomy.
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These procedure includes:

1. Canaloplasty, i.e., dilatation and circumferential,
traction of canal using 10-0 prolene suture.

2. Trabectome involves an ab interno microcautery
that ablates the trabecular meshwork and inner wall
of Schlemm’s canal.

3. iStent, is a titanium micro device that is placed
inside the Schlemm’s canal. It allows the aqueous
humor to flow directly into the canal bypassing the
trabecular meshwork.

I GLAUCOMA DRAINAGE DEVICE OPERATIONS

Glaucoma drainage device or the so called glaucoma

valve implants are plastic devices which allow

aqueous outflow by creating a communication

between the anterior chamber and sub-Tenon'’s

space. The operation using glaucoma valve implant

is also known as Seton operation.

Glaucoma drainage device commonly used include

Molteno (Fig. 10.26) Krupin-Denver and Ahmed

glaucoma valve (AGV).

Indications of artificial drainage shunts include:

o Neovascular glaucoma,

¢ Glaucoma with aniridia, and

o Intractable cases of primary and secondary
glaucoma where even trabeculectomy with adjunct
antimetabolite therapy fails.

Ex-PRESS glaucoma implant

Ex-PRESS glaucoma implant (mini shunt), is small
stainless steel device, which is now implanted under
the partial-thickness sclera flap as a modification of

Fig. 10.26 Artificial drainage shunt operation
using Molteno implant

trabeculectomy. It provides a more favorable safety
and postoperative recovery profile than standard
trabeculectomy. So, it is now alternative to glaucoma
drainage valves such as AGV.

B CYCLO-DESTRUCTIVE PROCEDURES
Cyclo-destructive procedures lower I0P by
destroying part of the secretory ciliary epithelium
thereby reducing aqueous secretion.

Indications. These procedures are used mainly in
absolute glaucomas.

Cyclo-destructive procedures in current use are:
o Cyclocryotherapy,

o Nd: Yag laser cyclodestruction, and
 Diode laser cyclophotocoagulation.

Technique of cyclocryotherapy

1.Anaesthesia. Topical and peribulbar block
anaesthesia is given.

2. Lids separation is done with eye speculum.

3. Cryoapplications. Cryo is applied with a retinal
probe placed 3 mm from the limbus. A freezing
at - 80°C for 1 minute is done in an area of 180° of
the globe (Fig. 10.27).

If ineffective, the procedure may be repeated in the
same area after 3 weeks. If still ineffective, then the
remaining 180° should be treated.

Mechanism. IOP is lowered due to destruction of the
secretory ciliary epithelium. The cells are destroyed
by intracellular freezing.

Fig. 10.27 Site of cyclocryopexy
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* Structure

* Attachments

DISORDERS OF THE VITREOUS
Vitreous liquefaction

Vitreous detachments

Vitreous opacities

* Muscae volitantes

* Persistent hyperplastic primary vitreous
* Inflammatory vitreous opacities

* Vitreous aggregates and condensation with liquefaction
* Amyloid degeneration

ll APPLIED ANATOMY

Vitreous humour is an inert, transparent, jelly-like
structure that fills the posterior four-fifth of the cavity
of eyeball. Vitreous body is some what spherical
posteriorly and has a cup-shaped depression
(patellar fossa) anteriorly. Thus, it conforms to the
contour of retina behind and lens infront. Itis about
4 ml in volume and 4 gm in weight.

Functions. It is a hydrophilic gel that mainly serves
the optical functions. In addition, it mechanically
stabilizes the volume of the globe and is a pathway
for nutrients to reach the lens and retina.
Embryologically, this vitreous body is the secondary
or definitive vitreous secreted by neuroectoderm of
optic cup. During development, when this secondary
vitreous fills the cavity, primary or primitive vitreous
(mesenchymal in origin) along with hyaloid vessels
is pushed anteriorly and ultimately disappear.
Tertiary vitreous is developed from neuroectoderm
in the ciliary region and is represented by the ciliary
zonules.

Structure

The normal youthful vitreous gel is composed
of a network of randomly-oriented collagen
fibrils interspersed with numerous spheroidal
macromolecules of hyaluronic acid. The collapse

* Asteroid hyalosis

¢ Synchysis scintillans

* Red cell opacities

* Tumour cell opacities
Vitreous haemorrhage
vitreo-retinal degenerations
VITRECTOMY

Techniques

* Open-sky vitrectomy

* Closed vitrectomy (Pars plana vitrectomy)
Vitreous substitutes

of this structure with age or otherwise leads to
conversion of the gel into sol. The vitreous body can
be divided into two parts: the cortex and the medulla
or nucleus (the main vitreous body) (Fig. 11.1).

1. Cortical vitreous. It lies adjacent to the retina
posteriorly and ciliary body, zonules and lens
anteriorly. The density of collagen fibrils is greater
in this peripheral part. The condensation of these
fibrils form a false anatomic membrane which is
called as anterior hyaloid membrane anterior to ora
serrata and posterior hyaloid membrane posterior
to ora. The attachment of the anterior hyaloid
membrane to the posterior lens surface is firm in
young and weak in elders, whereas, posterior hyaloid
membrane remains loosely attached to the internal
limiting membrane of the retina throughout life.
These membranes cannot be discerned in a normal
eye unless the lens has been extracted and posterior
vitreous detachment has occurred.

2. The main vitreous body (medulla or nucleus). It
has a less dense fibrillar structure and is a true
biological gel. It is here where liquefactions of the
vitreous gel start first. Microscopically the vitreous
body is homogenous, but exhibits wavy lines as of
watered silk in the slit-lamp beams. Running down
the centre of the vitreous body from the optic disc
to the posterior pole of the lens is the hyaloid canal
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membrane

Fig. 11.1 Gross anatomy of the vitreous

(Cloquet’s canal) of doubtful existence in adults.
Down this canal ran the hyaloid artery of the foetus.

Attachments

The part of the vitreous about 4 mm across the
ora serrata is called as vitreous base, where the
attachment of the vitreous is strongest. The other
firm attachments are around the margins of the optic
disc, foveal region and back of the crystalline lens by
hyaloidocapsular ligament of Wiegert.

[l DISORDERS OF THE VITREOUS

M VITREOUS LIQUEFACTION
Vitreous liquefaction (synchysis) is the most
common degenerative change in the vitreous.

Causes of liquefaction include:

1. Age-related liquefaction is of common occurrence
after the age of 50 years.

2. Degenerations such as myopic degeneration, and

that associated with retinitis pigmentosa.

. Post-inflammatory, particularly following uveitis.

4. Trauma to the vitreous which may be mechanical
(blunt as well as perforating).

5. Thermal effects on vitreous following diathermy,
photocoagulation and cryocoagulation.

6. Radiation effects may also cause liquefaction.

Clinical features. On slit-lamp biomicroscopy the

vitreous liquefaction (synchysis) is characterised

w

by the absence of normal fine fibrillar structure
and visible pockets of liquefaction associated with
appearance of coarse aggregate material which
moves freely in free vitreous. Liquefaction is usually
associated with collapse (synersis) and opacities in
the vitreous, which may be seen subjectively as black
floaters in front of the eye.

M VITREOUS DETACHMENTS

1. Posterior vitreous detachment (PVD)

It refers to the separation of the cortical vitreous
from the retina anywhere posterior to vitreous base
(3-4 mm wide area of attachment of vitreous to the
ora serrata).

PVD with vitreous liquefaction (synchysis) and
collapse (synersis) is of common occurrence in
majority of the normal subjects above the age of
65 years (Fig. 11.2). It occurs in eyes with senile
liquefaction, developing a hole in the posterior
hyaloid membrane. The synchytic fluid collects
between the posterior hyaloid membrane and the
internal limiting membrane of the retina, and leads
to PVD up to the base along with collapse of the
remaining vitreous gel (synersis). These changes
occur more frequently in the aphakics than the
phakics, and in the myopes than the emmetropes.

Clinical features

= Flashes of light and floaters are often associated
with PVD.
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Vitreous synersis

Posterior vitreous
detachment

/ Synchytic fluid

)
Fig. 11.2 Posterior vitreous detachment with
synchysis and synersis

=Biomicroscopic examination of the vitreous

reveals:

o A collapsed vitreous (synersis) behind the lens and
an optically clear space between the detached
posterior hyaloid phase and the retina.

o A ring-like opacity (Weiss ring or Fuchs ring),
representing a ring of attachment of vitreous to the
optic disc, is pathognomic of PVD.

Complications of PVD
These include retinal breaks, vitreous haemorrhage,
retinal haemorrhages and cystoid maculopathy.

Management

o Uncomplicated PVD requires no treatment. Just
reassure but give ‘retinal detachment warning,
i.e., toreportimmediately on noticing an increase
in floaters, or flashing lights or the appearance of
persistent curtain or shadow in the field of vision.

e Retinal tear complicating PVD may need to be
treated by laser photocoagulation.

o Vitreous haemorrhage complicating PVD needs to
be managed (see page 260).

e Retinal detachment complicating PVD requires
urgent treatment (see page 300).

2. Detachment of the vitreous base and the anterior
vitreous

It may occur following blunt trauma. It may be
associated with vitreous haemorrhage, anterior
retinal dialysis and dislocation of crystalline lens.

M VITREOUS OPACITIES

Since vitreous is a transparent structure, any
relatively nontransparent structure present in it will
form an opacity and cause symptoms of floaters.
Common conditions associated with vitreous
opacities are described below.

Muscae volitantes
These are physiological opacities and represent the
residues of primitive hyaloid vasculature. Patient

perceives them as fine dots and filaments, which often
drift in and out of the visual field, against a bright
background (e.g., clear blue sky).

Persistent hyperplastic primary vitreous (PHPV)

It results from failure of the primary vitreous
structure to regress combined with the hypoplasia of
the posterior portion of vascular meshwork.
Clinical features. PHPV may be anterior or posterior,
most often elements of both are present. Common
features are:

= Leucocoria (whitish pupillary reflex) is the most
common presenting feature of both anterior and
posterior PHPV.

= Microphthalmia is often associated with PHPV.
=Tractional retinal detachment and retinal folds are
features of posterior PHPV.

= Associated anomalies include congenital cataract,
shallow anterior chamber, angle closure glaucoma,
long ciliary processes and recurrent intraocular
haemorrhage.

= PHPV is almost always unilateral. Bilateral cases are
rare and may be associated with trisomy 13 (Patau
syndrome), trisomy 22, Norries disease and Walkers
Warburg syndrome.

Differential diagnosis needs to be made from other
causes of leucocoria especially retinoblastoma,
congenital cataract and retinopathy of prematurity.
Computerised tomography (CT) scanning helps in
diagnosis by presence of calcification in retinoblastoma.
Treatment consists of pars plana lensectomy and
excision of the membranes with anterior vitrectomy
provided the diagnosis is made early. Visual
prognosis is often poor.

Inflammatory vitreous opacities

These consist of exudates poured into the vitreous in
patients with anterior uveitis (iridocyclitis), posterior
uveitis (choroiditis), pars planitis, pan uveitis and
endophthalmitis.

Vitreous aggregates and condensation with
liquefaction

It is the commonest cause of vitreous opacities.
Condensation of the collagen fibrillar network is a
feature of the vitreous degeneration which may be
senile, myopic, post-traumatic or post-inflammatory
in origin.

Amyloid degeneration

It is a rare condition in which amorphous amyloid
material is deposited in the vitreous as a part of the
generalised amyloidosis. These vitreous opacities are
linear with footplate attachments to the retina and
the posterior lens surface.
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Asteroid hyalosis

It is characterised by small, white rounded bodies
suspended in the vitreous gel. These are formed
due to accumulation of calcium-containing lipids.
Asteroid hyalosis is a unilateral, asymptomatic
condition usually seen in old patients with healthy
vitreous. There is a genetic relationship between
this condition, diabetes and hypercholesterolaemia.
The genesis is unknown and there is no effective
treatment.

Synchysis scintillans (Cholestrolosis bulbi)

In this condition, vitreous is laden with small white
angular and crystalline bodies formed of cholesterol.
It affects the damaged eyes which have suffered from
trauma, vitreous haemorrhage or inflammatory
disease in the past. In this condition vitreous is
liquid and so, the crystals sink to the bottom, but are
stirred up with every movement to settle down again
with every pause. This phenomenon appears as a
beautiful shower of golden rain on ophthalmoscopic
examination. Since, the condition occurs in a
damaged eye, it may occur at any age. The condition
is generally symptomless, and untreatable.

Red cell opacities
These are caused by small vitreous haemorrhages or
leftouts of the massive vitreous haemorrhage.

Tumour cells opacities

These may be seen as free floating opacities in some
patients with retino-blastoma, and reticulum cell
sarcoma and intraocular lymphomas.

B VITREOUS HAEMORRHAGE

Vitreous haemorrhage usually occurs from the
retinal vessels and may present as preretinal (sub-
hyaloid) or an intragel haemorrhage. The intragel
haemorrhage may involve anterior, middle, posterior
or the whole vitreous body.

Causes

Causes of vitreous haemorrhage are:

1. Retinal tear, PVD and RD may have associated
vitreous haemorrhage.

2. Trauma to eye, which may be blunt or perforating
(with or without retained intraocular foreign
body) in nature.

3. Inflammatory diseases such as erosion of the
vessels in acute chorioretinitis and periphlebitis
retinae primary (Eales’ disease), or secondary to
uveitis.

4. Vascular disorders, e.g., hypertensive retinopathy,
and central retinal vein occlusion.

5. Metabolic diseases such as diabetic retinopathy.

6. Exudative age-related macular degeneration
usually high CNVM, may have vitreous
haemorrhage.

7. Blood dyscrasias, e.g., retinopathy of anaemia,
leukaemias, polycythemias and sickle-cell
retinopathy.

8. Bleeding disorders, e.g., purpura, haemophilia and
scurvy.

9. Neoplasms. Vitreous haemorrhage may occur
from rupture of vessels due to acute necrosis
in tumours like retinoblastoma and malignant
melanoma of choroid.

10. Other causes include Coat’s diseases, radiation
retinopathy, retinal capillary aneurysm.

Clinical features

Depending upon the location it is labeled as:
e Anterior vitreous hemorrhage,

e Mid vitreous hemorrhage,

o Posterior vitreous hemorrhage, or

o Total vitreous hemorrhage.

Symptoms

e Floaters of sudden onset occur when the vitreous
haemorrhage is small.

e Sudden painless loss of vision occurs in massive
vitreous haemorrhage.

Signs

e Distant direct ophthalmoscopy reveals black
shadows againstthered glowin smallhaemorrhages
and no red glow in a large haemorrhage.

e Direct and indirect ophthalmoscopy may show
presence of blood in the vitreous cavity in small
vitreous haemorrhage and non-visualization of
fundus in large vitreous haemorrhage.

o Slit-lamp examination shows normal anterior
segment and a reddish mass in the vitreous.

o Ultrasonography with B-scan is particularly helpful
in diagnosing vitreous haemorrhage.

Fate of vitreous haemorrhage

1. Complete absorption may occur without
organization and the vitreous becomes clear
within 4-8 weeks.

2. Organization of haemorrhage with formation of
a yellowish-white debris occurs in persistent or
recurrent bleeding.

3. Complications like vitreous liquefaction,
degeneration and khaki cell glaucoma (in aphakia)
may occur.

4. Retinitis proliferans may occur which may be
complicated by tractional retinal detachment.
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Treatment

1. Conservative treatment consists of bed rest and
elevation of patient’s head. This will allow the
blood to settle down.

2. Treatment of the cause. Once the blood settles
down, indirect ophthalmoscopy should be
performed to locate and further manage the
causative lesion such as a retinal break, phlebitis,
proliferative retinopathy, etc.

3. Vitrectomyby pars planaroute should be considered
to clear the vitreous, if the haemorrhage is not
absorbed after 3 months. Early vitrectomy may be
required when associated with retinal detachment.

M VITREO-RETINAL DEGENERATIONS
See page 290.

B VITRECTOMY

Vitrectomy, i.e., surgical removal of the vitreous is
now a frequently performed procedure. Common
terms used in relation to vitrectomy are:

o Anterior vitrectomy. It refers to removal of anterior
part of the vitreous.

o Core vitrectomy. It refers to removal of the central
bulk of the vitreous. It is usually indicated in
endophthalmitis.

o Subtotal and total vitrectomy. In this almost whole
of the vitreous is removed.

B TECHNIQUES

Open-sky vitrectomy

This technique is employed to perform only anterior
vitrectomy.

Indications

o Vitreous loss during cataract extraction.

o Aphakic keratoplasty.

 Anterior chamber reconstruction after perforating
trauma with vitreous loss.

o Removal of subluxated and anteriorly dislocated
lens.

Surgical technique

Open-skyvitrectomy is performed through the primary
wound to manage the disturbed vitreous during
cataract surgery or aphakic keratoplasty. It should be
performed using an automated vitrectomy machine.
However, if the vitrectomy machine is not available,
it can be performed with the help of a triangular
cellulose sponge and de Wecker’s scissors (sponge
vitrectomy).

Closed vitrectomy (pars plana vitrectomy)

Pars plana approach is employed to perform anterior
vitrectomy, core vitrectomy, subtotal and total
vitrectomy.

Indications

o Endophthalmitis with vitreous abscess.

e Vitreous haemorrhage.

o Proliferative retinopathies such as those associated
with diabetes, Eales’ disease, retinopathy of
prematurity and retinitis proliferans.

o Complicated cases of retinal detachment such as
those associated with giant retinal tears, retinal
dialysis and massive vitreous traction. Presently,
even simple cases of rhegmatogenous retinal
detachment are managed with this technique.

o Removal of intraocular foreign bodies.

o Removal of dropped nucleus or intraocular lens
from the vitreous cavity.

 Persistent primary hyperplastic vitreous.

o Vitreous membranes and bands.

e Macular pathology like macular hole, and
epiretinal membrane.

Surgical techniques

Pars plana vitrectomy is a highly sophisticated
microsurgery which can be performed by using two
type of systems:

1. One-portvitrectomy or full function system vitrectomy
is nowadays not used. It employs a multifunction
system that comprises vitreous infusion, suction,
cutter and illumination (VISC), all in one.

2. Three-port pars plana vitrectomy or divided system
approach is the most commonly employed technique
in modern vitrectomy. In this technique three
separate incisions are given in pars planaregion. That
iswhy the procedure is also called three-port 20 gauze
pars plana vitrectomy. The cutting and aspiration
functions are contained in one probe, illumination is
provided by a separate fiberoptic probe and infusion
is provided by a cannula introduced through the third
pars plana incision (Fig. 11.3).

Advantages of divided system approach include smaller
instruments, easy handling, improved visualization,
use of bimanual technique and adequate infusion by
separate cannula.

23 and 25 gauge three-port vitrectomy techniques
introduced recently are becoming increasingly popular
alternatives to the standard 20 gauge vitrectomy. Their
advantages include self-sealing sclerotomy sites,
improved patient comfort, reduced postoperative
inflammation and more rapid visual recovery.

M VITREOUS SUBSTITUTES
Vitreous substitutes or the so called tamponading
agents are used in vitreoretinal surgery to:
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Fig. 11.3 Three-port pars plana vitrectomy using
divided system approach

¢ Restore intraocular pressure, and
¢ Provide intraocular tamponade.

An ideal vitreous substitute should be:

o Having a high surface tension,
o Optically clear, and
¢ Biologically inert.

Currently used vitreous substitutes in the absence of
an ideal substitute are:

1. Air is commonly used internal tamponade in

uncomplicated cases. It is absorbed within 3 days.

2. Physiological solutions such as Ringer’s lactate

or balanced salt solution (BSS) can be used as

substitute after vitrectomy for endophthalmitis or

uncomplicated vitreous haemorrhage.

3. Expanding gases are preferred over air in complex

casesrequiring prolonged intraocular tamponade.

They are used as 40% mixture with air. Examples

are:

e Sulphur hexafluoride (SF,). It doubles its volume
and lasts for 10 days.

* Perfluoropropane (C,F,). It quadruples its volume
and lasts for 28 days.

4. Perfluorocarbon liquids (PFCLs) are heavy liquids

which are mainly used:

e To remove dropped nucleus or IOL from the
vitreous cavity,

¢ To unfold a giant retinal tear, and

o To stabilize the posterior retina during peeling of
the epiretinal membrane.

Agents used are perfluoro-n-octane, per-

fluoro-tributylamine, perfluorodecalin and

perfluorophenanthrene.

5. Silicone oil allows more controlled retinal

manipulation during operation and can be used

for prolonged intraocular tamponade after retinal

detachment surgery.
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Diseases of Retina

I CHAPTER OUTLINE I

APPLIED ANATOMY

CONGENITAL AND DEVELOPMENTAL DISORDERS OF
RETINA

INFLAMMATORY DISORDERS OF RETINA

* Retinitis

* Retinal vasculitis

VASCULAR DISORDERS OF RETINA

* Retinal artery occlusions

* Retinal vein occlusions

* Hypertensive retinopathy

* Retinopathy in pregnancy induced hypertension
* Diabetic retinopathy

* Sickle-cell retinopathy

* Retinopathy of prematurity

* Retinopathies of blood disorders

B APPLIED ANATOMY

Retina, the innermost tunic of the eyeball, is a
thin, delicate and transparent membrane. It is the
most highly-developed tissue of the eye. It appears
purplish-red due to the visual purple of the rods and
underlying vascular choroid.

Gross Anatomy

Retina extends from the optic disc to the ora serrata
with a surface area of about 266 mm?. Retina is
thickest in the peripapillary region (0.56 mm) and
thinnest at ora serrate (0.1 mm). Grossly, it can be
divided into two distinct regions: posterior pole and
peripheral retina separated by the so called retinal
equator.

"Retinal equator is an imaginary line which is
considered to lie in line with the exit of the four vena
verticose.

Posterior pole refers to the area of retina posterior to
the retinal equator. The posterior pole of the retina
includes two distinct areas: the optic disc and macula
lutea (Fig. 12.1). Posterior pole of the retina is best
examined by slit-lamp indirect biomicroscopy using
+78 D and +90 D lens and by direct ophthalmoscopy.

* Primary retinal telangiectasia
* Ocular ischaemic syndrome
DYSTROPHIES AND DEGENERATIONS OF RETINA
* Retinal dystrophies

* Retinal degenerations
MACULAR DISORDERS
RETINAL DETACHMENT

* Rhegmetogenous

* Exudative

* Tractional

TUMOURS OF RETINA

* Retinoblastoma

* Enucleation

* Phacomatoses

Optic disc. It is a pink coloured, well-defined
vertically oval area with average dimension of 1.76
mm horizontally and 1.88 mm vertically. Itis placed
3.4 mm nasal to the fovea. At the optic disc all the
retinal layers terminate except the nerve fibres
(1-1.2 million), which pass through the lamina
cribrosa to run into the optic nerve. The optic disc
thus represents the beginning of the optic nerve
and so is also referred to as optic nerve head. A
depression seen in the disc is called the physiological
cup. The central retinal artery and vein emerge
through the centre of this cup. Because of absence
of photoreceptors (rods and cones), the optic disc
produces an absolute scotoma in the visual field
called as physiological blind spot.

Macula lutea. 1t is also called the yellow spot. It is
comparatively deeper red than the surrounding
fundus and is situated at the posterior pole temporal
to the optic disc. Itis about 5.5 mm in diameter. Fovea
centralis is the central depressed part of the macula. It
isabout 1.5 mm in diameter and is the most sensitive
part of the retina. With lowest threshold for light and
highest visual acuity, because it contains only cones,
in its centre is a shining pit called foveola (0.35 mm
diameter) which is situated about 2 disc diameters
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Fig. 12.1 Gross anatomy of the retina: A, parts of retina
in horizontal section at the level of fovea, B, diagrammatic
fundus view; C, fundus photograph

(3-4 mm) away from the temporal margin of the disc
and about 1 mm below the horizontal meridian. The
tiny depression in the centre of foveola is called umbo
which is seen as shinning foveal reflex on fundus
examination. An area about 0.8 mm in diameter
(including foveola and some surrounding area) does
not contain any retinal capillaries and is called foveal
avascular zone (FAZ). Surrounding the fovea are the
parafoveal and perifoveal areas.

Peripheral retina refers to the area bounded
posteriorly by the retinal equator and anteriorly by
the ora serrata. Peripheral retina is best examined
with indirect ophthalmoscopy and by the use of
Goldman three mirror contact lens.

Oraserrata. Itis the serrated peripheral margin where
the retina ends. Here the retina is firmly attached
both to the vitreous and the choroid. The pars plana
extends anteriorly from the ora serrata.

Microscopic structure

Retina consists of ten layers, arranged in two distinct
functional components the pigment epithelium
and the neurosensory retina with a potential space
between the two. The neurosensory retina consists
of three types of cells and their synapses (Fig. 12.2):
1. Pigment epithelium. It is the outermost layer of
retina. It consists of a single layer of cells containing
pigment. Itis firmly adherent to the underlying basal
lamina (Bruch’s membrane) of the choroid. Pigment
epithelium provides metabolic support to the
neurosensory retina and also acts as an antireflective
layer. Interphotoreceptor matrix (IPM) is present in
the potential space between pigment epithelium
and the neurosensoryretina and constitutes a strong
binding mechanism between the two (by binding
pigment epithelium to the photoreceptor).
=Constituent molecules of IPM include: Inter-
photoreceptor retinal binding protein (IRBP),
proteoglycan-glycosaminoglycans (sulphated and
nonsulphated chondroitin and hyaluronic acid),
fibronectin, sialoprotein associated with rods and
cones (SPARC), intercellular adhesion molecules,
hyaluronic acid receptor (CD44 antigen), and
lysosomal enzymes (matrix metalloproteinases and
tissue inhibitors of metalloproteinases, i.e., TIMP).
2. Layer of rods and cones. Rods and cones are
the end organs of vision and are also known as
photoreceptors. Layer of rods and cones contains
only the outer segments of photoreceptor cells
arranged in a palisade manner. There are about 120
millions rods and 6.5 millions cones. Rods contain a
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2. Layer of rods and cones
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Fig. 12.2 Microscopic structure of the retina

photosensitive substance visual purple (rhodopsin)
and subserve the peripheral vision and vision of low
illumination (scotopic vision). Cones also contain
a photosensitive substance and are primarily
responsible for highly discriminatory central vision
(photopic vision) and colour vision.

3. External limiting membrane. It is a fenestrated
membrane, through which pass processes of the
rods and cones.

4. Outer nuclear layer. It consists of nuclei of rods
and cones.

5. Outer plexiform layer. It consists of connections of
rod spherules and cone pedicles with the dendrites
of bipolar cells and horizontal cells.

6. Inner nuclear layer. It mainly consists of cell
bodies of bipolar cells. It also contains cell bodies
of horizontal, amacrine and Muller’s cells and
capillaries of central artery of retina. The bipolar cells
constitute the first order neurons.

7. Inner plexiform layer. It essentially consists of
connections between the axons of bipolar cells and
dendrites of the ganglion cells, and processes of
amacrine cells.

8. Ganglion cell layer. It mainly contains the cell

bodies of ganglion cells (the second order neurons of
visual pathway). There are two types of ganglion cells.
The midget ganglion cells are present in the macular
region and the dendrite of each such cell synapses
with the axon of single bipolar cell. Polysynaptic
ganglion cellslie predominantly in peripheral retina
and each such cell may synapse with up to a hundred
bipolar cells.

9. Nerve fibre layer (stratum opticum) consists of
axons of the ganglion cells, which pass through
the lamina cribrosa to form the optic nerve. For
distribution and arrangement of retinal nerve fibres
see Figures 10.12 and 10.13, respectively and page
233.

10. Internal limiting membrane. It is the innermost layer
and separates the retina from vitreous. It is formed by
the union of terminal expansions of the Muller’s fibres,
and is essentially a basement membrane.

Structure of fovea centralis

In this area (Fig. 12.3), there are no rods, cones are
tightly packed and other layers of retina are very thin.
Its central part (foveola) largely consists of cones
and their nuclei covered by a thin internal limiting
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Fig. 12.3 Microscopic structure of the fovea centralis

membrane. All other retinal layers are absent in this
region. In the foveal region surrounding the foveola,
the cone axons are arranged obliquely (Henle’s layer)
to reach the margin of the fovea.

Functional divisions of retina

Functionally, retina can be divided into temporal
retina and nasal retina by a line drawn vertically
through the centre of fovea. Nerve fibres arising
from temporal retina pass through the optic nerve
and optic tract of the same side to terminate in the
ipsilateral geniculate body while the nerve fibres
originating from the nasal retina after passing
through the optic nerve cross in the optic chiasma
and travel through the contralateral optic tract to
terminate in the contralateral geniculate body.
Neurons of geniculate body constitutes the third order
neurons in visual pathway.

Blood supply

Outer four layers of the retina, viz, pigment epithelium,
layer of rods and cones, external limiting membrane
and outer nuclear layer are avascular get their
nutrition from the choroidal and vascular system
formed by contribution from anterior ciliary arteries
and posterior ciliary arteries.

Inner six layers of retina are vascular and get their
supply from the central retinal artery, which is a

branch of the ophthalmic artery. In some individuals
cilioretinal artery (branch from posterior ciliary
arteries) is present as a congenital variation and
supplies the macular area. In such cases central
vision is retained in the eventuality of central retinal
artery occlusion (CRAO).

Central retinal artery emerges from centre of the
physiological cup of the optic disc and divides into
four branches, namely the superior-nasal, superior-
temporal, inferior-nasal and inferior-temporal.
These are end arteries, i.e., they do not anastomose
with each other. However, anastomosis between the
retinal vessels and ciliary system of vessels (short
posterior ciliary arteries) does exist with the vessels
which enter the optic nerve head from the arterial
circle of Zinn or Haller. Branches of this circle invade
lamina cribriosa and also send branches to the optic
nerve head (optic disc) and the surrounding retina.
The retinal veins. These follow the pattern of the
retinal arteries. The central retinal vein drains into
the cavernous sinus directly or through the superior
ophthalmic vein. The only place where the retinal
system anastomosis with ciliary system is in the
region of lamina cribrosa.

Blood supply of optic nerve head (see page 311).

I CONGENITAL AND DEVELOPMENTAL
DISORDERS OF RETINA

Classification

1. Anomalies of the optic disc. These include crescents,
sites inverses, congenital pigmentation, coloboma,
drusen and hypoplasia of the optic disc.

2. Anomalies of the nerve fibres, e.g., medullated
(opaque) nerve fibres.

3. Anomalies of vascular elements, such as persistent
hyaloid artery and congenital tortuosity of retinal
vessels.

4. Anomalies of the retina proper. These include
albinism, congenital night blindness, congenital
dayblindness, Oguchi’s disease, congenital retinal
cyst, congenital retinal detachment and coloboma
of the fundus.

5. Congenital anomalies of the macula are aplasia,
hypoplasia and coloboma.

A few important congenital disorders are
described briefly.

B COLOBOMA OF THE OPTIC DISC

It results from the failure in closure of the embryonic
fissure. It occurs in two forms.
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Minor defect is more common and manifests
as inferior crescent, usually in association with
hypermetropic or astigmatic refractive error.
Fully-developed coloboma typically presents
inferonasally as a very large whitish excavation,
which apparently looks as the optic disc. The actual
optic disc is seen as a linear horizontal pinkish
band confined to a small superior wedge. Defective
vision and superior visual field defect is usually
associated.

@ DRUSEN OF THE OPTIC DISC

Drusens are intrapapillary refractile bodies, which
usually lie deep beneath the surface of the disc tissue
in childhood and emerge out by the early teens. Thus,
in children they present as pseudo-papilloedema and
by teens they can be recognised ophthalmoscopically
as waxy pea-like irregular retractile bodies.

I HYPOPLASIA OF OPTIC DISC

Hypoplasia of the optic nerve may occur as an
isolated anomaly or in association with other
anomalies of central nervous system. The condition
is bilateral in 60% of cases. It is associated with
maternal alcohol use, diabetes and intake of certain
drugs in pregnancy. It forms a significant cause of
blindness at birth in developed countries. Diagnosis
of mild cases presents little difficulty. In typical cases
the disc is small and surrounded by a yellowish and
a pigmented ring; referred to as ‘double ring sign’

I MEDULLATED NERVE FIBRES

These, also known as opaque nerve fibres, represent
myelination of nerve fibres of the retina. Normally,
the medullation of optic nerve proceeds from brain
downwards to the eyeball and stops at the level
of lamina cribrosa. Occasionally, the process of
myelination continues after birth for an invariable
distance in the nerve fibre layer of retina beyond the
optic disc. On ophthalmoscopic examination, these
appear as a whitish patch with feathery margins,
usually present adjoining the disc margin. The
traversing retinal vessels are partially concealed by
the opaque nerve fibres (Fig. 12.4). Such a lesion,
characteristically, exhibits enlargement of blind
spot on visual field charting. The medullary sheaths
disappear in demyelinating disorders and optic
atrophy (due to any cause) and thus no trace of this
abnormality is left behind.

I PERSISTENT HYALOID ARTERY
Congenital remnants of the hyaloid arterial system
may persist in different forms.

Fig. 12.4 Opaque nerve fibres

Bergmester’s papilla refers to the flake of glial tissue
projecting from the optic disc. It is the commonest
congenital anomaly of the hyaloid system.
Vascular loop or a thread of obliterated vessel
may sometimes be seen running forward into the
vitreous. It may even be reaching up to the back of
the lens.

Mittendorf dot represents remnant of the anterior
end of hyaloid artery, attached to the posterior lens
capsule. Itis usually associated with a posterior polar
cataract.

INFLAMMATORY DISORDERS OF
RETINA

These may present as retinitis (pure retinal
inflammation), chorioretinitis (inflammation of
retina and choroid), neuroretinitis (inflammation
of optic disc and surrounding retina), or retinal
vasculitis (inflammation of the retinal vessels).

M RETINITIS

I. Nonspecific retinitis

Itis caused by pyogenic organisms and may be either
acute or subacute.

1. Acute purulent retinitis. It occurs as metastatic
infection in patients with pyaemia. The infection
usually involves the surrounding structures and soon
converts into metastatic endophthalmitis or even
panophthalmitis.

2. Subacute retinitis of Roth. It typically occurs
in patients suffering from subacute bacterial
endocarditis (SABE). It is characterised by multiple
superficial retinal haemorrhages, involving posterior
part of the fundus. Most of the haemorrhages have a
white spot in the centre (Roth’s spots). Vision may be
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blurred due to involvement of the macular region or
due to associated papillitis.

Il. Specific retinitis

It may be bacterial (tuberculosis, leprosy, syphilis
and actinomycosis), viral (cytomegalic inclusion
disease, rubella, herpes zoster), mycotic, rickettsial
or parasitic in origin.

Cytomegalovirus (CMV) retinitis (Fig. 12.5), zoster
retinitis, progressive outer retinal necrosis (PORN)
caused by an aggressive variant of varicella zoster
virus, and acute retinal necrosis (ARN) caused by
herpes simplex virus II (in patients under the age of 15
years) and by varicella zoster virus and herpes simplex
virus-I (in older individuals) have become more
conspicuous in patients with AIDS (HIV infection).

B RETINAL VASCULITIS
Inflammation of the retinal vessels wall may be
primary (Eales’ disease) or secondary to uveitis.

Eales’ disease

It is an idiopathic inflammation of the peripheral
retinal veins. It is characterised by recurrent vitreous
haemorrhage; so also referred to as primary vitreous
haemorrhage. The disease is rare in Caucasians but
is an important cause of visual morbidity in young
Asian males.

Etiology. It is not known exactly. Many workers
consider it to be a hypersensitivity reaction to
tubercular proteins.

Clinical features. It is a bilateral disease, typically
affecting young adult males (20-30 years). The
common presenting symptoms are:

o Sudden appearance of floaters (blackspots) in front
of the eye or
o Sudden painless loss of vision due to vitreous
haemorrhage. The haemorrhage clears up but
recurrences are very COmmon.
Clinical course of the Eales’ disease can be described
in four stages:
1. Stage of active inflammation (active retinal
vasculitis) (Fig. 12.6). The affected peripheral veins
are congested and perivascular exudates and
sheathing are seen along their surface. Superficial
haemorrhages ranging from flame-shaped to sheets
of haemorrhages may be present near the affected
veins.
2. Stage of ischaemia or vascular occlusion is
characterized by obliteration of the involved vessels
and development of areas of capillary non-perfusion
(CNP) in the periphery as evidenced on fundus
fluorescein angiography.
3. Stage of retinal neovascularization is marked by
development of abnormal fragile vessels at the
junction of perfused and non-perfused retina.
Bleeding from these vessels leads to recurrent
vitreous haemorrhage.
4. Stage of sequelae or advance stage of disease is
characterized by development of complications
such as proliferative vitreoretinopathy, fractional
retinal detachment, rubeosis iridis and neovascular
glaucoma.

Treatment of Eales’ disease comprises:
1. Medical treatment. Course of oral corticosteroids
for extended periods is the mainstay of treatment

Fig. 12.5 Fundus photograph showing typical cytomeg-
alovirus (CMV) retinitis in a patient with AIDS. Note white
necrotic retinal associated with retina haemorrhages

Fig. 12.6 Fundus photograph of a patient with Eales’

disease (stage of inflammation). Note venous congestion,

perivascular exudates and sheets of haemorrhages present
near the affected veins
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during stage of active inflammation. A course of
antitubercular therapy has also been recommended
in selective cases.

2. Laser photocoagulation of the retina either PRP or
feeder vessel photocoagulation is indicated in stage
of neovascularizion.

3. Vitreoretinal surgery is required for non-resolving
vitreous haemorrhage and fractional retinal
detachment.

] VASCULAR DISORDERS OF RETINA

Common vascular disorders of retina include: retinal
artery occlusions, retinal vein occlusions, diabetic
retinopathy, hypertensive retinopathy, sickle cell
retinopathy, retinopathy of prematurity and retinal
telangiectasia.

M RETINAL ARTERY OCCLUSIONS

Etiology

Occlusive disorders of retinal vessels are more

common in patients suffering from hypertension

and other cardiovascular diseases. Common causes
of retinal artery occlusion are:

1. Emboli from the carotid artery and those of cardiac

origin are the most common cause of CRAO. Three

types of emboli are known:

e Cholesterol emboli (Hollenhorst plaque) are
refractile and orange and seen at retinal vessel
bifurcation. These arise from atheromas in the
carotid artery.

¢ Calcium emboli are white in colour and arise from
the cardiac valves.

e Platelet fibrin emboli are dull white in colour and
arise from atheromas in the carotid artery. They
may cause retinal ischaemic attacks (TIA).

2. Atherosclerosis-related thrombosis at the level of

lamina cribrosa is another common cause of CRAO.

3. Retinal arteritis with obliteration (associated with

giant cell arteritis) and periarteritis (associated with

polyarteritis nodosa, systemic lupus erythematosus,

Wegner’s granulomatosis and scleroderma) are other

causes of CRAO.

4. Angiospasm is a rare cause of retinal artery

occlusion. Itis commonly associated with amaurosis.

5. Raised intraocular pressure may occasionally

be associated with obstruction of retinal arteries,

for example, due to tight encirclage in retinal
detachment surgery.

6. Thrombophilic disorders such as inherited defects of

anticoagulants may occasionally be associated with

CRAO in young individuals.

7. Other rare causes are retinal migraine, sickling
haemoglobinopathies and hypercoagulation
disorders such as oral contraceptives, polycythemia,
and antiphospholipid syndrome.

Clinical features

Clinically retinal artery occlusion may present as
central retinal artery occlusion (60%) or branch artery
occlusion (35%) or cilioretinal artery occlusion (5%).
Itis more common in males than females. Itis usually
unilateral but rarely may be bilateral (1 to 2% cases).

1. Central retinal artery occlusion (CRAO)

It occurs due to obstruction at the level of lamina

cribrosa.

Symptoms. Patient complains of sudden painless loss of

vision occurring over seconds. Patient may give history

of transient visual loss (amaurosis fugax) in the past.

Signs of CRAO are as below:

1. Visual acuity is markedly reduced (<3/60 in 90%

cases) except in a few cases with cilioretinal artery

supplying the macula (Fig. 12.7).

2. Direct pupillary reflex is absent and relative afferent

pupillary defect (RAPD) is positive.

3. Fundus examination shows (Fig. 12.7):

e Marked narrowing of retinal arteries and mild
narrowing of retinal veins.

e Retina becomes milky white due to ischaemic
oedema. In eyes with cilioretinal artery part of
macula remains normal in colour (Fig. 12.7A).

e Cherry-red spotis seen in the center of macula due
to vascular choroid shining through the thin retina
in foveal region, in contrast to the surrounding pale
retina (Fig. 12.7B).

e Cattle tracking, i.e., segmentation of blood column
is seen in the retinal veins.

e Atrophic changes. In most cases retinal oedema
resolves over a period of 4-6 weeks and atrophic
changes in the form of grossly attenuated thread
like arteries atrophic appearing retina and
consecutive optic atrophy occur in long standing
cases (see Fig. 12.12B)

4. Fundus fluorescein angiography (FFA) shows delay

in arterial filing (cilioretinal artery when present

will fill in early phase) and masking of choroidal
vasculature due to retinal oedema.

2. Branch retinal artery occlusion (BRAO)
It usually occurs following lodgement of embolus
at a bifurcation. Retina distal to occlusion becomes
oedematous with narrowed arterioles (Fig. 12.8).
Later on the involved area is atrophied leading to
permanent sectoral visual field defect.
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Fig. 12.7 Fundus photograph showing marked retinal pallor

in acute central retinal artery occlusion (CRAO): A, with

sparing of the territory supplied by cilioretinal artery; and B,
cherry-red spot in the absence of cilioretinal artery

Management

Treatment of central retinal artery occlusion is

unsatisfactory, as retinal tissue cannot survive

ischaemia for more than 90-100 minutes.

A. Aggressive treatment of acute episodes of CRAO

should be done in all cases presenting within 24

hours of onset with following measures:

1. Immediate lowering of intraocular pressure may aid

the arterial perfusion and also help in dislodging the

embolus, measure include:

o Intermittent ocular massage, intravenous mannitol,

e Paracentesis of anterior chamber has been
recommended for this purpose, and

o Intravenous acetazolamide 500 mg should be given
immediately.

2. Vasodilators and inhalation of a mixture of 5%

carbon dioxide and 95% oxygen (practically patient

should be asked to breathe in a polythene bag) may

help by relieving element of angiospasm.

Fig. 12.8 Superotemporal branch of retinal artery occlusion

(BRAOQO). Note retinal pallor in superotemporal area and

whitish emboli on the optic disc and in superior temporal
branch of retinal artery

3. Fibrinolytic therapy may be helpful in some cases.
4. Intravenous steroids are indicated in patients with
giant cell arteritis.

5. Laser photodisruption of the embolus has been
reported in selected cases to dislodge the embolus.

B. Work-up for associated systemic conditions should
be carried out immediately after the emergency
management of acute episodes and corrective
measures instituted.

Complications

In some cases ‘neovascular glaucoma’ with incidence
varying from 2% to 6%, may occur as a delayed
complication of central retinal artery occlusion.

I RETINAL VEIN OCCLUSIONS

Retinal vein occlusions are more common than
the artery occlusions. These typically affect elderly
patients in sixth or seventh decade of life.

Etiology

1. Pressure on the vein by an atherosclerotic retinal
artery where the two share a common adventitia
(e.g., just behind the lamina cribrosa and at
arteriovenous crossings), secondarily induces
thrombosis in the lumen of vein.

2. Hypertension and diabetes mellitus are common
predisposing factors.

3. Hyperviscosity of blood as in polycythemia,
hyperlipidemia, macroglobulinemia, leukemia,
multiple myeloma, cryoglobulinemia.

4. Periphlebitis retinae which can be central or
peripheral associated with sarcoidosis, syphillis,
and SLE.
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5. Raised intraocular pressure. Central retinal vein
occlusion is more common in patients with primary
open-angle glaucoma.

6. Local causes are orbital cellulitis, orbital tumors,
facial erysipelas and cavernous sinus thrombosis.

Classification

1. Central retinal vein occlusion (CRVO). It may be
non-ischaemic CRVO (venous stasis retinopathy)
or ischaemic CRVO (haemorrhagic retinopathy).

2. Branch retinal vein occlusion (BRVO).

Centeral Retinal Vein Occlusion

Non-ischaemic CRVO

Non-ischaemic CRVO (venous stasis retinopathy) is the
most common clinical variety (75%). It is characterised
by mild to moderate visual loss and no RAPD.

Early cases on fundus examination (Fig. 12.9)
reveal mild venous congestion and tortuosity, a
few superficial flame-shaped haemorrhages more
in the peripheral than the posterior retina, mild
papilloedema and mild or no macular oedema.

In late stages (after 6-9 months), there appears
sheathing around the main veins, and a few
cilioretinal collaterals around the disc. Retinal
haemorrhages are partly absorbed. Macula may
show chronic cystoid oedema in moderate cases or
may be normal in mild cases.

Note. About 15% cases of non-ischaemic CRVO are
converted to ischaemic CRVO in 4 months and about
30% in 3 years.

Ischaemic CRVO

Ischaemic CRVO (haemorrhagic retinopathy) refers
to acute (sudden) complete occlusion of central
retinal vein. It is characterised by marked sudden
visual loss and RAPD.

Fig. 12.9 Central retinal vein occlusion
(non-ischaemic)

Early cases on fundus examination (Fig. 12.10)

reveal:

e Massive engorgement, congestion and tortuousity
of retinal veins,

o Massive retinal haemorrhages (almost whole
fundus is full of haemorrhages giving a ‘splashed-
tomato’ appearance),

o Numerous cotton wool spots (usually more than
6t0 10),

« Disc shows oedema and hyperaemia,

e Macular area is full of haemorrhages and is
severely oedematous and

o Breakthrough vitreous haemorrhage may be seen
in some cases.

In late stages, marked sheathing around veins and

collaterals is seen around the disc.

o Neovascularization may be seen at the disc (NVD)
or in the periphery (NVE).

e Macula shows marked pigmentary changes and
chronic cystoid oedema.

Pathognomonic features for ischaemic CRVO

differentiating it from non-ischaemic CRVO are:

o Presence of relative afferent pupillary defect
(RAPD),

¢ Visual field defects, and

o Reduced amplitude of b-wave of electroretinogram.

Complications. Rubeosis iridis and neovascular

glaucoma (NVG) occurs in about 20% cases within

3 months (so also called as 90 days glaucoma), a few

cases develop vitreous haemorrhage and proliferative

retinopathy.

Branch retinal vein occlusion (BRVO)

It is more common than the central retinal vein

occlusion. It may occur as:

o Hemispheric occlusion due to occlusion in the main
branch at the disc.

Fig. 12.10 Central retinal vein occlusion (ischaemic)
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e Quadrantic occlusion due to occlusion at the level
of AV crossing, and

e Small branch occlusion either as macular branch
occlusion or peripheral branch occlusion.

Features of BRVO are as below:

= Retinal oedema and haemorrhages are limited to
the area drained by the affected vein (Fig. 12.11).
Vision is affected only when the macular area is
involved.

= Secondary glaucoma occurs rarely in these cases.
= Chronic macular oedema and neovascularization
may occur as complications of BRVO in about one
third cases.

Management of retinal vein occlusions

A. Clinical evaluation and investigations
I. Ocular examination and investigations

Ocular examination should include:

o Visual acuity, at presentation and at every follow
up, is a useful guide for the interventions required.

e IOP should be recorded and associated POAG
should be ruled out.

e Undilated slit-lamp examination to detect
neovascularization of iris (NVI).

¢ Gonioscopytorule out neovascularization of angle
(NVA).

e Fundus examination with direct and indirect
ophthalmoscopy and with 90D slit-lamp
examination.

Ocular investigations should include:

o Goldmann perimetry and ERG evaluation is very
important in differentiating between ischaemic
and non-ischaemic CRVO.

Fig. 12.11 Superotemporal branch of retinal vein
occlusion (BRVO)

o Fundus fluorescein angiography (FFA) should be
carried out (to assess state of retinal perfusion)
after resolution of retinal haemorrhage. Usually
areas of capillary non-perfusion (CNP) of more
than 10 disc area are seen in ischaemic CRVO.

o Optical coherence tomography (OCT) is particularly
useful for evaluation of macular oedema, sub-
retinal fluid accumulation and development of
epiretinal membrane (ERM).

Il. Systemic examination and investigations

Systemic associations which need to be looked for are:

o Hypertension, diabetes mellitus, heart diseases,
dyslipidaemia,

o Hypercoagulative conditions, and

o Homocysteinosis, especially in young patients.

B. Differential diagnosis

Diabetic retinopathy is generally bilateral and CRVO
is usually unilateral.

Ocular ischaemic syndrome (OIS) due to carotid
occlusive disease has only dilated veins without
tortuosity (in CRVO tortuosity is also seen) and retinal
haemorrhages are typically seen in the mid periphery.

C.Treatment

I. Treatment of systemic and ocular associations
such as hypertension, diabetes, hyperlipidaemias,
hyperhomocysteinaemia, POAG, and other
conditions is important in all cases. Smoking should
be avoided.

II. Observation and monitoring is all that is required
in patients with mild to moderate visual loss (VA
better than 6/18), as the condition (especially non-
ischaemic CRVO), in more than 50% cases of CRVO
resolves with almost normal vision.

IIL Ocular therapy, as described below, is required in
patients presenting with marked visual loss (usually
ischaemic CRVO) and those with progressive visual
loss on observation.

1. Medical therapy, presently in vogue is:

= Intravitreal anti-VEGFs, e.g., 1.25 mg Bevacizumab
(Avastin), or 0.3 mg Ranibizumab (Lucentis) are useful
for the associated CME and neovascularization.

= Intravitreal triamcinolone (1 mg/0.1 ml) may be
given for the associated CME.

Note. Repeated injections of anti-VEGFs, and
triamcinolone may be required.

2. Laser therapy, recommended is as below:

®Grid laser is NOT recommended for macular
oedema in CRVO. However, persistent CME in BRVO
may be treated by grid laser.
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= Panretinal photocoagulation (PRP) is generally
not recommended as prophylaxis even in cases
with marked ischaemia (except in patients not
likely to comply with regular follow-up). PRP
should be performed without delay in CRVO when
neovascularization develops any where, i.e., in
angle (NVA), iris (NVE), retina (NVE & NVD). PRP
involves application of 1500-3000 burns (0.5-1.0
second), spaced one burn width apart using
frequency doubling YAG laser or argon green laser.
= Scatter laser photocoagulation is recommended
for neovascularization else where (NVE) in patients
with BRVOs.

3. Surgical therapy may be required in the form of

1. Pars plana vitrectomy for treating the following
complications associated with venous occlusions:

« Persistent vitreous haemorrhage,

¢ Tractional retinal detachment,

o Epiretinal membrane (ERM), and

o Intractable neovascular glaucoma (NVG).

Note. PPV may be combined with endolaser PRP
when required.

i. Pars plana placement of glaucoma drainage device
(GDD) may also be required in patients with NVG.
ii. Radical optic neurotomy, once proposed by
transvitreal incision of the scleral ring (along with
PPV) to surgically decompress CRV at the level of
scleral outlet, has not proved useful.

I HYPERTENSIVE RETINOPATHY

Hypertensive retinopathy refers to fundus changes
occurring in patients suffering from systemic
hypertension. Although the term hypertensive
retinopathy implies only retinal changes but in
fact the clinical presentation includes changes of
hypertensive:

 Retinopathy,

o Choroidopathy, and

o Optic neuropathy.

Pathogenesis

Three factors which play role in the pathogenesis

of hypertensive retinopathy are vasoconstriction,

arteriosclerosis and increased vascular permeability.

1. Vasoconstriction. Arteriolar narrowing is the

primary response to raised blood pressure and is

related to the severity of hypertension.

o Vasoconstriction of retinal arterioles occurs in
pure form in young individuals, but is affected
by the pre-existing involutional sclerosis in older
patients.

e Vasoconstriction of choroidal vessels causes
choroidal and RPE ischaemia, which manifests as
hypertensive choroidopathy.

o Vasoconstriction of peripapillary choroid leads
to optic nerve head ischaemia, manifesting as
hypertensive optic neuropathy.

2. Arteriosclerotic changes which manifest as changes
in the arteriolar reflex and A-V nipping result from
thickening of the vessel wall and are a reflection
of the duration of hypertension. In older patients
arteriosclerotic changes may pre-exist due to
involutional sclerosis.

3. Increased vascular permeability results from hypoxia

and is responsible for haemorrhages, exudates, focal

retinal oedema, macular oedema, focal intraretinal
periarterial transudates (FIPTs), and disc oedema.

Clinical types

Clinically, the hypertensive fundus changes can be
described as:

« Chronic hypertensive retinopathy, and

« Malignant or acute hypertensive retinopathy.

Chronic hypertensive retinopathy

Patients with chronic hypertensive retinopathy are
usually asymptomatic. Clinical situations in which
chronic hypertensive retinopathy occurs include:

1. Hypertension with involutionary (senile) sclerosis
When hypertension occurs in elderly patients (after
the age of 50 years) in the presence of involutionary
sclerosis the fundus changes comprise augmented
arteriosclerotic retinopathy.

2. Chronic hypertension with compensatory arteriolar
sclerosis

This condition is seen in young patients with
prolonged benign hypertension usually associated
with benign nephrosclerosis. The young arterioles
respond by proliferative and fibrous changes in
the media (compensatory arteriolar sclerosis).
Advanced fundus changes in these patients have
been described as ‘albuminuric or renal retinopathy’

Fundus changes of chronic hypertensive retinopathy

can be summarized as below (Fig. 12.12A to C):

1. Generalized arterial narrowing or attenuation,

depending upon the severity of hypertension may

be mild or marked, and consists of vasoconstrictive
and sclerotic phases.

e Vasoconstrictive phase occurs due to diffuse
vasospasm which manifests when a significant
elevation of blood pressure has persisted for an
appreciable period and is characterised by an
increase in retinal arteriolar tone.
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e Sclerotic phase occurs due to intimal thickening,
hypoplasia of tunica media, and hyaline
degeneration; and is characterised by arteriolar
narrowing associated with tortuosity.

2. Focal arteriolar narrowing is seen as areas of

localized vasoconstriction on the disc and within %2

disc diameter of its margin zone.

3. Arteriovenousnickingis the hallmark of hypertensive

retinopathy and occurs where arteriole crosses and

compresses the vein, as the vessels share a common
adventitious sheath. Also known as A-V crossing
changes, these include:

e Salu’s sign, i.e., deflection of veins at the
arteriovenous crossings,

e Bonnet sign, i.e., banking of veins distal to
arteriovenous crossings, and

o Gunn sign, i.e., tapering of veins on either side of
the crossings.

4. Arteriolar reflex changes. The normal light reflex

of the retinal vasculature is formed by the reflection

from the interface between the blood column and
vessel wall.

e Bright and thin, linear blood reflex is seen normally
over the surface of the arteriole in the young age
and is predominantly because of blood column in
the arteriole, since the vessel wall is by and large
transparent.

e More diffuse and less bright reflex is seen due to
thickening of vessel wall and represents changes
of grade I and II hypertensive retinopathy.

o Copper wiring, i.e., reddish-brown reflex of the
arterioles occurs due to progressive sclerosis and
hyalinization, and is a sign of grade Il retinopathy.

e Silver wiring i.e., opaque-white reflex of the
arterioles occurs ultimately due to the continued
sclerosis, and is seen in grade IV hypertensive
retinopathy.

5. Superficial retinal haemorrhages (flame shaped)

occur at the posterior pole due to disruption of the

capillaries in the retinal nerve fibre layer. These
haemorrhages disappear in 3 to 5 weeks.

6. Hard exudates are lipid deposits in the outer

plexiform layer of retina which occur following leaky

capillaries in severe hypertensive retinopathy. They
appear as yellowish waxy spots with sharp margins.

They are generally seen in posterior pole and may

be arranged as macular-fan or macular-star. They

are also temporary and may disappear in 3-6 weeks.

7. Cotton wool spots are fluffy white lesions and

represent the areas of infarcts in the nerve fibre

layer. These occur due to ischaemia caused by

capillary obliterations in severe hypertensive
retinopathy. Due to their cotton wool feathery
appearance they are also termed as soft exudates
(a misnomer in fact).

Malignant hypertensive retinopathy

Malignant hypertension is not a separate variety
of hypertension, but is an expression of its rapid
progression to a serious degree in a patient with
relatively young arterioles undefended by fibrosis.

Fundus picture is characterised by changes of acute
hypertensive retinopathy, choroidopathy and optic
neuropathy (Fig. 12.12D):

1. Acute hypertensive retinopathy changes include:

e Marked arteriolar narrowing due to spasm of the
arteriolar wall, in response to sudden rise in blood
pressure.

e Superficial retinal haemorrhages, flame shaped,
arranged in clusters, appear in the posterior pole
area due to disruption of capillaries in the nerve
fibre layer.

o Focalintraretinal periarteriolar transudates (FIPTs)
are small, white, focal oval lesions occurring due
to the deposition of macromolecules along the
major arterioles. These result due to break down
of blood-retinal barrier following dilatation of
terminal arterioles as a result of sudden rise in
blood pressure in malignant hypertension.

e Cotton wool spots are also more marked in
malignant hypertensive retinopathy.

e Microaneurysms, shunt vessels and collaterals may
also develop as a result of capillary obliterations.

I1. Acute hypertensive choroidopathy changes include:

e Acute focal retinal pigment epitheliopathy,
characterised by focal white spots, occurs due to
acute ischaemic changes in choriocapillaries.

o Elschnig’s spots are small black spots surrounded
by yellow halos, these are formed due to clumping
and atrophy of the infarcted pigment epithelium
(focal white spots) described above.

e Siegrist streaks are formed due to linear
configuration of the pigment along the choroidal
arterioles. These are formed due to fibrinoid
necrosis associated with malignant hypertension.

o Serous neurosensory retinal detachment, which
preferentially affects the macular area, may occur
due to accumulation of fluid beneath the retina
following breakdown of outer blood-retinal barrier
owing to ischemic damage to the retinal pigment
epithelium. It may also manifest as exudative
bullous retinal detachment with shifting subretinal
fluid.
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Fig. 12.12 Hypertensive retinopathy: A, grade I; B, grade II; C, grade lll; D, grade IV

II1. Acute hypertensive optic neuropathy changes
include:

Disc oedema and hemorrhages on the disc
and peripapillary retina which occur due to
vasoconstriction of peripapillary choroidal vessels
supplying the optic nerve head. The ischemia of
the optic nerve head leads to stasis of axoplasmic
flow, thus the lesion is a form of anterior ischaemic
optic neuropathy.

Disc pallor, of variable degree, may occur late in
the course of disease.

Staging of Hypertensive Retinopathy
Several classification schemes have been described
to stage hypertensive retinopathy. No classification

e GradelIl. Marked generalized narrowing and focal

attenuation of arterioles associated with deflection
of veins at arteriovenous crossings (Salus’ sign)
(Fig. 12.12B).

Grade III. Grade II changes plus copper-
wiring of arterioles, banking of veins distal to
arteriovenous crossings (Bonnet sign), tapering
of veins on either side of the crossings (Gunn
sign) and right-angle deflection of veins (Salu’s
sign). Flame-shaped haemorrhages, cotton-wool
spots and hard exudates are also present (Fig.
12.12C).

Grade IV. All changes of grade III plus silver-wiring
of arterioles and papilloedema (Fig. 12.12D).

Scheie classification
Staging of retinopathy changes is as follows:

is clinically useful. A few popular classifications, are

given below, just for their historical value.

e Stage 0. No visible retinal abnormalities

e Stage 1. Diffuse arteriolar narrowing; no focal
constriction

o Stage 2. More pronounced arteriolar narrowing
with focal constriction

Keith and Wagner classification

e Grade I. Mild generalized arteriolar attenuation,
particularly of small branches, with broadening
of the arteriolar light reflex and vein concealment
(Fig. 12.12A).
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o Stage 3. Focal and diffuse narrowing, with retinal
haemorrhages

o Stage 4. Retinal oedema, hard exudates, optic disc
edema

Grading of the light reflex changes resulting from
arteriolosclerosis is as follows:

e Grade 0. Normal

o Grade 1. Broadening of light reflex with minimal
arteriolovenous compression

o Grade 2. Light reflex changes and arteriovenous
crossing changes more prominent

e Grade 3. Copper-wire appearance and more
prominent arteriolovenous compression

e Grade 4. Silver-wire appearance and severe
arteriolovenous crossing changes.

Wong and Mcintosh classification

Mild retinopathy is characterised by one or more of
the following signs: generalised arteriolar narrowing,
focal arteriolar narrowing, AV nicking, arteriolar wall
reflex broadening. There is weak associations with
stroke, coronary heart disease and cardiovascular
mortality.

Moderate retinopathy consists of mild retinopathy
with one or more of the following signs: retinal
haemorrhages (blot and dot or flame shaped)
microaneurysms, cotton-wool spots, and hard
exudates. There is strong association with stroke,
congestive heart failure, renal dysfunction and
cardiovascular mortality.

Accelerated retinopathy consists of moderate
retinopathy signs plus optic disc swelling, may be
associated with visual loss. Associated with mortality
and renal failure.

Management

Mild hypertensive retinopathy requires blood pressure
control only.

Moderate hypertensive retinopathy patients
(characterised by retinal haemorrhages,
microaneurysms, and cotton-wool spots) in addition
to blood pressure control benefit from further
assessment of vascular risk factors (e.g., cholesterol
levels) and, if indicated, risk reduction therapy (e.g.,
cholesterol lowering agents).

Accelerated hypertensive retinopathy characterized
by bilateral disk swelling which may occur in
conjunction with severe hypertension needing urgent
antihypertensive management. In such instances,
physicians should aim for a small stepwise control of
blood pressure over a few hours, and avoid a sudden

reduction in blood pressure which may reduce
per