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CHAPTER OUTLINE

Development of the Eye, 2
Anatomy, 4

Cornea, 5
Sclera, 6
Anterior Chamber, 6
Lens, 7
Uveal Tract, 8
Posterior Chamber and Vitreous Humour, 9
Retina, 9

The Blood Supply of the Eye, 11
Clinical Anatomy of the Eye, 14

Learning objectives

• To gain basic knowledge of the development of the eye.
• To develop essential understanding on how abnormalities at various
stages of development can arrest or hamper normal formation of the
ocular structures and visual pathways.
• To acquire adequate information about normal anatomy of the eye
and related structures and develop a strong foundation for a better
understanding of common ocular problems and their consequences.



Development of the eye

• FIG. 1.1 The development of the eye. In each case, the solid black is the
neural ectoderm, the hatched layer is the surface ectoderm and its

derivatives, the dotted area is the mesoderm: a, cavity of the forebrain; b,
cavity of the optic vesicle; c, cavity of the optic cup (or secondary optic

vesicle) formed by invagination. (A) Transverse section through the anterior
part of the forebrain and optic vesicles of a 4-mm human embryo. (B) The
primary optic vesicle. (C) The formation of the optic cup by invagination at
the embryonic fissure and invagination of the surface epithelium. (D) The

optic cup and lens vesicle. (E) The formation of the ciliary region and iris, the
anterior chamber, the hyaloid artery and the lid folds. The lens is formed from

the posterior cells of the lens vesicle. (F) The complete eye.



TABLE 1.1

Summary of Ocular Embryogenesis



In the developing human embryo, the two eyes develop from the neural
ectoderm derived from the neural tube as a pair of diverticula (primary optic
vesicle) arising from the sides of the forebrain with contributions from the
adjacent mesoderm and surface ectoderm in contact with it ( Table 1.2

TABLE 1.2

Primordial Tissue and Its Derivatives

aDuring the folding of the neural tube, a ridge of cells comprising the neural crest develops from the
tips of the converging edges and migrates to the dorsolateral aspect of the tube. Neural crest cells
from this region subsequently migrate and give rise to various structures within the eye and the
orbit.
Note: The structures are listed from anterior to posterior.



primary optic vesicle
optic cup

embryonic fissure

optic vesicle and optic cup

lens plate lens
vesicle

Anatomy



• FIG. 1.2 General anatomy of the eyeball, including its tunics and
chambers.  Source: (From Rolston D, Nielsen C. Chapter 2: Ophthalmology.

In: Rapid review USMLE step 3. St. Louis: Mosby; 2007. p. 28–44.)

• FIG. 1.3 The eyelids and anterior aspect of the eyeball.  Source: (Adapted
from Standring S. Chapter 39: The orbit and accessory visual apparatus. In:
Standring S, Borley NR, Collins P, editors. Gray’s anatomy: The anatomical
basis of clinical practice. 40th ed. Edinburgh: Churchill Livingstone; 2009. p.

655–74.)



• FIG. 1.4 Optical section of the normal eye, as seen with the slit lamp. The
light (arrowed) comes from the left and, in the beam of the slit lamp, the

sections of the cornea and lens are clearly seen.



• FIG. 1.5 The normal fundus. The disc or optic nerve head is approximately
1.5 mm in diameter and the centre of the fovea or macula is located about 2

disc diameters temporal to it.

Cornea
cornea

Transparency of cornea

Blood supply and innervation



Sclera
sclera

episclera
lamina fusca

uveal tract

retina

Anterior chamber
anterior chamber aqueous humour

angle of the anterior chamber

canal of Schlemm

trabecular meshwork



• FIG. 1.6 The region of the angle of the anterior chamber.

Lens
lens



• FIG. 1.7 The structure of the lens in an adult 40 years of age, as shown in
the optical beam of the slit lamp: 1, anterior capsule; 2, cortex; 3, adult

nucleus; 4, infantile nucleus; 5, fetal nucleus; 6, embryonic nucleus (see Fig.
15.9).

embryonic nucleus

fetal nucleus
infantile nucleus

adult nucleus
cortex

lens capsule

zonular lamella

suspensory ligament



Uveal tract
choroid

ciliary body
iris

pupil

Iris
iris

sphincter pupillae
dilator pupillae

Ciliary body



ciliary body

ciliary muscle

pars
plicata pars plana

ciliary processes

ora serrata

Choroid
choroid

epichoroidal suprachoroidal space



lamina vitrea membrane
of Bruch

choriocapillaris

Posterior chamber and vitreous humour

posterior chamber
vitreous humour

hyaloid membrane
vitreous body

Retina



• FIG. 1.8 Retina and photoreceptor cell structure. (A) Cross-section of
human retina, showing retinal layers. (B) Drawing of rod photoreceptor cell,
showing different portions of the cell. The photoreceptor sensory cilium is

indicated. Ch, choroid; GC, ganglion cell layer; INL, inner nuclear layer; ONL,
outer nuclear layer; RPE, retinal pigment epithelium.  Source: (From Levin
LA, Albert DM. Chapter 74: Retinitis pigmentosa and related disorders. In:

Ocular disease: mechanisms and management. Edinburgh: Saunders; 2010.
p. 579–89.)





• FIG. 1.9 Anatomical features of rods and cones revealed by electron
microscopy. (A) Cross-section of the human retina (×2440) demonstrating

rod and cone outer segments adjacent to the pigment epithelium. (B)
Tangential section through the inner segments of the human photoreceptor
layer (×3750). The large inner segments belong to cones, and the smaller

inner segments are those of rods; note the large number of mitochondria in
the inner segments. (C) Tangential section of human retina at the outer
segment level, showing rod discs contained within the cell membrane

(×14,110). (D) Rod outer segment showing discs contained within the cell. A
phagosome within a pigment epithelial cell is on the upper right (rhesus

monkey ×23,000).  Source: (From Ryan S, Schachat A, Wilkinson C, Hinton
D, Wilkinson C, editors. Retina. 4th ed. Edinburgh: Elsevier; 2005.)



fovea centralis

macula lutea

TABLE 1.3

Special Features of Fovea Centralis and Macula Lutea

optic nerve see



lamina cribrosa

The blood supply of the eye

• FIG. 1.10 (A) The retinal circulation. (B) The choroidal circulation.

lamina cribrosa



prelaminar region

optic
disc

• FIG. 1.11 Blood supply of the optic nerve. Region marked: A, represents
the surface of the disc and peripapillary nerve fibre layer; B, portion anterior
to the lamina cribrosa; C, portion related to the lamina cribrosa; D, portion

behind the lamina cribrosa; LC, lamina cribrosa; PR, prelaminar.
 Source: (Reproduced with kind permission from Hayreh SS. Arch

Ophthalmology 1977;95:1560.)



circulus arteriosus iridis major

circulus
arteriosus iridis minor.



• FIG. 1.12 The ciliary circulation.

ciliary venous plexus

aqueous veins



• FIG. 1.13 The exit channels of the aqueous humour in man: C, cornea; S,
sclera; I, iris; and CB, ciliary body. The primitive drainage channels of lower
animals are seen in VP, the ciliary venous plexus, draining by EV, the ciliary
efferent veins into ACV, and the anterior ciliary veins. Superimposed on this

is the drainage system peculiar to primates, represented by T, the trabeculae;
SC, the canal of Schlemm; IP, the intrascleral plexus; and AV, an aqueous

vein emptying into the anterior ciliary veins.

Clinical anatomy of the eye

Summary
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CHAPTER OUTLINE

Blood–Retinal Barrier, 15
Nature and Formation of Intraocular Fluid, 16
Circulation of Aqueous Humour, 16
Intraocular Pressure, 17
Metabolism of Ocular Tissues, 17

Vascularized Tissues of the Eye, 17
Nonvascularized Tissues of the Eye, 17

Learning objectives

• To assimilate important facts about ocular physiology and
inculcate the skill of correlating common ocular diseases with
disruption of normal physiology
• To grasp the main principles in applying knowledge of basic
sciences in planning and instituting therapy
• To understand how disruption of normal functions, for example
tear film and aqueous formation or drainage abnormalities, lead
to pathology



Blood–retinal barrier



• FIG. 2.1 The effective blood–ocular barrier. A: In this zone, the
barrier is formed by retinal capillaries, Bruch’s membrane and retinal

pigment epithelium. B: In this zone, the barrier consists of the
ectodermal layer formed by the anterior part of the retina and its

prolongation as the two-layered ciliary epithelium. C: In this zone, the
barrier is formed by the uveal capillaries only. The arrows indicate

that in A and C, two-way traffic exists; in the ciliary region, fluid traffic
is essentially into the cavity of the eye, determining a circulation
through the pupil and out at the angle of the anterior chamber.



plasmoid aqueous
.

Nature and formation of intraocular fluid

blood–aqueous barrier



• FIG. 2.2 Formation of aqueous humour.

Circulation of aqueous humour



uveoscleral outflow

see

Intraocular pressure

Variations in the hydrostatic pressure in the capillaries
An increase in permeability of the capillaries,



A change in the osmotic pressure of the blood

Volumetric changes

A blockage of the circulation of aqueous

Obstruction in situation (1)

Obstruction in situation (2)

manometry



tonometry

intraocular pressure

Metabolism of ocular tissues

Vascularized tissues of the eye

Nonvascularized tissues of the eye

The cornea



The lens
lens





• FIG. 2.3 Overview of the major pathways of glucose metabolism in
the lens. Percentages represent the estimated amount of glucose

used in the different pathways.  Source: (From Yanoff M, Duker JS.
Basic science of the lens. In: Schell J, Boulton ME, editors.

Ophthalmology. 4th ed. Oxford: Saunders; 2014.)

Summary
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CHAPTER OUTLINE

Rhodopsin Cycle, 20
Magnocellular, Parvocellular and Koniocellular Pathways, 21
Visual Perceptions, 22

Light Sense, 22
Form Sense, 22
Sense of Contrast, 22
Colour Sense, 23

Physiology of Vision and the Developing Brain, 24
Binocular Vision and Stereopsis, 25

Learning objectives

• To develop an understanding of vision and its abnormalities.
• To understand the mechanism of image formation and
recognition.
• To learn the clinical relevance in terms of binocularity and
depth perception.



blind spot

photochemical changes



Rhodopsin cycle

cis

cis–trans



• FIG. 3.1 Rhodopsin cycle.

trans

cis

Magnocellular, parvocellular and
koniocellular pathways



parvocellular P cell system

magnocellular pathway



• FIG. 3.2 The primary visual cortex, the striate cortex, transforms
information received from the lateral geniculate nucleus and

disperses this to appropriate areas in the extrastriate or secondary
visual cortex for transmission to higher visual areas where the

specific visual phenomenon is registered (as proposed by
Livingstone and Hubel).

Visual perceptions



Light sense

light minimum.



• FIG. 3.3 Dark adaptation curve. The initial small symmetrical curve
represents the adaptation of cones. It is broken at a sharp knee (α),

and the remainder of the curve represents the adaptation of rods
(after Sloan).

scotopic vision
photopic vision

mesopic vision

Form sense



• FIG. 3.4 Regional variations of visual acuity and force sense in the
retina.

Sense of contrast

Colour sense



• FIG. 3.5 Four classes of photopigments are found in human
photoreceptors. The 420 curve is for short-wavelength cones, the

498 curve is for rods, and the 534 and 564 curves are for middle- and
long-wavelength-sensitive cones, respectively. (Source: Bowmaker

JK, Dartnall HJA. Visual pigments of rods and cones in a human
retina. J Physiol 1980;298:501–11.)

trichromatic.



Theories of colour vision

Young–helmholtz or the trichromatic theory

The opponent process theory



Physiology of vision and the developing
brain







Binocular vision and stereopsis

Panum’s fusional area



physiological diplopia

• FIG. 3.6 Principles of binocular three-dimensional image formation.

Summary
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CHAPTER OUTLINE

The Visual Pathway, 27
Afferent Tracts of Sensation, 27
Anatomy and Physiology of the Visual Pathway, 27

Neurology of the Brain in Relation to Vision, 29
The Pupillary Pathways and Reactions, 31

Nerve Supply of the Pupillary Muscles, 31
The Pupillary Reflexes, 33

Learning objectives

• To understand the role of higher visual pathway on health and
disease.
• To recognize how pupillary abnormalities aid diagnosis of
pathologies.

The visual pathway



Afferent tracts of sensation

• FIG. 4.1 (A) The path of somaesthetic sensation. (B) The visual
pathway.

Anatomy and physiology of the visual pathway



visual centre

Retina, optic nerve and chiasma

papillomacular fibres



• FIG. 4.2 The visual nerve paths showing lines of projection of the
fixation area and the blind spot.  Source: (From Traquair’s Clinical

Perimetry.)



• FIG. 4.3 The distribution of the fibres in the lower visual neuron of
the right side. (A) Distal portion of the optic nerve; (B) proximal

portion of the optic nerve; (C) optic tract; (D) lateral geniculate body.
In each case, the dorsal aspect is above and the medial to the left.

hemianopia



Optic radiation

Occipital cortex



• FIG. 4.4 A diagram of the probable representation of the different
portions of the visual fields in the calcarine cortex. (A) A drawing of

the medial surface of the left occipital lobe with the lips of the
calcarine fissure separated so that its walls and floor are visible. The

markings of the various portions of the visual cortex which is thus
exposed correspond to those shown on the chart (B) of the right half

of the field of vision.

Neurology of the brain in relation to vision





• FIG. 4.5 Positron emission tomography images (single slices)
showing areas of increased blood flow when subjects are presented
with different sets of visual word-like stimuli. Each slice is taken from
the same sagittal location 2 cm left of the midsagittal plane. Anterior

is at the left of each image, and at the top of each section is a sample
of the stimulus that produced this activation. For both the false font

(A) and string of English letters (B) stimuli, there are scattered foci of
activation but little activation in the inferior and posterior parts of the

image. Pronounceable nonword (C) and real word (D) stimulus
presentation produces clear activation in the left medial extrastriate
cortex.  Source: (Reprinted with permission from Petersen SE, Fox

PT, Snyder AZ, Raichle ME. Activation of extrastriate and frontal
cortical areas by visual words and word-like stimuli. Science

1990;249:1041–4. Copyright (1990) American Association for the
Advancement of Science.)



The pupillary pathways and reactions

mydriasis
miosis



• FIG. 4.6 The parasympathetic pupillary system. Cortical control: (a)
excitatory pathways from the frontal and occipital (psycho-optical)
cortex; (b) inhibitory pathway from the frontal cortex. Sympathetic

control (inhibitory) from hypothalamic centre. Parasympathetic
pathway—Edinger–Westphal nucleus → third nerve → inferior

division → branch to the inferior oblique muscle. (a) Light reflex—
short root of ciliary ganglion → ciliary ganglion → short ciliary nerves

→ sphincter of iris. (b) Near reflex—leaving the third nerve at an
unknown point → (?) accessory ganglion → sphincter of iris.

Nerve supply of the pupillary muscles





• FIG. 4.7 Sympathetic pupillary system. (I) Central. Centre in
hypothalamic region—inhibitory pathway to the Edinger–Westphal
group of the nucleus of the third nerve. Tract (hypothalamic–spinal)
with a partial decussation in the midbrain so that each hypothalamic

centre supplies each ciliospinal centre but especially the
contralateral: it traverses the reticular substance of the midbrain and

the lateral column of the cord. (II) Preganglionic sympathetic.
Ciliospinal centre of Budge in the intermediolateral tract of the grey

matter of the cord. Leaves by ventral roots of C8, TI, T2 and T3
(largely TI) via the white rami communicantes → cervical sympathetic

chain in which the fibres traverse the inferior cervical ganglion and
the anterior loop of the ansa of Vieussens and terminate in the

superior cervical ganglion. (III) Postganglionic sympathetic. Superior
cervical ganglion → enter the skull with the carotid plexus →

cavernous plexus → travel over the Gasserian ganglion along first
division of the trigeminal nerve → nasociliary nerve → long ciliary

nerves, entering the globe with the long ciliary arteries (some
perhaps running without a relay along the long and/or sympathetic

root of ciliary ganglion → short ciliary nerves), traversing the
epichoroidal space to reach the iris and terminate in the dilator

muscle.



anisocoria

The pupillary reflexes

direct light reflex
consensual light reflex



dilatation

The light reflex
light reflex

pretectal
nucleus



• FIG. 4.8 The pupillary pathways for the light reflex. The numbers
denote lesions accompanied by the following symptoms: 

(I)  Optic nerve: unilateral amaurotic paralysis (abolition of the direct
reaction on the ipsilateral side and the consensual on the

contralateral side: retention of the consensual on the ipsilateral side
and the direct on the contralateral side). Retention of the near reflex

and the lid reflex. 
(II)  Medial chiasma: bitemporal hemianopic paralysis. 
(III)  Lateral chiasma: binasal hemianopic paralysis. 

(IV)  Optic tract: contralateral hemianopic paralysis (Wernicke
reaction). 

(V)  Lesion of the proximal part of the optic tract: normal pupillary
reactions. 

(VI)  Superficially in the region of the brachium and tectum:
contralateral hemianopic paralysis. 

(VII)  Central decussation: bilateral reflex paralysis—inactivity to light
(direct and consensual) with retention of the near reflex, the lid

reflexes and the psychosensory reactions (bilateral Argyll Robertson



pupil) (according to Behr).
(VIII)  Between the decussation and the constrictor centre: ipsilateral

abolition of direct and consensual reactions with retention of both
contralaterally—unilateral Argyll Robertson pupil (according to Behr).

(IX)  A partial lesion corresponding to VIII: ipsilateral abolition of
direct reaction with retention of consensual reaction; retention of both

contralaterally. 
(X)  Nuclear or extensive supranuclear lesion: ipsilateral absolute

pupillary paralysis.
(XI)  Lesion of the third nerve: absolute pupillary paralysis.

(XII)  Lesion of the ciliary ganglion: abolition of the light reflex with
retention of the near reflex, sometimes with tonic contraction (Adie

pupil).

hippus



The near reflex
near reflex



• FIG. 4.9 The nerve paths of the two components of the near reflex.
The afferent pathway for the convergence reflex is indicated as

running up the third nerve: this is not certain. The afferent pathway
for the accommodation reflex follows the visual fibres to the striate
area of the calcarine cortex and is further relayed to the parastriate
area (19), and from there the efferent path travels to the Edinger–

Westphal nucleus via the occipitomesencephalic tract and the
pontine centre for convergence.

The psychosensory reflex
sensory reflex



Summary
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CHAPTER OUTLINE

Properties of Light, 37
Electromagnetic Spectrum, 37
Light and the Eye, 37
Wave Theory of Light, 38
Interference, Diffraction and Polarization, 38

Rays of Light and Images, 39
Light and Different Optical Media, 40

Reflection, 40
Laws of Reflection, 40
Reflection at an Irregular Surface, 40
Reflection at a Smooth Surface: Plane, Concave and
Convex Mirrors, 40

Refraction, 41
Plane Lamina, 41
Prisms, 41
Lenses, 41

Elementary Physiological Optics, 44
The Optical System of the Eye, 44
The Optical State of the Eye, 46

Optical Aberrations, 50



Accommodation, 50
Presbyopia, 53

Learning objectives

• To have basic understanding about properties of light.
• To learn the essentials about the eye as an optical system.
• To know about the variations in refractive power of the eye and
clinical implication.

Properties of light
Electromagnetic spectrum

Optical radiation



• FIG. 5.1 Schematic representation of the different components of
the electromagnetic spectrum including wavelengths representing
visible light. [From Chapter 3 - Using noninvasive methods to drive
brain–computer interface (BCI): the role of electroencephalography

and functional near-infrared spectroscopy in BCI - Figure 3.2, A
Schematic of the Electromagnetic Spectrum Indicating the Region of

NIR (750–1400 nm); Smart Wheelchairs and Brain-computer
Interfaces, 1st Edition; Academic Press. 2008.]

light

Light and the eye



• FIG. 5.2 Schematic diagram showing how different structures of
the eye filter out different wavelengths of light. UV-C rays are of little
concern, as they are absorbed by the upper atmosphere and do not
reach the earth’s surface. UV-A rays are primarily absorbed within

the lens of the human eye. UV-B rays are the ones that can affect the
cornea by causing photokeratitis.



Wave theory of light

Interference, diffraction and polarization

constructive interference

destructive interference



• FIG. 5.3 (A) Constructive interference; (B) destructive interference.

diffraction



• FIG. 5.4 Diffraction of light occurs after light waves pass through a
narrow opening in an obstruction. After diffraction, the secondary

waves are out of phase with the primary waves and lead to ‘blurring’
of the image produced on a screen.

polarized light



Rays of light and images



• FIG. 5.5 Pinhole demonstration.

Light and different optical media

Reflection

Laws of reflection



• FIG. 5.6 The ray from P which strikes the mirror AB at Q is
reflected to R so that PQ and QR are in the same plane, i.e. that of

the paper, and the angle of incidence, i, is equal to the angle of
reflection, r.

Reflection at an irregular surface



Reflection at a smooth surface: Plane, concave and
convex mirrors

Plane mirrors



• FIG. 5.7 Reflection of an object.

Refraction

refraction

Plane lamina



• FIG. 5.8 Refraction by a plane lamina.

Prisms



• FIG. 5.9 Refraction by a prism.

Lenses



• FIG. 5.10 Types of spherical lenses (1–5). Cylindrical (6) and toric
(7) lenses.

The effect of a biconvex lens upon rays of light

• FIG. 5.11 Optical effect of two prisms base to base.

principal focus
focal distance



conjugate foci

• FIG. 5.12 The image formation of an object placed further to a
convex lens than its principal focus is formed by refraction and is
located beyond the principal focus on the other side and is a real
image. The ray QE, parallel to the axis, is refracted through the

second principal focus F2. The ray QF1, through the first principal
focus, is refracted parallel to the axis. The ray QO, through the

optical centre of the lens, is not deflected. The meeting point of any
two of these rays gives the location of q, the image of Q.



• FIG. 5.13 The image formation of an object placed nearer to a
convex lens than its principal focus is formed by refraction and is

located beyond the principal focus on the same side and is a virtual
image.

optical centre



• FIG. 5.14 Properties of the optical centre of a lens.

The effect of a biconcave lens upon rays of light



• FIG. 5.15 Optical effect of two prisms apex to apex.



• FIG. 5.16 The image formation of an object placed further to a
concave lens than its principal focus is formed by refraction and is
located nearer to the lens than its principal focus on the same side

and is a real image which is minified.

focal length D F

Identification of lenses



Systems of lenses

D
d d

D d d F f f

F f f



• FIG. 5.17 Neutralizing lenses.

c
a c

f f c
D F

D F f c f

• FIG. 5.18 Combination of two convex lenses.

D



f c f

• FIG. 5.19 Combination of a convex and a concave lens.

F f c f

F
f

f
F

Elementary physiological optics



The optical system of the eye

TABLE 5.1

Refractive Index of Each Component of the Eye as an
Optical System

principal points principal planes

optic axis.



• FIG. 5.20 The eye as an optical system based on Gullstrand’s
concept of a schematic eye.



• FIG. 5.21 The formation of retinal images in the reduced eye. The
image qb of an object QB is formed by drawing lines Q and B through

the nodal point (N). QNB or qNb represents the visual angle.

TABLE 5.2

The Distance (in mm) of Each Component of the
Reduced Normal Eye with Overall Refractive Power of
+58.6 D (Calculations Made by Gullstrand)

Note: By sign convention, light is shown diagrammatically as travelling from left to right
across the page and distances measured in the same direction are considered positive
whereas distances measured in the opposite direction are taken as negative.



• FIG. 5.22 Emmetropia, hypermetropia and myopia. In emmetropia
(E), parallel rays of light are focused upon the retina. In

hypermetropia (H), the eye is relatively too short; in myopia (M), it is
too long.

visual angle,



The optical state of the eye

static refraction

Emmetropia
emmetros well-

proportioned fitting

Ametropia

Types of ametropia
Hypermetropia
myopia retina is too far back.

errors of refraction ametropia

anisometropia.



• FIG. 5.23 Hypermetropic eye. Rays from a point on the retina are
divergent when they emerge from the eye, as if they came from the

point, R, behind the eye.

• FIG. 5.24 Myopic eye. Rays from a point on the retina are
convergent when they emerge from the eye so that they cross at a

real point, R, in front of the eye.

axial ametropia

index
curvature ametropia,

astigmatism.



regular astigmatism.

irregular astigmatism:

toric

Sturm conoid,
focal interval



• FIG. 5.25 Sturm conoid: VV, vertical meridian of refracting surface,
more curved than HH, the horizontal meridian; A, B, C, D, E, F and
G, sections of conoid; from B to F is the focal interval of Sturm; D

shows the circle of least diffusion.

circle of least diffusion.

astigmatism

compound
hypermetropic astigmatism.

simple
hypermetropic astigmatism.



mixed astigmatism.

simple myopic astigmatism.

compound myopic astigmatism.

The correction of ametropia with lenses

• FIG. 5.26 Hypermetropic eye. Parallel incident rays are brought to
a focus on the retina by means of a suitable convex lens.



• FIG. 5.27 Myopic eye. Parallel incident rays are brought to a focus
on the retina by means of a suitable concave lens.



• FIG. 5.28 Effect of correcting lenses upon the size of the retinal
image. In (A) and (C) where the optical centre of the lens, O,

coincides with the anterior focal point of the eye, F1, the size of the
retinal image is the same as in emmetropia. When the lens is closer
to the eye than the anterior focal distance of the eye, the size of the
retinal image is diminished (convex lens, B) or increased (concave

lens, D).



• FIG. 5.29 Convex cylinder.



• FIG. 5.30 Convex and concave cylinder.

focal line



• FIG. 5.31 Refraction of parallel rays through a planoconvex
cylinder.

• FIG. 5.32 Refraction of divergent rays from a point of light through
a planoconvex cylinder.

Optical aberrations

aberrations.

spherical aberration



• FIG. 5.33 Spherical aberration.

chromatic aberration

Accommodation



accommodation.

• FIG. 5.34 Effect of accommodation. The dotted lines show the
curvature of the anterior surface of the lens and the course of rays

with the eye at rest (static refraction). The solid lines show the
curvature of the anterior surface of the lens and the course of rays

with active accommodation (dynamic refraction).

converge.



dynamic refraction,



• FIG. 5.35 The changes in the lens with accommodation. During
accommodation, the elastic capsule imposes its natural conoidal

shape on the elastic lens substance which resists the former (after
Weale).

near point punctum proximum.

far point punctum remotum



latent hypermetropia. manifest
hypermetropia. total hypermetropia.

facultative
absolute.

amplitude of accommodation

A P R, A
P

R



A

A

A

A

range of accommodation,



• FIG. 5.36 (A) Chart of static (lower curve) and maximum dynamic
(upper curve) refraction at various ages (Donders). Abscissa: age;
ordinate: accommodation in dioptres. (B) Presbyopic changes in

amplitude of accommodation with age.  Source: (Source: Figure (B)



from Daniel M Albert, Joan W Miller, Dimitri T Azar, Barbara A Blodi.
Chapter 106: Biophysics and age changes of the crystalline lens. In:

Daniel M Albert, Joan W Miller, Dimitri T Azar, et al., eds. Albert &
Jakobiec’s Principles & Practice of Ophthalmology, 3rd ed.

Edinburgh: Saunders; 2008. pp. 1365−1373.)

• FIG. 5.37 Lens nucleus.



Presbyopia

presbyopia

Summary



Suggested reading

http://www.rootatlas.com/wordpress/video/858/optics-concepts-lecture/


C H A P T E R  6



CHAPTER OUTLINE

Retinoscopy, 54
The Theory of Retinoscopy, 54
The Practice of Retinoscopy, 57

Automated Refraction or Autorefraction, 59
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Learning objectives

• To understand the concept of estimating the refractive power of
the eye by clinical refraction.
• To learn about the mechanisms various types of refractive
errors.
• To learn about the mechanisms and manifestations of the
various types of refractive error of the eye.

Retinoscopy
The theory of retinoscopy
Retinoscopy skiascopy shadow test

Principle



Equipment



• FIG. 6.1 (A) Left: Mirror retinoscope: C, concave mirror; P, plane
mirror. Retinoscopy being performed with a mirror retinoscope. Right:

Streak retinoscope. Retinoscopy being performed at 1-m distance
with a self-illuminating streak retinoscope which functions similar to a

concave mirror with the lens adjustment sleeve in position C and
plane mirror in position P. (B) Retinoscopy with a concave mirror. O1,
the observed eye; O2, the observer’s eye. The image of the source of
light (L) is formed at l1 (the immediate source of light) by the mirror. If

O1 is hypermetropic, a virtual image of l1 is formed on the line l1n,
passing through the nodal point n as at h1. If O1 is myopic, a real

inverted image is formed at m1. If the mirror is tilted downwards, as
shown by the dotted line, l1 moves to l2, h1−h2 and m1−m2. This

shows that the shadow seen by the observer moves in the opposite
direction in hypermetropia and in the same direction in myopia.



Clinical retinoscopy

If light is directed through the pupil into a myopic eye (with more
than 1 D of myopia)

If the eye has 1 D of myopia



• FIG. 6.2 The course of incident rays and field of illumination of the
fundus in hypermetropia: l1, the source of light illuminates the
superior retina and forms a virtual image at λ1; the light source

moves to l2, the inferior retina is illuminated and the virtual image
appears to move inferiorly to λ2, i.e. ‘with’ the illumination of the
retina. The field of illumination is determined by the pupil of O1.



• FIG. 6.3 The course of incident rays in myopia more than 1 D.

• FIG. 6.4 The course of the emergent rays in myopia of 1 D and at
the point of reversal. So long as the light source l1 is in the pupillary
area of O2, the pupil of O1 appears uniformly illuminated and there is
no shadow. Directly l1 passes to l2 and the light is completely cut off

so that the pupil of O1 becomes completely dark.



The practice of retinoscopy

plane mirror

• FIG. 6.5 (A) Trial frames. (B) The standard notation of axes of
cylinders. To avoid ambiguity in ordering glasses, the axes of

cylinders should be uniformly numbered according to the method
recommended by the International Council of Ophthalmology.

Source: (A) Courtesy of Keeler.

Procedure

Mirror retinoscope



the point of reversal
R

L

L

a



TABLE 6.1

Retinoscopy Findings in Different Refractive States

Streak retinoscope



• FIG. 6.6 Streak retinoscopy. (A) The reflex at the point of
neutralization, (B) the reflex and streak in a ‘with movement in
hypermetropia’ plane mirror and (C) the reflex and streak in an

‘against movement in myopia’ plane mirror.

vice versa As
the streak is moved across the pupil, the light reflex may move ‘with’,
‘against’, be ‘neutral’ or indeterminate.

Cycloplegics in refraction





see

Difficulties in retinoscopy
regular astigmatism

irregular astigmatism

conical cornea

Automated refraction or autorefraction
Automated refractors



Automated refractometers

Scheiner disc
grating-focus



• FIG. 6.7 (A) The Scheiner disc principle is used in automated
refractometers (autorefractors). The Scheiner disc (S) has two

pinholes through which light enters and produces two images on the
retina. A photoelectric device senses the focused beam and

estimates the refractive error. H, hypermetropia; E, emmetropia; M,
myopia. (B) Autorefractor. Source: (B) Courtesy of S. Majumdar.

Keratometry
keratometer (ophthalmometer)





• FIG. 6.8 (A—C) The principle of the keratometer of Javal and
Schiötz.



• FIG. 6.9 (A) Bausch and Lomb keratometer. (B) Bausch and Lomb
keratometry mires. The upper figure shows nonaligned mires, and

the lower figure shows the end point for alignment. Source: (A)
Courtesy of S. Majumdar.

The subjective verification of refraction

postcycloplegic test



cross-cylinder,



• FIG. 6.10 (A) Is a set of cross-cylinders. (B−F) Photographs
showing the clinical use of cross-cylinders: (B) cylindrical correction
in place; (C and D) finalizing the axis; and (E and F) finalizing the

power of the cylindrical lens of the right eye. Source: (A) Courtesy of
Keeler; (E and F) Courtesy of S. Majumdar.



astigmatic fan

vice versa

• FIG. 6.11 Astigmatic fan.



correction of near vision

near point

A
P R



Refractive errors of the eye

Emmetropia

Ametropia



Axial ametropia

Curvature ametropia

Index ametropia

Abnormal position of the lens



• FIG. 6.12 The relative incidence of refractive errors. The refraction
curves of Scheerer and Betsch (the higher curve) as compared with

the theoretically derived binomial variation curve (the lower curve and
lower figures). The abscissae are refractions measured without

cycloplegia.

Myopia

simple myopia



TABLE 6.2

Myopia: Types and Classifications

developmental myopia

Pathological axial myopia

Pathological curvature myopia Index
myopia



posterior staphyloma

• FIG. 6.13 The two eyes of the same individual superimposed: one
emmetropic and the other with –15 D of myopia.





• FIG. 6.14 (A) Myopia with temporal crescent and early
maculopathy. (B) The normal configuration of the optic disc and (C)
the myopic disc. R, retina; P, pigmentary epithelium; C, choroid S,

sclera. On the temporal side the choroidal and scleral crescents are
delineated. Note the oblique temporal direction of the optic nerve

fibres and the overlapping on the nasal side resulting in
supertraction.

prognosis



Treatment



Contact lenses

Surgical treatment of myopia



TABLE 6.3

Types of Surgery Used to Correct Myopia

Laser-assisted in situ keratomileusis or lasik.

• FIG. 6.15 LASIK. (A) Anterior lamellar flap cut with a
microkeratome or fashioned with a femtosecond laser; (B) laser
photoablation with flap lifted; (C) flap reposited. A thinner, flatter

cornea.



Clear lens extraction.

Phakic intraocular lens.

Hypermetropia (hyperopia)

axial



Curvature hypermetropia

Index hypermetropia

accommodative asthenopia

see



see

Treatment

Astigmatism



Treatment

Aphakia



Treatment



spherical
aspheric

lenticular

full-
field

contact lenses



Anisometropia

Clinical features

Treatment

see

aniseikonia



Contact
lenses

Anomalies of accommodation

Paralysis of accommodation or cycloplegia



Treatment

Spasm of accommodation

Treatment

The correction of errors of refraction



Spectacles, sunglasses and contact lenses



• FIG. 6.16 Different designs of spectacle lenses used to correct
presbyopia. The figure on the right shows the advantages of

multifocal glasses.

Spectacles and sunglasses

Types and selection of frames

Spectacle frames



Lens materials
Spectacle lenses

High index lenses



Aspheric lenses

Lens types
bifocal

trifocals

Multifocal

Sunglasses

sunglasses



Contact lenses

see



TABLE 6.4

Properties of Various Types of Contact Lenses
Hard contact lenses

Soft contact lenses

Oxygen-permeable rigid gas-permeable lenses



• FIG. 6.17 RGP contact lens insertion by the patient. The upper lid
is retracted by grasping the lid near the margin and pulling it. The left

hand is used to elevate the right upper lid. The patient’s gaze is
directed downwards and the lens is carried to the eye by the index
finger of the right hand. Source: From Harold A Stein, Raymond M

Stein, Melvin I Freeman. Chapter 13: Rigid contact lenses. The
Ophthalmic Assistant. 9th ed. London: Saunders; 2013. pp.

241−276.

Contact lens fitting



Refractive surgery

Refractive keratoplasty

radial keratotomy
arcuate keratotomy

keratomileusis
epikeratophakia



photorefractive
keratectomy

laser-assisted in situ keratomileusis

Refractive lens surgery

Surgical correction of presbyopia



Low-vision AIDS

Summary





Suggested reading
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Amblyopia and Amaurosis, 78
Visual Field Defects, 79
Night Blindness or Nyctalopia, 79
Hemeralopia, 79
Colour Blindness or Achromatopsia, 79
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Learning objectives

• To gain knowledge of salient symptoms and history of common
and important ophthalmic problems.
• To develop a basic understanding on how to relate patients’
symptoms to different eye diseases.

Introduction

Anomalies of ocular motility

Asthenopia



Binocular diplopia

Diminution of vision



TABLE 7.1

Frequent Causes of Decreased Vision

Amblyopia and amaurosis
Amblyopia amaurosis

Unilateral amblyopia
amblyopia ex anopsia

Bilateral amblyopia

Bilateral amaurosis



Amaurosis fugax
Amaurosis fugax



• FIG. 7.1 Venous stasis retinopathy in the left eye of a patient with
angiographically proven occlusion of the left internal carotid artery.

Note the dilated, dark and irregular veins.

Gaze-evoked amaurosis

Visual field defects
See

Night blindness or nyctalopia



Hemeralopia

Colour blindness or achromatopsia

Acquired colour blindness

blue blindness

Congenital colour blindness



protanopes
deuteranopes

dichromatic
protanomalous deuteranomalous,

tritanopes

Word blindness
dyslexia

aphasia

Nonorganic ‘functional’ visual loss

Aetiopathogenesis



malingering

hysteria

la belle
indifference

Clinical features

Malingering



Differential diagnosis

TABLE 7.2

Conditions which Produce Visual Loss with a Normal
Fundus



Hysteria

Treatment

Disorders of the ocular surface



Ocular irritation

Lacrimation

Photophobia



Red eye



• FLOWCHART 7.1 Approach to diagnosis of a case with an acute
red eye.

TABLE 7.3

Differential Diagnosis of the Common Causes of a Red
Eye

Visual phenomena
Glare



Floaters

Photopsia

Metamorphopsia
Metamorphopsia

micropsia



• FIG. 7.2 Amsler grid.

Coloured halos



• FIG. 7.3 The stenopaeic slit test for coloured halos. When a
stenopaeic slit is passed before the eye in the direction of the arrow,

the successive appearances of the lenticular halo are represented. At
(A), when only the lateral margin of the pupil is exposed, and only the

horizontal radial fibres of the lens are implicated, the horizontal
portions a, a′ of the halo are visible. At (B), when the oblique fibres
are involved, the portions a, a′ appear to divide, forming b, c and b′,
c′; as the slit is moved, these rotate b, b′ in a clockwise direction and

c, c′ anticlockwise. When (C) is reached, only vertical fibres are
involved and the portions appear to reunite in d, d’. On continuing the

motion of the slit, the portions b′, c and c′, b appear and revolve
similarly until finally, at the other extreme position, they become

amalgamated as a, a′ in (A).

Visual hallucinations



Visual hallucinations

Scintillating scotomata
Scintillating scotomata

teichopsia



ophthalmoplegic migraine

Uniocular diplopia

Coloured vision (chromatopsia)
Coloured vision (chromatopsia) Erythropsia



Summary
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Learning objectives

• To identify important clinical features in different ophthalmic
diseases.
• To know how to examine the eye and identify various
abnormalities indicative of different eye disorders.
• To understand the indication for use of additional investigations
or advanced examination techniques.

Introduction



Assessment of vision

Visual acuity



• FIG. 8.1 Snellen distant test-types. The lines, from above
downwards, should be read at 60, 36, 24, 18, 12, 9, 6, 5 and 4 m,

respectively. At these distances, the letters subtend a visual angle of
5 minutes.



• FIG. 8.2 Widening effect of the visual angle with distance.



TABLE 8.1

Notations for Recording Visual Acuity

Minimum angle of resolution



• FIG. 8.3 Modified Bailey−Lovie visual acuity chart.

Visual acuity measurement

V



V

V

V

V

Near vision

Visual acuity measurement in special cases





• FIG. 8.4 Tests for recording visual acuity in children. (A) Cardiff
acuity cards for children 2−4 years of age. (B) Teller acuity testing for
very young preverbal children 1−3 years of age estimate visual acuity

by noting the child’s preferential response to figures or gratings in
comparison to the blank area and is based on the principle of

preferential looking.



The photostress test

photostress test



Field of vision

• FIG. 8.5 (A) Three-dimensional representation of the normal visual
field as an island of vision in a sea of darkness; (B) meridional two-

dimensional representation of the visual field in any axis as obtained
by static perimetry; (C) two-dimensional representation of the

sensitivity of the visual field as obtained by kinetic perimetry; (D)
numerical values of the retinal threshold at different areas of the

visual field; and (E) greyscale representation of the threshold values
in different areas of the visual field.

Confrontation test



confrontation test,

Perimetry
perimetry



• FIG. 8.6 Recording the visual fields. (A and B) Goldmann
perimeter: (A) patient viewing targets presented; (B) perimetrist

recording the responses Source: Courtesy of S. Majumdar.



Bjerrum screen Goldmann perimeter

Kinetic perimetry



• FIG. 8.7 Kinetic perimetry chart. Fields are plotted with Goldman
perimeter. The illuminated target is varied in terms of size and

intensity and different colored pens are used to indicate the fields
charted with a particular target. The reference table is used to

indicate the characteristics of the target used.



Static perimetry

Automated perimeters
Automated perimetry







• FIG. 8.8 (A) Recording the visual fields. Humphrey automated
perimeter. (B) Example of an automated perimetry printout showing

actual threshold values, total and pattern deviation plots and a



greyscale depiction of the visual field with nasal steps. Source: (A)
Courtesy of S. Majumdar.

Dark adaptation



Contrast sensitivity
Contrast sensitivity

letter contrast sensitivity contrast sensitivity
gratings



• FIG. 8.9 Charts for testing contrast sensitivity: (A) Pelli−Robson
contrast sensitivity chart; (B) functional acuity contrast test; (C and D)

Cambridge contrast sensitivity gratings.



• FIG. 8.10 (A, B and C) Sinusoidal grating patterns; (D) square
grating pattern. (A) and (B) differ in spatial frequency, (B) and (C) in
contrast, defined as (Lmax−Lmin)/(Lmax + Lmin) where L is the light

intensity recorded by a photocell scanning across the gratings, as
indicated in the diagrams to the right of the illustrations.  Source: (By

courtesy of Professor GB Arden)



Colour vision

The lantern test

The Farnsworth—Munsell 100-hue test:

Isochromatic charts



Ishihara

Anomaloscopes

Nagel

Pickford Nicolson

• FIG. 8.11 Colour vision tests. (A) Ishihara colour plates; (B) Nagel
anomaloscope; (C) Edridge−Green lantern test; (D)

Farnsworth−Munsell 100-hue test.

Binocular vision and stereoacuity



• FIG. 8.12 Tests for binocular vision and measuring stereoacuity.
(A) Bagolini striated glasses; (B) Wirt stereo fly test; (C and D) TNO

test; (E and F) Randot stereoacuity test. Wirt and Randot
stereoacuity tests are performed with the patient wearing a pair of
Polaroid glasses, with the right and left lenses having a different

plane of polarization. The TNO test is performed using red and green
glasses. Source: (B) Courtesy of Keeler.





Examination of the anterior segment

General inspection



• FIG. 8.13 (A) Surface anatomy of the eye. (B) External landmarks
of the eye. Source: (A) From Harold A. Stein, Raymond M. Stein,

Melvin I. Freeman. The Ophthalmic Assistant. 9th ed. London:
Saunders; 2013. pp. 3–14; (B) From Mark H. Swartz. Textbook of

Physical Diagnosis. 7th ed. Philadelphia: Saunders; 2014. pp. 161–
248.



Focal or oblique illumination

binocular loupe,

slit lamp



• FIG. 8.14 Slit lamp.

The conjunctiva

Eversion of the upper lid:



• FIG. 8.15 Everting upper eyelid. (A) Placing the applicator above
the globe. (B) Withdrawing the lid from the globe. (C and D) Double
eversion of the upper lid using a Desmarre retractor. Source: (A and

B) From Jane W. Ball, Joyce E. Dains, John A. Flynn, Barry S.
Solomon, Rosalyn W. Stewart. Seidel’s Guide to Physical

Examination. 8th ed. St. Louis: Mosby; 2015. pp. 204–230.



The sclera



The cornea

The corneal surface

placido
keratoscopic disc

• FIG. 8.16 Placido keratoscopic disc.





• FIG. 8.17 (A) Pentacam keratoconus; (B) Pentacam normal.



Vascularization
new vessels



• FIG. 8.18 (A) Types of corneal vascularization: a, arborescent
(superficial) type; b, terminal loop type; c, brush type; and d, umbel

type. (B) Slit-lamp photograph of deep corneal vascularization
viewed by retroillumination.

Sensations

Staining
corneal epithelium corneal

staining



Opacities of the cornea

superficial punctate keratitis
keratic precipitates

The anterior chamber

Depth



• FIG. 8.19 Assessing the depth of the anterior chamber by shining a
torch from the temporal side of the right eye. (A) Normal anterior

chamber depth with good illumination of the nasal iris and (B) shallow
anterior chamber with the absence of illumination of the nasal iris, i.e.

a nasal shadowing to the right.



• FIG. 8.20 The van Herrick method of assessing the peripheral
anterior chamber depth using a slit lamp.



TABLE 8.2

Aqueous Flare and Cells Measured by Counting within
the Field Visible with a Slit Lamp Keeping the Beam at
Maximum Intensity

Source: Modification of the technique originally described by Hogan MJ, Kimura SJ,
Thygeson P. Signs and symptoms of uveitis. Anterior uveitis. Am J Ophthalmol
1959;47:155–70.d6/6000 = hand motion at 2 feet.

Contents

aqueous flare



• FIG. 8.21 (A) Aqueous flare, showing particles suspended in the
anterior chamber as seen by a slit lamp (light coming from the right)

in a case of cyclitis. (B) Slit-lamp image showing fine keratic
precipitates on the posterior surface of the cornea in a case of

nongranulomatous anterior uveitis.



hypopyon).

(hyphaema).

The iris

iridodonesis

position

synechiae

The pupil
Abnormal size of the pupil



see

absolute
paralysis of the pupil

ophthalmoplegia
interna

Unilateral



Horner syndrome

Pupillary reflexes



direct reaction to light

consensual reaction to light

hemianopic pupillary reaction



Marcus Gunn
pupil afferent pupillary defect

• FIG. 8.22 Swinging flashlight test. Source: From Harold A. Stein,
Raymond M. Stein, Melvin I. Freeman, eds. The Ophthalmic
Assistant. 9th ed. London: Saunders; 2013. Pp. 111–142.

reaction to convergence and accommodation



Abnormal reactions of the pupil
see

Argyll Robertson pupil

light near dissociation
tonic pupil



The lens

see

The posterior chamber

Slit-lamp biomicroscopy



Diffuse illumination

• FIG. 8.23 Slit-lamp view of a corneal opacity (adherent leucoma) in
diffuse illumination.

Focal illumination



direct focal
indirect focal



• FIG. 8.24 (A) Slit-lamp examination with direct focal illumination
where the slit is placed over the specific area of interest. (B) Slit-lamp

examination with indirect focal illumination where the slit is placed
adjacent to the specific area of interest, and retroillumination (inset)

where the beam is aligned to allow the light to be reflected back from
behind the area of interest.

Retroillumination



Specular reflection

• FIG. 8.25 Slit-lamp view of examination in the zone of specular
reflection showing hexagonal endothelial cells and central guttate

spots in a patient with Fuchs endothelial dystrophy.

Scleral scatter



Tonometry

tonometers

Indentation tonometer
indentation tonometer



• FIG. 8.26 Tonometry: palpation and Schiøtz techniques. Source:
From James R. Roberts. Chapter 62: Ophthalmologic Procedures. In:

Kevin J. Knoop, William R. Dennis, eds. Roberts and Hedges’
Clinical Procedures in Emergency Medicine. 6th ed. Philadelphia:

Saunders; 2014. pp. 1259–1297.



Applanation tonometer
applanation tonometer



• FIG. 8.27 (A) Fluorescein-stained mires of the applanation
tonometer. End point of perfect alignment of mires when recording
intraocular pressure with the Goldmann applanation tonometer. (B)

1–4: Incorrect alignment.



Gonioscopy

gonioscopes indirect
gonioscope

direct gonioscope



• FIG. 8.28 The Goldmann contact lens used for gonioscopy with the
slit-lamp microscope. (A) The figure shows the path of light rays

through the lens. They are reflected by the mirror into the angle and
again, as they emerge, into the objectives of the slit-lamp

microscope. (B) In a shallow anterior chamber, the gonioscope may
need to be moved towards the angle being viewed or the patient is
made to look towards the mirror to allow visualization of the angle

structures. (C) Indentation gonioscopy also allows visualization of the
angle in an eye with a narrow angle by displacing aqueous from the
centre peripherally so that the iris is pushed backwards at the angle.



TABLE 8.3

Commonly Used Lenses for Gonioscopy

• FIG. 8.29 (A) The angle of the anterior chamber seen with a
gonioscope: SL, Schwalbe line; TM, trabecular meshwork; and CB,

ciliary body band. The scleral spur is the white line seen between CB
and TM. A slit (B) allows identification of the Schwalbe line (SL) as

the point where the corneal epithelial and endothelial surfaces meet.
The slit beam permits evaluation of the angle between the corneal

endothelium and peripheral iris. (B) Diagrammatic representation of
the anterior chamber angle (top) and gonioscopic view (below). The
figure on the extreme left shows a fully open anterior chamber angle
and on the extreme right a fully closed angle. The figure in the centre

shows a narrow-angle recess.



Transillumination

indirect transillumination



Examination of the posterior segment
and orbit

Ophthalmoscopy

routine of ophthalmoscopic examination



• FIG. 8.30 The different techniques of examination for assessing
the clarity of the ocular media and posterior segment of the eye. (A)
Preliminary examination at 1 m; (B) distant direct ophthalmoscopy;

(C) direct ophthalmoscopy; (D) slit-lamp biomicroscopy with a +90 D
lens. All the tests are performed better with the room lights dimmed.



examination with the plane mirror alone,

Examination at a convenient distance for near vision (22 cm):

Examination by indirect ophthalmoscopy







• FIG. 8.31 Ophthalmoscopy (A) Direct method (i) Illumination of
the fundus, showing the course of rays from the source of light to the

mirror and through the eye; also the area of illumination. Compare
with Fig. 8.31 (B) (i). (ii) Light from a bulb is condensed by a lens, L’,
and reflected off a two-way mirror, M, into the patient’s eye, P. The
observer, O, views the image of the patient’s illuminated retina by

dialing in the requisite focusing lenses at L. (iii) Emergent rays from
the fundus of the observed eye, O1, showing the formation of the

retinal image on the retina of the observer’s eye, O2. In emmetropia,
E, the emergent parallel rays are brought to a focus on the retina of

O2 if the accommodation of this eye is absolutely at rest. In
hypermetropia, H, the emergent divergent rays are brought to a focus
on the retina of O2, either by means of accommodation or by placing



a convex lens in front of O2. In myopia, M, the emergent convergent
rays can only be brought to a focus on the retina of O2 by placing a

concave lens in front of O2. (B) Indirect method. (i) Illumination of the
fundus, showing the course of rays from the source of light to the

mirror and through the eye; also the area of illumination. (ii)
Emergent rays from the fundus, showing the formation of the image.
In the figure the lens is situated at the anterior focal plane of the eye;
the rays which are parallel inside the eye, therefore, pass through the

optical centre of the lens. The rays which pass through the nodal
point of the eye are rendered convergent by the lens. The points

where these two systems of rays cross give the position of the image,
which is seen to be inverted. (iii) Position of the image according to
the refraction of the eye. In this figure the lens is situated at its own
focal distance from the cornea. In emmetropia the parallel emergent

rays, therefore, cross at the principal focus of the lens at E. In myopia
the convergent emergent rays cross nearer to the lens than its

principal focus, at M; in hypermetropia the divergent emergent rays
cross further from the lens than its principal focus, at H.

Examination by direct ophthalmoscopy



if the
correcting lens is at the anterior focus of an emmetropic eye,

Slit-lamp biomicroscopy of fundus with condensing
lenses



• FIG. 8.32 Optics of a noncontact convex lens showing an inverted
aerial image of the vitreous and the retina.



• FIG. 8.33 Optics of the Hruby lens. (A) The image of the fundus
appears in plane P; (B) a limited area of the fundus is seen.



• FIG. 8.34 (A) Posterior fundus contact lens; (B) posterior fundus
contact lens with the image appearing in plane P.



• FIG. 8.35 Goldmann three-mirror contact lens and the diagram of
optical principles.

Summary





Suggested reading

http://archive.icoph.org/pdf/ICOMedicalStudentEnglish.pdf
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Specular Microscopy (Imaging the Corneal Endothelium), 118
Estimating Corneal Curvature (Topography) and
Thickness (Pachymetry), 118

Anterior Segment Optical Coherence Tomography, 119
Ultrasound Biomicroscopy, 119
Fluorescein Angiography, 119

Indocyanine Green Angiography, 119
Ultrasonography, 119
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Electro-Oculography, 124
Visual Evoked Potential, 125

Magnetic Resonance Imaging, 125

Learning objectives



• To know the different investigation modalities in ophthalmology.
• To interpret ophthalmic imaging modalities.

Specular microscopy (imaging the corneal
endothelium)

corneal endothelium



• FIG. 9.1 (A) Diagram of the clinical specular microscope with: 1,
viewing lamp; 2, condensing lens; 3; xenon flash tube; 4, slit

aperture; 5, condensing lens; 6, objective lens; 7, dipping cone lens;
8, attachment for focussing; 9, eyepiece lens; and 10, viewing
screen. (B) Normal corneal endothelium as photographed by

specular microscopy. A quasi-regular array of hexagonal cells, all
having nearly the same area, is seen. (Source (A) Courtesy of W. M.

Bourne and H. E. Kaufman. Published with permission from Am J
Ophthalmol 1976;81:319–23. Copyright by the Ophthalmic Publishing

Co., 24 April 1981; (B) From Jay H. Krachmer, Mark J. Mannis,
Edward J. Holland. Chapter 14: Specular microscopy. In: Beth Ann
Benetz, Richard Yee, Maria Bidrsos, eds. Cornea. 3rd ed. London:

Mosby; 2011. pp. 177–203.)



Estimating corneal curvature (topography) and
thickness (pachymetry)



• FIG. 9.2 (A) Pentacam keratoconus; (B) Pentacam normal.



Anterior segment optical coherence
tomography

• FIG. 9.3 Quantitative analysis of anterior segment dimensions
including corneal thickness, anterior chamber depth, angle-to-angle

distance and angle width in degrees (Visante™). (Source: From
Tarek M. Shaarawy, Mark B. Sherwood, Roger A. Hitchings, and
Jonathan G. Crowston, eds. Glaucoma: Medical Diagnosis and

Therapy, 1st ed. Edinburgh: Saunders Ltd.; 2009. pp. 197–205.)

Ultrasound biomicroscopy



• FIG. 9.4 Ultrasound biomicroscopy image of a trabeculectomy
bleb.

Fluorescein angiography





• FIG. 9.5 Normal fluorescein angiogram. (A) Choroidal flush.
Fluorescein dye appears first in the choroid, 1–2 seconds before the
dye reaches the retinal arterial circulation. When present, cilioretinal
arteries fill along with the choroidal flush since both are supplied by

the short posterior ciliary arteries. (B) Arterial phase. The arterial
phase occurs when the fluorescein dye enters the retinal arteries.

The normal ‘arm-to-retina’ circulation time is approx. 12 seconds. (C)
Arteriovenous phase. The arteriovenous phase of the angiogram
comprises the time when the retinal arteries, capillaries and veins

contain fluorescein. In the early arteriovenous phase, thin columns of
fluorescein are visualized along the walls of the larger veins (laminar
flow). (D) Venous phase. As the fluorescein dye begins to exit from
the retinal arteries and capillaries, the concentration of fluorescein

within the veins increases, resulting in a decrease in fluorescence of
the arteries and an increase in fluorescence of the veins. (E) Mid-
phase. The recirculation phase occurs approx. 2–4 minutes after

injection. The veins and arteries remain roughly equal in brightness.
The intensity of fluorescence diminishes slowly during this phase as
fluorescein is removed from the bloodstream by the kidneys. (F) Late

phase. The late phase of the angiogram demonstrates the gradual
elimination of dye from the retinal and choroidal vasculature. Staining

of the optic disc is a normal finding. Any other areas of late
hyperfluorescence suggest the presence of an abnormality, usually

the result of fluorescein leakage. (Source: Timothy J. Bennett, David
A. Quillen, James D. Strong, eds. Albert & Jakobiec’s Principles &
Practice of Ophthalmology. W.B. Saunders Company; 2008. pp.

1689–1704.)



Indocyanine green angiography

Ultrasonography

A-Scan



• FIG. 9.6 A-scan technique.

B-Scan



• FIG. 9.7 B-scan technique.



• FIG. 9.8 (A) B-scan ultrasound scan of an eye with
rhegmatogenous retinal detachment and proliferative

vitreoretinopathy (PVR). A high-intensity echo with a V or funnel
shape emanating from the optic disc and lack of mobility of the

detached retina are characteristic of advanced PVR. (B)
Microphthalmos with orbital cyst. i, Cystoid space is seen on the B-
scan within the muscle cone, which is interpreted as a completely

separated coloboma. ii, A-scan image. iii, Schematic drawing.



(Source: (A) From Stephen J. Ryan, Srinivas R. Sadda, David R.
Hinton, et al., eds. Retina, 5th ed. London: Saunders; 2013. pp.

1806–1825; (B) From Stephen Ryan, Srinivas Sadda, eds. Ryan’s
Retinal Imaging and Diagnostics. 1st ed. London: Saunders; 2013.

pp. e228–e285.)

Posterior segment optical coherence
tomography

in vivo

• FIG. 9.9 Optical coherence tomography of macular oedema.



• FIG. 9.10 Ocular coherence tomography of the macula in a patient
with dry ARMD showing (A) drusen on funduscopy with (B) superiorly
few and (C) inferiorly numerous drusenoid changes at the level of the

retinal pigment epithelium (RPE) indicated by the less reflective
material deposited beneath the hyperreflective band of the RPE.

Electrophysiological tests

electrophysiological techniques

Electroretinography
electroretinography resting potential

negative a-wave

positive b-wave



C-wave

• FIG. 9.11 Typical electroretinogram showing a, b and c waves. The
dip in the lower line indicates the point of stimulation.



• FIG. 9.12 Types of electroretinogram. Upper curve, ERG. Lower
curve, photometric record of light flash.



Electro-oculography



• FIG. 9.13 Electro-oculographic recording of a patient with night
blindness. DT, dark trough; LT, light trough.

Visual evoked potential





• FIG. 9.14 (A) Visual evoked response (VER) in a patient suffering
from an acute attack of retrobulbar neuritis in the right eye. Note the
markedly reduced amplitude on the right side. (B) VER in the same

patient after he had recovered from an attack of retrobulbar neuritis in
the right eye. Note that the first negative peak in particular is very
slightly delayed compared with the left. The difference is small but

significant.



• FIG. 9.15 Printout of the flash visual evoked potential of a patient
with optic neuritis in the right eye, showing a reduced amplitude and

increased latency.

Magnetic resonance imaging



Summary
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Systemic Administration, 128

Chemotherapy in Infective Conditions, 128
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Anti-Inflammatory Therapy, 132
Corticosteroids, 132
Nonsteroidal Anti-inflammatory Drugs, 134

Therapy for Ocular Allergies, 134
Antihistamines, 134
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Drugs Affecting the Pupil and Accommodation, 134
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Irrigating Solution, 135
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Learning objectives

• To know about ophthalmic drug delivery systems.
• To understand how to prescribe antibiotics and antiviral and
antifungal agents.
• To learn the basic principles underlying the use of various
pharmacological agents in the treatment of various eye
diseases.

Routes of administration



Topical instillation



• FLOWCHART 10.1 Absorption of topical medications.



Subconjunctival injections

Peribulbar/subtenon injections

Intraocular injection



Systemic administration

Chemotherapy in infective conditions
Antibiotics

Chlamydia



TABLE 10.1

Antibacterial Ocular Medications: Dosages and Routes
of Administration

Penicillins

Pseudomonas aeruginosa

Cephalosporins

Cefazolin

Cephradine

Staphylococcus aureus



Ceftazidime
Pseudomonas

Aminoglycosides

Soframycin
P. pyocyanea.

Gentamicin

P. pyocyanea Pseudomonas

Neomycin

Tobramycin Pseudomonas



Amikacin

Tetracyclines

Macrolide and lincomycin groups

Chlamydia Toxoplasma gondii

Glycopeptides



Staphylococcus aureus Staphylococcus epidermidis

Fluoroquinolones

Haemophilus
influenzae Staphylococcus aureus Staphylococcus epidermidis and
Streptococcus pneumoniae

Other antibiotics
Chloramphenicol:

Polymyxins

P. pyocyanea

Sulphonamides



Antiviral agents

Pyrimidine derivatives

Trifluorothymidine

Purine derivatives
Acyclovir



Ganciclovir

Other antiviral agents
Foscarnet

Zidovudine



TABLE 10.2

Antiviral Ocular Medications

Antifungal agents

Polyene antibiotics
Amphotericin B

Nystatin Candida
albicans.

Natamycin
Candida albicans

Imidazoles

Acanthamoeba

Acanthamoeba



Miconazole

Ketoconazole Candida
Aspergillus

Fluconazole Candida Cryptococcus

Itraconazole

Cryptococcus

Aspergillus

TABLE 10.3

Antifungal Medications

Anti-inflammatory therapy
Corticosteroids



• FLOWCHART 10.2 The inflammatory cascade and anti-
inflammatory therapy. PG, prostaglandins; 5-HPETE, 5-hydroxyper

oxyeicosatetraenoic acid.





TABLE 10.4

Commonly Used Steroids and their Anti-Inflammatory
Potency



Nonsteroidal anti-inflammatory drugs

Indomethacin

Flurbiprofen

Ketorolac

Diclofenac

Therapy for ocular allergies

Antihistamines



Mast cell stabilizers

Cromolyn sodium

Ketotifen

Lodoxamide

Olopatadine

Drugs affecting the pupil and
accommodation

Cycloplegics and mydriatics

Anticholinergic drugs



Atropine

Cyclopentolate

Tropicamide

Sympathomimetics

Medical therapy for dry eye



Pharmacological agents used in intraocular
surgery



Irrigating solution

Viscoelastics or viscosurgical devices

Sodium hyaluronate



chondroitin sulphate sodium
hyaluronate

TABLE 10.5

Different Ocular Viscosurgical Devices (OVDs) Used
During Cataract Surgery

Dyes

Antimitotic agents or antimetabolites

5-Fluorouracil



Mitomycin C Streptomyces
caespitosus

Anti-VEGF agents

Riboflavin for corneal collagen cross-linking



Lasers in ophthalmology

TABLE 10.6

Lasers Used In Ophthalmology

aRetinal photocoagulation includes treatment for diabetic retinopathy, other causes of retinal
neovascularization or retinal oedema, retinal breaks, central serous retinochoroidopathy,
subretinal neovascular membranes, small retinal tumours and angiomas. Argon green laser
is the most widely used, but other lasers are increasingly being used as substitutes in
certain situations.



Summary



Suggested reading
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Common Symptoms, 141
Clinical Signs, 141

Conjunctivitis, 142
Definition, Aetiology and Pathophysiology of Different
Types of Conjunctivitis, 142
Infectious or Infective Conjunctivitis, 143
Noninfectious Conjunctivitis, 155
Endogenous or Immune System-Mediated
Conjunctivitis, 157

Degenerative Changes in the Conjunctiva, 159
Concretions (Lithiasis), 159
Pinguecula, 159
Pterygium, 159

Conjunctival Cysts and Tumours, 160



Tumorous Conditions, 161
Dry Eye Syndromes and Disorders of the Ocular Surface, 163

Xerosis (Xerophthalmia) 163
Keratoconjunctivitis Sicca (Sjögren Syndrome), 163
Dry Eye, 163
Symblepharon, 164
Conjunctivochalasis, 164
Argyrosis, 165

Learning objectives

• To have a basic understanding of conjunctival anatomy and
physiology.
• To learn how to diagnose and treat conjunctivitis.
• To know how to detect and remove extraocular foreign bodies.
• To have knowledge to recognize ocular surface malignancies
and arrange timely referral.
• To learn how to identify dry eye and initiate preliminary
treatment.

Anatomy and physiology

palpebral bulbar
fornices



• FIG. 11.1 The conjunctival areas: 1, marginal; 2, tarsal; 3, orbital;
4, fornix; 5, bulbar; and 6, limbal.

Histology

the intermarginal strip
sulcus subtarsalis



Blood supply

Lymphatics

Nerve supply

Functions



tear film

mucinous layer

aqueous layer

lipid layer

Microbiology



Staphylococcus albus S.
epidermidis Propionibacterium acnes, Neisseria catarrhalis,
Corynebacterium xerosis

Corynebacterium xerosis
Corynebacterium diphtheriae

Streptococcus
Escherichia coli, Bacillus Proteus, Neisseria gonorrhoeae Haemophilus
aegyptius Moraxella
Streptococcus pneumoniae, N. gonorrhoeae Pseudomonas pyocyanea

Chlamydia

Common clinical features of conjunctival
disorders

Common symptoms



Clinical signs
Hyperaemia or redness of the conjunctiva

Conjunctival discharge

Foreign body sensation



Follicles

Papillae



• FIG. 11.2 Follicular conjunctivitis.

Granulomas

Subconjunctival haemorrhage



• FIG. 11.3 Subconjunctival haemorrhage.



Chemosis

Acute inflammations:

Obstruction to the circulation:

Systemic conditions:



• FIG. 11.4 Chemosis of the conjunctiva.

Conjunctivitis

Definition, aetiology and pathophysiology of different
types of conjunctivitis



TABLE 11.1

Classification of Conjunctivitis

Infectious or infective conjunctivitis

Acute conjunctivitis

Chronic conjunctivitis

Neonatal conjunctivitis

Acute conjunctivitis

Bacterial conjunctivitis
.

Staphylococcus
aureus





TABLE 11.2

Important Specific Varieties of Bacterial Conjunctivitis

N. gonorrhoeae

hyperacute’ conjunctivitis acute blennorrhoea

N. gonorrhoeae Neisseria meningitides,
Staphylococcus aureus, Streptococcus

H. aegyptius



diagnosis
scrapings

Topical drugs:

Systemic medications



Supportive management:

Chlamydial conjunctivitis
Chlamydia trachomatis

Chlamydia inclusion conjunctivitis

swimming pool conjunctivitis



Note: Chlamydia trachomatis

C trachomatis.

Chlamydia

Viral conjunctivitis



Follicular conjunctivitis

Acute follicular conjunctivitis

Subacute or chronic follicular conjunctivitis

Epidemic keratoconjunctivitis



• FIG. 11.5 Viral conjunctivitis. (A) Acute follicular reaction. The inset
shows diffuse conjunctival congestion. (B) Subepithelial corneal

opacities following adenoviral conjunctivitis.

Note:

Pharyngoconjunctival fever

Newcastle conjunctivitis



Haemorrhagic conjunctivitis

Herpetic conjunctivitis

Chronic infective conjunctivitis



Trachoma

Prevalence.

Aetiology

Causative organisms: Chlamydia
trachomatis

chylamydos

C. trachomatis C psittaci.
Predisposing factors:

Age:

Gender:
Environmental factors:



Source of infection:

Clinical features

lacrimation

conjunctiva



• FIG. 11.6 Follicles in the upper palpebral conjunctiva.

implication of the cornea

trachomatous pannus



• FIG. 11.7 Trachomatous pannus.

progressive pannus

regressive pannus

Corneal ulcers

Course and prognosis.



H. aegyptius,

Sequelae.

trachomatous ptosis .

entropion
trichiasis
tylosis

Diagnosis

C. trachomatis



Trachoma stage I

Trachoma stage II

Trachoma stage III

Trachoma stage IV



TABLE 11.3

World Health Organization (WHO) Classification of
Trachoma (FISTO)

Treatment.

Granulomatous conjunctivitis



Parinaud oculoglandular syndrome.

Rochalimaea henselae

Cat-scratch disease
Rochalimaea henselae



Lymphogranuloma venereum
C.

trachomatis

Chlamydia

Tuberculosis of the conjunctiva

Mycobacterium tuberculosis



Syphilis
primary

chancre

Treponema

Tularaemia

Francisella
tularensis



Ophthalmia nodosa

Leprosy

Fungal conjunctivitis
Aspergillus, Candida albicans, Nocardia,

Leptothrix Sporothrix

Rhinosporidium seeberi



Ophthalmia neonatorum
neonatal conjunctivitis

Aetiology

Causative agents

Neisseria gonorrhoeae.
Neisseria gonorrhoeae



Note:

Chlamydia trachomatis.
Chlamydia trachomatis inclusion conjunctivitis

Chlamydia oculogenitalis



• FIG. 11.8 (A) Chlamydial conjunctivitis in a newborn. (B)
Intracytoplasmic inclusion bodies (1) found after scraping the

palpebral (lid) conjunctiva, followed by Giemsa staining. (Source:
From David Palay, Jay Krachmer. Primary Care Ophthalmology. 2nd

ed. Philadelphia: Elsevier; 2005.)

Other bacteria.
Streptococcus pneumoniae

.

Chemical toxicity



Investigations

N. gonorrhoeae

C.
trachomatis

Staphylococcus aureus
Streptococcus pneumoniae Haemophilus



TABLE 11.4

Ophthalmia Neonatorum: Mode of Presentation,
Differential Diagnosis and Treatment

Neisseria
gonorrhoeae

Herpes simplex

Chlamydia
trachomatis

Treatment
prophylactic

Prophylaxis.

Chlamydia,

Curative treatment.
ophthalmia neonatorum



Penicillinase-producing N. gonorrhoeae

Chlamydial ophthalmia

Bacterial ophthalmia

C. trachomatis

herpes simplex

chemical toxicity

Noninfectious conjunctivitis

Allergic conjunctivitis



seasonal
allergic conjunctivitis hay fever conjunctivitis



Vernal conjunctivitis (vernal keratoconjunctivitis or spring
catarrh)

palpebral form



• FIG. 11.9 (A) Vernal keratoconjunctivitis: palpebral form; (B) vernal
keratoconjunctivitis: bulbar form.

limbal or bulbar form

Mixed form:

Topical therapy:



Local therapy:

Surgical treatment:

Systemic therapy:

Supportive therapy:

Atopic keratoconjunctivitis



Giant papillary conjunctivitis

Endogenous or immune system-mediated conjunctivitis



Phlyctenular conjunctivitis



• FIG. 11.10 Limbal phlyctenular conjunctivitis.

Conjunctivitis associated with systemic disorders
erythema multiforme

Stevens–Johnson syndrome



Reiter disease,

Behçet disease

Sarcoidosis

Ocular cicatricial pemphigoid
benign mucous membrane

pemphigoid,



erythema nodosum, dermatitis herpetiformis,
epidermolysis bullosa hydroa vacciniforme

Stevens–johnson syndrome (erythema multiforme major)

Mycoplasma pneumoniae



Ocular rosacea
See

Toxic and chemical conjunctivitis

Phthirus pubis

Traumatic conjunctivitis
see

Nonspecific chronic conjunctivitis





conjunctivitis
meibomiana

Degenerative changes in the conjunctiva

Concretions (lithiasis)

Note:

Pinguecula

pinguis



Pterygium

• FIG. 11.11 (A) Pterygium presenting as a wing-shaped extension
of the conjunctiva over the cornea. (B) Recurrence of pterygium after

surgery with coincidental arcus senilis.



early stages

• FIG. 11.12 Symblepharon superiorly forming a pseudopterygium.



• FIG. 11.13 Pterygium surgery. (A) Pterygium; (B) excised leaving
an area of bare sclera; and (C) autoconjunctival graft placed over the

conjunctival defect.

Conjunctival cysts and tumours



lymphangiectasis
lymphangioma retention cysts

cysticercus hydatid
Epithelial implantation cysts

Tumorous conditions

Congenital tumours

choristomas



• FIG. 11.14 Limbal dermoid.

Note:

Papillomata

Simple granulomata



Pyogenic granuloma

Squamous cell carcinoma (epithelioma)

Bowen intraepithelial epithelioma
carcinoma in situ

Basal cell carcinoma (rodent ulcer)

Lymphomas



Kaposi sarcoma

Pigmented tumours

Naevi congenital moles



• FIG. 11.15 Naevus of the conjunctiva.

Precancerous melanosis

Malignant melanoma



• FIG. 11.16 (A) Malignant melanoma of the conjunctiva. This lesion
can arise de novo, from a pre-existing nevus or from pre-existing
Primary Acquired Melanosis (PAM) with atypia. This tumour may
appear on the palpebral conjunctiva or the bulbar conjunctiva and

commonly occurs at the limbus. It is elevated and highly vascular and
is occasionally accompanied by a haemorrhagic component, as in
this case. (Source: From Jay H. Krachmer, David A. Palay, eds.
Cornea Atlas, 3rd ed. London: Saunders; 2011. pp. 44–61.) (B)

Malignant melanoma of the bulbar conjunctiva.



Dry eye syndromes and disorders of the
ocular surface

Xerosis (xerophthalmia)

As a sequel of a local ocular affection

see

Corynebacterium
xerosis

Associated with general disease:



Bitot
spots .
Corynebacterium xerosis

• FIG. 11.17 Bitot spot.



Keratoconjunctivitis sicca (sjögren syndrome)

Dry eye





• FIG. 11.18 Rose bengal 1% drops instilled in the conjunctival sac
stain the devitalized epithelium in a patient with dry eye.

Tear supplements:

Preservation of the natural tears:

trans

Symblepharon



Treatment

Conjunctivochalasis

• FIG. 11.19 Conjunctivochalasis.



Argyrosis

Summary



Suggested reading
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Corneal Dystrophies, 186
Epithelial and Subepithelial Dystrophies, 186
Bowman Layer Dystrophies, 186
Stromal Corneal Dystrophies, 187
Endothelial Corneal Dystrophies, 188

Degenerative Changes, 188
Arcus Senilis, 188
Arcus Juvenilis, 188
Terrien Marginal Degeneration, 188
Band-Shaped Keratopathy, 189
Climatic Droplet Keratopathy, 189
Salzmann Nodular Degeneration, 189
Other Degenerative Changes, 189

Ectatic Conditions, 190
Keratoconus (Conical Cornea), 190
Keratoglobus, 191
Pellucid Marginal Degeneration, 191

Miscellaneous Conditions, 191
Vitamin A Deficiency and Keratomalacia, 191
Exposure Keratopathy, 192
Neurotrophic Keratopathy, 192
Neuroparalytic Keratopathy, 192
Superior Limbic Keratoconjunctivitis, 192
Vernal Keratopathy, 193



Aphakic and Pseudophakic Bullous Keratopathy, 193
Photophthalmia, 193
Deposition of Materials in the Cornea, 193
Cornea Verticillata, 193
Congenital Opacities of the Cornea, 194
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Learning objectives

• To have basic knowledge of cornea in health and how it is
affected in disease.
• To have proper understanding of examination of cornea and
perform basic investigation.
• To develop ability to diagnose and manage common corneal
disorders such as ulcer, opacity, exposure keratitis and vitamin
A deficiency (keratomalacia).
• To know and understand the foundation of safe and effective
eye banking and corneal transplantation.



Anatomy and physiology

limbus sulcus
sclerae

• FIG. 12.1 (A and B) Diagrammatic representation of the normal
eye, as seen with the slit lamp. View of the front surface shows an

elliptical shape. The light (arrowed) is coming from the left and in the
beam of the slit lamp the sections of the cornea and the lens are
clearly evident. (C) Section of normal human cornea stained with

haematoxylin and eosin.  Source: (Courtesy of S. Kashyap.)



TABLE 12.1

Anatomical Dimensions of the Normal Cornea

substantia propria



see



Na –K ATPase pump



An overview of diseases of the cornea

Pathophysiology



Keratitis

superficial keratitis
superficial punctate keratitis

deep keratitis
stromal interstitial keratitis endotheliitis

epithelial defect

abrasion erosion

corneal ulcer



• FIG. 12.2 Corneal epithelial defect stained with fluorescein.

corneal scar

General clinical features: Symptoms, signs and
diagnosis

symptoms



signs

examination



Surface irregularities corneal reflex

curvature

corneal thickness

corneal endothelium zone of
specular reflection

• FIG. 12.3 Corneal keratocytes (A) and endothelial cells (B)
recorded with the confocal microscope.  Source: (Courtesy of M.

Vanathi.)

Corneal opacity

Nebula or a nebular corneal opacity:

Macula or a macular corneal opacity:



Leucoma or a leucomatous corneal opacity:

Adherent leucoma:

corneoiridic scar anterior staphyloma



• FIG. 12.4 The optical effect of a small central or paracentral
complete leucoma. Light falling upon it is not irregularly refracted and

does not distort the retinal image.

Corneal oedema
Corneal oedema

vesicular or
bullous keratopathy



Striate keratopathy

Filamentary keratopathy



• FIG. 12.5 Patient with dry eye disease and filamentary keratitis (A)
before and (B) after a course of preservative-free topical steroids.

(Source: From Jay H. Krachmer, Mark J. Mannis, Edward J. Holland.
Chapter 36: Dry Eye. In: Nariman Nassiri, Ali Djalilian, Pedram

Hamrah, et al., eds. Cornea. 3rd ed. London: Mosby; 2011. pp. 425–
443.)

Keratic precipitates
keratitis punctata

see



Hypopyon

hypopyon

Pseudomonas pyocyanea,



Prominent or enlarged corneal nerves



• FIG. 12.6 Enlarged corneal nerves.

Vascularization of the cornea

Inflammation (keratitis)

Exogenous infections:

Endogenous infections or inflammation:



marginal keratitis marginal corneal ulcers
Contiguous spread from the ocular tissues:

Based on location:
Based on the nature of aetiology:

Infections affecting the cornea
suppurative nonsuppurative

ulcerative
nonulcerative

Superficial purulent keratitis



deep stromal keratitis

disciform keratitis

Streptococcus Peptostreptococcus Pseudomonas Candida,



• FIG. 12.7 Infectious crystalline keratopathy.

Loss of corneal sensations

Infectious keratitis and corneal ulcers



TABLE 12.2

Clinical Differential Diagnosis of Corneal Ulcers

Symptoms, signs and diagnosis

Investigations



Escherichia coli Acanthamoeba

Bacterial corneal ulcers

Causative organisms

Pseudomonas Staphylococcus aureus S. albus Pneumococcus
Neisseria gonorrhoeae Escherichia coli,

N. gonorrhoeae Corynebacterium
diphtheriae

Mode and source of infection



Pathology

progressive stage

keratouveitis

hypopyon



• FIG. 12.8 (A) Hypopyon ulcer: c–e, the extent of the ulcer; b–c,
actively infiltrated border; c–d, mass of leucocytes and fibrin adherent

to the endothelial surface; f–g, hypopyon. (B) Hypopyon (left) with
shifting fluid level on tilting the head (right) in a case of bacterial

keratitis. (C) Bacterial corneal ulcer with hypopyon.

regressive stage
healing process

cicatrization



corneal facets

Fungal corneal ulcers
Mycotic fungal keratitis

Aspergillus, Fusarium
Candida albicans.

Wessely



• FIG. 12.9 (A) Fungal corneal ulcer showing a dry looking ulcer with
feathery margins and thick hypopyon. (B) Fungal corneal ulcer with

satellite lesions.

General complications of corneal ulcers

ectatic cicatrix

keratocoele
descemetocoele



• FIG. 12.10 Descemetocoele.

anterior synechia



prolapse of the iris

• FIG. 12.11 (A) A longitudinal section of the topography of the
lesion. (B) Perforated corneal ulcer with iris prolapse and

pseudocornea formation with evidence of vascularization and
scarring as part of the healing response.

secondary glaucoma

anterior staphyloma



corneoiridic scar

anterior capsular
cataract

corneal fistula

total prolapse of the iris
pseudocornea

spontaneous expulsion of the lens and vitreous

intraocular haemorrhage

expulsive haemorrhage

Purulent iridocyclitis endophthalmitis panophthalmitis

General principles of treatment of corneal ulcers



Treatment of bacterial corneal ulcers

TABLE 12.3

Antibiotics for the Treatment of Bacterial Corneal Ulcers



Treatment of fungal corneal ulcers

Aspergillus Fusarium
Candida

Cauterization

Management of corneal scar:



corneal grafts
Lamellar keratoplasty

full-
thickness penetrating graft

cosmetic contact
lens Tattooing

Treatment of a perforated ulcer

tissue adhesive N



Viral infections of the cornea

Causative organisms
Chlamydia

trachomatis

Characteristic features
Punctate epithelial erosions multiple superficial erosions



Punctate epithelial keratitis superficial punctate keratitis

punctate subepithelial
keratitis

epidemic keratoconjunctivitis,
pharyngoconjunctival fever herpes, vaccinia

Thygeson superficial punctate keratitis

Principles of treatment

Herpes simplex

Herpes simplex virus



Mode of infection

• FIG. 12.12 Herpes simplex viral (HSV) conjunctivitis with
characteristic lid vesicles. (Source: From Neil J. Friedman, Peter K.

Kaiser, eds. Essentials of Ophthalmology. 1st ed. Edinburgh:
Saunders; 2007. Pp. 149–166.)

Clinical manifestations



SPK

dendritic ulcers

• FIG. 12.13 (A) Fluorescein-stained image showing keratitis
punctata and herpetic dendritic ulcer, (B) dendritic ulcer stained with
fluorescein and (C) dendritic corneal ulcer in a corneal graft stained

with Rose bengal dye. (Source: (A) From I. Carrillo-Arroyo, E.
Gutiérrez-Díaz, E. Mencía-Gutiérrez, et al. Archivos de la Sociedad

Española de Oftalmología 2012;87(2):47–49.)

disciform
keratitis



Treatment

Epithelial keratitis

Stromal keratitis including disciform keratitis , endotheliitis and
iridocyclitis



Herpes zoster ophthalmicus

Mode of infection



• FIG. 12.14 (A) Herpes zoster ophthalmicus. The patient with
(herpes) zoster ophthalmicus (skin in the innervation area of the first

trigeminal branch is affected by the infection with varicella zoster
virus, facial herpes zoster). The involvement of the surface epithelium
of the eye (cornea and conjunctiva) is particularly dangerous (risk of

blindness) and painful. The redness of the conjunctiva and the
narrowing of the eyelids are clearly visible. Lesions at the tip of the
nose indicate involvement of the nasociliary nerve, which is usually
associated with ocular involvement (Hutchinson sign). (B) Herpes

keratouveitis. The large coin-shaped subepithelial lesions are known
as nummular keratitis; the small dots below are keratic precipitates.
(Source: (A) From Friedrich Paulsen, Jens Waschke, eds. Sobotta



Atlas of Human Anatomy. Vol. 3, 15th ed. Munich: Urban & Fischer;
2013. pp. 211–342.)

Symptoms

Signs



Treatment

Systemic therapy.

Topical agents.



Parasitic infestations of the cornea

Protozoal infections



• FIG. 12.15 Acanthamoebic keratitis.

Helminthic infections

Immunologically mediated diseases



Phlyctenular keratitis

Treatment

Acne rosacea



• FIG. 12.16 (A) Mild marginal keratitis in a patient with acne
rosacea keratitis. Infiltrates are visible at the inferior limbus. (B)
Rosacea: keratitis. (Source: (B) From Jay H. Krachmer, Mark J.

Mannis, Edward J. Holland, eds. Cornea. 3rd ed. London: Mosby;
2011. pp. 749–761.)



Marginal ulcer (catarrhal ulcer)

Aetiology:

Moraxella Haemophilus

• FIG. 12.17 Marginal corneal ulcer secondary to staphylococcal
hypersensitivity.

Clinical features:



Treatment:

Chronic serpiginous ulcer (rodent ulcer, mooren ulcer)

• FIG. 12.18 Mooren ulcer showing a peripheral marginal ulcer with
an overhanging edge. (A) Early stage and (B) late stage.

Aetiology:



Symptoms:

Treatment:

Interstitial keratitis

Possible causes:

Cogan syndrome:



Interstitial keratitis due to inherited syphilis

Clinical features:



• FIG. 12.19 Cogan syndrome. This consists of interstitial keratitis,
vertigo and hearing loss. The interstitial keratitis usually begins in the
peripheral cornea with round, white stromal opacities. It is important
to recognize this diagnosis because early treatment with systemic

corticosteroids may prevent permanent hearing loss. Approximately
10% of patients with Cogan syndrome have evidence of a systemic

vasculitis. (Source: From Jay H. Krachmer, David A. Palay, eds.
Cornea Atlas. 3rd ed. London: Saunders; 2014. pp. 221–223.)

‘ghost vessels’



Diagnosis:

Treatment:

Disciform keratitis



Clinical features:

Corneal dystrophies



Epithelial and subepithelial dystrophies

Bowman layer dystrophies



• FIG. 12.20 Reis–Buckler corneal dystrophy.

Stromal corneal dystrophies



granular corneal
dystrophy nodular or granular dystrophy of Groenouw

• FIG. 12.21 Granular corneal dystrophy. Histological section stained
with Masson trichrome shows deposition of hyaline protein in the

stroma.  Source: (Right figure, courtesy of S. Kashyap.)

lattice form



• FIG. 12.22 Lattice corneal dystrophy. Histological section stained
with Congo red shows amyloid deposition in the stroma.

 Source: (Right figure, courtesy of S. Kashyap.)

macular form

• FIG. 12.23 Macular corneal dystrophy. Histological section stained
with colloidal iron shows deposits of mucopolysaccharide

glycosaminoglycans in the stroma.  Source: (Right figure, courtesy of
S. Kashyap.)



Endothelial corneal dystrophies
endothelial dystrophy

of Fuchs .

cornea guttata



• FIG. 12.24 Fuchs endothelial dystrophy.

Degenerative changes

Arcus senilis



see

• FIG. 12.25 Arcus senilis.

Arcus juvenilis



Terrien marginal degeneration

• FIG. 12.26 Terrien marginal degeneration.

Band-shaped keratopathy



• FIG. 12.27 Band-shaped keratopathy.

Treatment:

Climatic droplet keratopathy
oil droplet keratopathy



• FIG. 12.28 Climatic droplet keratopathy.

Salzmann nodular degeneration



• FIG. 12.29 Salzmann nodular degeneration.

Other degenerative changes

Ectatic conditions

Keratoconus (conical cornea)
Aetiology:



Signs:



Vogt striae

Fleischer ring





• FIG. 12.30 Keratoconus. (A) Munson sign. (B) Characteristic
conical steeping of the cornea in keratoconus. (C) Apical thinning and

scarring demonstrated in slit beam. (D) Massive hydrops in
keratoconus. Note the large tear in Descemet. (Source (A and B)
From Myron Yanoff, Jay S. Duker, eds. Ophthalmology. 4th ed.

Oxford: Saunders; 2014. pp. 252.e1–255.e1. (C) From James F.
Vander, Janice A. Gault, eds. Ophthalmology Secrets in Color. 3rd
ed. Philadelphia, PA: Elsevier Inc.; 2007. pp. 129–136. (D) From
Myron Yanoff, Jay S. Duker, eds. Ophthalmology. 4th ed. Oxford:

Saunders; 2014. pp. 252.e1–255.e1.)

acute hydrops



Treatment:

Keratoglobus



Pellucid marginal degeneration

• FIG. 12.31 Pellucid marginal degeneration. (Source: From Jack J.
Kanski, ed. Clinical Ophthalmology: A Synopsis. 2nd ed. London:

Butterworth–Heinemann; 2009. pp. 137–171.)

Miscellaneous conditions
Vitamin A deficiency and keratomalacia



keratomalacia

Treatment:

TABLE 12.4

Treatment Schedule for Keratomalaciaa

aA total of three doses are administered.

Modes of administration:



Exposure keratopathy

Clinical feature:

Treatment:

Neurotrophic keratopathy



Treatment:

see

Neuroparalytic keratopathy

see

Superior limbic keratoconjunctivitis



Treatment

Vernal keratopathy

Aphakic and pseudophakic bullous keratopathy



Treatment

Photophthalmia

Symptoms:



snow blindness

Prophylaxis

Deposition of materials in the cornea

gargoylism
calcareous degeneration dystrophia

urica
cystine

Fanconi syndrome

Wilson
disease



• FIG. 12.32 Kayser–Fleischer ring.

Cornea verticillata

Congenital opacities of the cornea
Congenital opacities



Pigmentation of the cornea

argyrosis

, see
Kayser–

Fleischer ring see

Tumours of the cornea
see

Surgery for corneal diseases

Keratoplasty or corneal grafting

Indications:



Donor tissue:

Corneal preservation:



Corneal allografts



• FIG. 12.33 Types of corneal grafts. (A) Schematic diagrams: 1,
inlay lamellar; 2, penetrating; 3, keratomileusis; 4, onlay lamellar

graft; (B) penetrating or ‘full-thickness’ corneal graft and (C) lamellar
or ‘partial thickness’ corneal patch graft.

autografting



Steps of keratoplasty:



Visual recovery

Complications

graft failure

Corneal graft rejection



• FIG. 12.34 Corneal graft rejection. (A) Graft oedema with
Descemet’s folds and (B) keratic precipitates on the endothelium.

Management:

Treatment

Phototherapeutic keratectomy

Contraindications

Complications



Refractive surgery
See

Keratoprosthesis

Eye donation and eye banking



Corneal Preservation Techniques Using Cold Storage at
4°C



Summary



Suggested reading

http://www.corneasociety.org/pdf/IC3D_Class_CornealDystrophies.pdf
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Learning objectives

• To learn how to detect and diagnose common scleral diseases.
• To understand how scleral disorders are linked with systemic
disorders.

Anatomy and physiology

Inflammation

Episcleritis



Aetiology:

Symptoms:



• FIG. 13.1 Diffuse episcleritis.

episcleritis
periodica fugax

Treatment:



Scleritis

Anterior scleritis



• FIG. 13.2 Anterior scleritis in a 42-year-old woman with
rheumatoid.

• FIG. 13.3 (A) Diffuse anterior scleritis in a 45-year-old man with
Wegener granulomatosis. (B) Thinning of the sclera after treatment.



TABLE 13.1

Clinical Classification of Scleritis
Symptoms:

Signs: nodular scleritis

annular scleritis

ciliary staphyloma

sclerosing keratitis

Necrotizing scleritis

Necrotizing scleritis with inflammation



• FIG. 13.4 (A and B) Necrotizing scleritis with inflammation. (B)
Magnified view.

Necrotizing scleritis without inflammation scleromalacia
perforans

• FIG. 13.5 Necrotizing scleritis without inflammation.

Posterior scleritis



Diagnosis:

Treponema pallidum

Treatment:



Specific inflammatory diseases associated with scleritis

Collagen vascular diseases

Episcleral rheumatoid nodules

necrotizing nodular scleritis



massive granuloma of
the sclera

Infections

Gumma

Tuberculosis

Suppurative bacterial infections
Pseudomonas

Staphyloma



Anterior staphyloma

• FIG. 13.6 Anterior staphyloma.



Intercalary staphyloma

Ciliary staphyloma

Equatorial staphyloma

Posterior staphyloma

Treatment



Tumours

Choristomas

see



• FIG. 13.7 Goldenhar syndrome, limbal dermoid and ear anomalies.

Malignant tumours

Congenital abnormalities
Blue sclera

fragilitas ossium



Summary
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Learning objectives

• To know common disorders affecting the uveal tract.



• To learn to diagnose and differentiate the common
inflammatory disorders affecting the different parts of the uveal
tissue to understand the disease pathology of endophthalmitis,
its diagnosis and management.

Anatomy and physiology

Inflammation (uveitis)
uveitis

Standardization of uveitis nomenclature (SUN):



TABLE 14.1

Classification of UveitisBased on Predominant
Anatomical Site Affecteda

acute
chronic recurrent
granulomatous nongranulomatous

Granulomatous iridocyclitis

https://calibre-pdf-anchor.a/#a5916


• FIG. 14.1 (A and B) ‘Mutton fat’ keratic precipitates.



• FIG. 14.2 Granulomatous uveitis with Koeppe nodules at the
pupillary margin.

Nongranulomatous uveitis

Aetiopathogenesis of uveitis

Inflammatory



Infective exogenous infections

Secondary infections

Endogenous infections

Streptococcus Staphylococcus Meningococcus
Pneumococcus
Immune-related inflammations



Neoplastic

Traumatic



TABLE 14.2

Diseases Associated with Uveitis

Acute

Chronic

Acute

Chronic



Clinical features

Anterior uveitis

Iritis



keratic precipitates

plastic



posterior synechiae

ectropion of the uveal pigment

annular ring synechiae seclusio pupillae

iris bombé

peripheral anterior synechiae



• FIG. 14.3 Posterior synechiae with festooned appearance of the
pupil on dilatation.

occlusio
pupillae

total posterior synechia

cases plastic iridocyclitis

pseudoglioma

phthisis bulbi





• FIG. 14.4 (A) Sarcoid posterior uveitis showing retinal
haemorrhage (1) and vascular sheathing (2). (B) Toxoplasmosis is
the most common cause of posterior uveitis. Toxoplasmosis lesion

located near the optic disc. (Source: David A. Palay, Jay H.
Krachmer, eds. Primary Care Ophthalmology. 2nd ed. Philadelphia,

PA: Mosby Inc.; 2005. pp. 139–148.)

intraocular pressure tension

experienced
hypertensive

iridocyclitis

Cyclitis

cyclitic membrane



hypotony

phthisis bulbi

Iridocyclitis
Chronic iridocyclitis

see



hypertensive iridocyclitic crisis

Intermediate uveitis
Intermediate uveitis pars planitis



Posterior uveitis

Symptoms:

Signs:

granulomatous

Nongranulomatous



metamorphopsia
micropsia

macropsia

photopsia



positive scotoma

negative scotomata

Disseminated or diffuse choroiditis:

Multifocal choroiditis:

Central choroiditis:

Juxtapapillary choroiditis (of Jensen):



Investigations

TABLE 14.3

Investigations of Patients with Different Types of Uveitis

ACE, angiotensin-converting enzyme; ESR, erythrocyte sedimentation rate.

Treatment of uveitis

General treatment
anterior uveitis



Cycloplegics

Corticosteroids

Systemic immunosuppressives



Specific treatment

Treatment of sequelae and complications
Secondary glaucoma



Purulent uveitis, endophthalmitis and
panophthalmitis

Aetiology

Exogenous

panophthalmitis
endophthalmitis

S. aureus S. epidermidis
Escherichia coli, Pseudomonas pyocyanea, Bacillus cereus

subtilis Clostridium welchii
Propionibacterium acnes

Fungal endophthalmitis



TABLE 14.4

Common Organisms Causing Endophthalmitis

Staphylococcus epidermidis
Staphylococcus aureus, Streptococcus spp.

Pseudomonas Proteus Haemophilus influenzae, Klebsiella
Escherichia coli Bacillus Enterobacter

Aspergillus, Fusarium, Candida, Cephalosporium, Penicillium
Propionibacterium acnes

Bacillus S. epidermidis (often Fusarium), Streptococcus

Bacillus cereus Neisseria meningitides, S. aureus,
H. influenzae Mucor Candida

P. acnes

Endogenous

Clinical features
endophthalmitis



• FIG. 14.5 Endophthalmitis.



Treatment

Therapeutic regimen
Topical antibiotics:



Intravitreal antibiotics

Vitrectomy:

pars plana vitrectomy



• FLOWCHART 14.1  Approach to management of a case of
endophthalmitis.[Source: Based on the results of the Endophthalmitis

Vitrectomy Study (EVS) Group. Results of the Endophthalmitis
Vitrectomy Study. A randomized trial of immediate vitrectomy and
intravenous antibiotics for the treatment of postoperative bacterial

endophthalmitis (Arch Ophthalmol 1995;113:1479–1496).]

Monitoring the clinical course:



frill excision

Specific types of uveitis
important

Bacterial uveitis

Tuberculosis

tuberculous

Tuberculous iritis
granulomatous type

miliary type
satellites

conglomerate

exudative nongranulomatous type of iritis



Tuberculous choroiditis

Differential diagnosis:

Investigations:

M. tuberculosis

Treatment:



Leprosy

Treatment:

Spirochaetal uveitis

Syphilis



Syphilitic iritis
iritis

iridocyclitis

roseola

Treponema pallidum

Gummatous iritis



Syphilitic choroiditis and chorioretinitis

differential diagnosis

diagnosis

Treatment:

Leptospirosis



Leptospira

Leptospira

Viral uveitis

Acute retinal necrosis

Progressive outer retinal necrosis



Diagnosis

Treatment

Cytomegalovirus

Cytomegalovirus
retinitis

Acquired immune deficiency syndrome



Measles

Fungal uveitis

Candida albicans



Histoplasma capsulatum
ocular histoplasmosis syndrome

H. capsulatum

• FIG. 14.6 Histoplasmosis of the macula. Choroidal neovascular
membrane.



Parasitic uveitis

Toxoplasmosis

Toxoplasma

In infants

In adults





• FIG. 14.7 (A) Toxoplasmosis. Central macular scar due to
congenital toxoplasmosis. (B) Healed scar of toxoplasmosis with

fresh lesions.



Onchocerciasis
Onchocerca volvulus

Simulium

O.
volvulus

O. volvulus

Cysticercosis infestation

Cysticercus cellulosae



Taenia solium

Immunological uveitis

Ankylosing spondylitis and uveitis

Reiter disease and uveitis

Chlamydia
Shigella

flexneri Shigella



Juvenile chronic arthritis

Behçet syndrome



Sarcoidosis

Acute

Chronic

Posterior uveitis

Uveoparotid fever Heerfordt disease



Vogt–koyanagi–harada syndrome

Sympathetic ophthalmitis



Heterochromic iridocyclitis of fuchs

Amsler sign

Geographical choroidopathy



Serpiginous choroiditis

Acute retinal pigment epithelitis

Acute multifocal placoid pigment epitheliopathy



Masquerade syndromes

Vascular and circulatory disturbances



Central serous choroidopathy



• FIG. 14.8 Central serous retinopathy or choroidopathy. (A)
Photograph showing a central, circular, raised area of retina around
the macula. Retinal blood vessels can be seen to change course at

the edge of the lesion. (B) Fluorescein angiography shows a classical
smokestack leak.  Source: (Courtesy of A.H. Paul.)



retinal pigment epithelium decompensation



Neovascularization of the iris

Uveal effusion syndrome



Degenerative changes

Degenerative changes in the iris

Essential (progressive) atrophy of the iris



• FIG. 14.9 Essential atrophy of the iris, a part of the iridocorneal
endothelial syndrome.

Iridoschisis

Pigment dispersion syndrome

Degenerative changes in the choroid



Secondary degenerations

Primary choroidal degenerations

Central choroidal atrophy

Myopic choroidoretinal degeneration:



myopic crescent

• FIG. 14.10 Myopia with temporal crescent and early maculopathy.



• FIG. 14.11 (A) The normal configuration of the optic disc. (B) The
myopic disc. On the temporal side, the choroidal and scleral

crescents are delineated. R, retina; P, pigmentary epithelium; C,
choroid S, sclera. Note the oblique temporal direction of the optic



nerve fibres and the overlapping on the nasal side resulting in
supertraction.

lacquer cracks



• FIG. 14.12 Myopia with extensive retinal degeneration and a
Forster–Fuchs spot in the macula.

Essential (gyrate) atrophy of the choroid

Choroideraemia



Age-related macular degeneration
Age-related macular degeneration (ARMD)

exudative
nonexudative

• FIG. 14.13 Dry AMD—geographic atrophy.



see



• FIG. 14.14 Exudative ‘wet’ type of age-related macular
degeneration showing a subretinal choroidal neovascular membrane.

(A–C) Fluorescein angiograms. (D) A fundus photograph.

Senile central choroidal atrophy



Central guttate choroidal atrophy

colloid bodies drusen

Central areolar choroidal atrophy (sclerosis)



• FIG. 14.15 Guttate choroidal atrophy with drusen of the posterior
pole. (A) Clinical Fundus Photograph, (B) Artist’s drawing.



• FIG. 14.16 Central areolar choroidal atrophy.

Choroidal detachment



Congenital abnormalities
heterochromia

iridium
heterochromia iridis

benign
melanomata

corectopia
polycoria

aniridia irideraemia

Persistent pupillary membrane



Colobomata

typical colobomata
iris

coloboma of the lens, choroid and retina



• FIG. 14.17 Typical coloboma of the iris located inferonasally, with
heterochromia iridis.



• FIG. 14.18 Coloboma of the fundus (retina and choroid). (A) Ida
Mann classification. (B) Example of type II coloboma.



Albinism

• FIG. 14.19 Oculocutaneous albinism.



• FIG. 14.20 Albinotic fundus.

Treatment

Miscellaneous conditions

Cysts of the iris
Serous cysts

Cysts of the posterior epithelium



Implantation of epithelium

Tumours of the uveal tract
See

Summary



Suggested reading
Uveitis: fundamentals and

clinical practice: Expert Consult - Online and Print



C H A P T E R  1 5



CHAPTER OUTLINE

Anatomy and Physiology, 232
Structure, 233
Function, 233

Aetiopathogenesis of Cataract, 234
Symptoms of Cataract, 236
Age-Related (Senile) Cataract, 236
Cataract Associated with Ocular Disease, 239

Complicated Cataract, 239
Cataract Associated with Systemic Disease, 239

Diabetic Cataract, 239
Parathyroid Tetany, 239
Myotonic Dystrophy, 239
Galactosaemia, 240
Down Syndrome, 240
Atopic Cataract, 240

Cataract Due to Other Causes, 240
Heat (Infrared) Cataract, 240
Irradiation Cataract, 240
Electric Cataract, 241
Traumatic Cataract, 241

Developmental Cataract, 241



Punctate Cataract, 241
Zonular Cataract, 242
Fusiform Cataract, 242
Nuclear Cataract, 242
Coronary Cataract, 242
Anterior Capsular (Polar) Cataract, 243
Posterior Capsular (Polar) Cataract, 243
Treatment of Developmental Cataract, 243

Other Congenital and Developmental Abnormalities of the
Lens, 244

Abnormal Shape or Size, 244
Ectopia Lentis, 245

Management of Cataract, 246
Examination, 246
Preoperative Management, 247

Cataract Surgery, 247
Optical Rehabilitation or Correction of Aphakia, 254

Intraocular Lenses, 254
IOL Designs and Materials, 256
Complications of Cataract Surgery, 258

Before-Surgery or Preoperative Complications, 258
Perioperative or Intraoperative Complications, 258
After-Surgery or Postoperative Complications, 258

Posterior Capsular Opacification (‘After’ or ‘Secondary’
Cataract), 258

Learning objectives



• To identify abnormalities of the lens.
• To detect and diagnose cataract.
• To understand principles of cataract surgery including
preoperative evaluation and preparation for surgery.
• To know the common complications of cataract surgery.

Anatomy and physiology

equator

zonules



Structure
epithelium

capsule

crystallins

nucleus



• FIG. 15.1 Colour slit-lamp photograph of a clear lens with a
schematic drawing showing the different cortical and nuclear layers.
Starting from outermost and going successively deeper inwards: (a)

capsule, (b) peripheral cortex, (c) supranuclear cortex, (d) epinucleus
(outermost nucleus or innermost cortex), (e) adult nucleus, (f) fetal

nucleus which corresponds to the cotyledonous areas of light
scattering apparent within the clear adult lens and (g) embryonic

nucleus which is the innermost core of nucleus. (Source: From Roger
F. Steinert, ed. Cataract Surgery. 3rd ed. London: Saunders; 2010.

pp. 11–19.)

cortex



• FIG. 15.2 Scheimpflug image of the lens exported to ImageJ
software (National Institutes of Health, Bethesda, MD, USA) for

measuring the average lens density (A), nuclear lens density in the
region of interest, marked by the elliptical mask (B), and a digital slit-

lamp photograph of the same lens (C). (Source: From Grewal DS,
Brar GS, Grewal SPS. Ophthalmology 2009;116(8):1436–1443.)

Function

cataract



Aetiopathogenesis of cataract

hydration

intumescence

denaturation of lens proteins



slow sclerosis

age

deficiency

toxic substances

complicated
cataract

carbamylation protein denaturation
glycation Hypocalcaemia

miotics
corticosteroids

osmotic influences

mechanical trauma radiant energy



TABLE 15.1

Cataractogenesis

TABLE 15.2

Aetiopathogenesis and Morphology of Different Types of
Cataract

Symptoms of cataract
blurring of vision

white opacity

frequent change of glasses
polyopia



TABLE 15.3

Symptoms of Acquired Cataract



Age-related (senile) cataract
Aetiology:

Mechanism:

Types and stages: cortical
cataract

nuclear or sclerotic cataract

cortical type of senile cataract

lamellar separation

incipient cataract



lens striae

cuneiform opacities

intumescent cataract

mature

immature

mature



• FIG. 15.3 Cuneiform cataract. (A) Diffuse illumination. (B)
Retroillumination.



• FIG. 15.4 (A and B) Use of iris shadow to diagnose the maturity of
cataract. The eye is illuminated from the temporal side and shadow
of iris cast on the lens surface is analysed (by courtesy of Hamblin).
(A) Immature cataract with presence of an iris shadow. (B) Mature

cataract, totally opaque lens with no iris shadow.



• FIG. 15.5 (A) Slit-lamp view of an immature senile cataract
showing the zones of disjunction and (inset) diffuse view showing an

iris shadow. (B) Mature senile cataract.

hypermaturity

shrunken cataract

Morgagnian hypermature cataract



• FIG. 15.6 Cataract maturity. (A) Mature cataract. (B) Hypermature
cataract with wrinkling of the anterior capsule. (C) Morgagnian

cataract with liquefaction of the cortex and inferior sinking of the
nucleus. (D) Total liquefaction and absorption of the cortex with
inferior sinking of the lens. (Source: From Jack J. Kanski, Brad

Bowling, eds. Clinical Ophthalmology: A Systematic Approach. 7th
ed. London: Saunders; 2011. pp. 269–309.)

development

cupuliform
cataract



senile nuclear sclerosis of the lens nuclear sclerotic cataract

brown cataract:
cataracta brunescens; black cataract: cataracta nigra

Cataract associated with ocular disease

Complicated cataract



see

posterior
cortical cataract posterior subcapsular cataract

polychromatic lustre

Cataract associated with systemic disease

Diabetic cataract

True diabetic



• FIG. 15.7 Cataract in systemic disease. Diabetic snowflake
cataract. (Source: From Jack J. Kanski, Brad Bowling, eds. Clinical
Ophthalmology: A Systematic Approach. 7th ed. London: Saunders;

2011. pp. 269–309.)

snowflake cataract



Parathyroid tetany

Myotonic dystrophy

Christmas tree



• FIG. 15.8 Cataract in systemic disease. Stellate posterior
subcapsular cataract in myotonic dystrophy. (Source: From Jack J.
Kanski, Brad Bowling, eds. Clinical Ophthalmology: A Systematic

Approach. 7th ed. London: Saunders; 2011. pp. 269–309.)

Galactosaemia



Down syndrome

Atopic cataract

Cataract due to other causes

Heat (infrared) cataract



glassworkers

ironworkers

Irradiation cataract

Electric cataract

Traumatic cataract
see

Developmental cataract
at birth (congenital)



Punctate cataract

cataracta coerulea
blue-dot cataract
sutural cataract anterior axial embryonic cataract

cataracta centralis
pulverulenta



• FIG. 15.9 (A) Punctate blue-dot cataract (cataracta coerulea). (B)
Central pulverulent cataract: diagrammatic representation with

opacities in the adult nucleus (extreme left). Slit-lamp picture of the
same eye in a 26-year-old patient with a visual acuity of 6/9 (centre

and right).

Zonular cataract

embryonic nucleus fetal nucleus

riders



• FIG. 15.10 Zonular cataract. Linear, spoke-like riders run towards
the equator.

Fusiform cataract
spindle-shaped, axial coralliform

Discoid cataract



Nuclear cataract

embryonal nuclear cataract

Coronary cataract



corona of club-shaped opacities

• FIG. 15.11 (A) Coronary cataract by oblique illumination. (B) In
optical section with the beam of the slit lamp.

Anterior capsular (polar) cataract



anterior pyramidal cataract

anterior cortical cataract

imprint reduplicated cataract

Posterior capsular (polar) cataract

Treatment of developmental cataract



TABLE 15.4

Laboratory Investigations for the Diagnosis of Bilateral,
Nonhereditary Paediatric Cataract

The critical period for
developing the fixation reflex in both unilateral and bilateral visual
deprivation disorders is between 2 and 4 months of age. Any cataract
dense enough to impair vision must be dealt with before this age and the



earliest possible time is preferred

TABLE 15.5

Surgical Techniques for Removal of Paediatric Cataract



Other congenital and developmental
abnormalities of the lens

congenital cataract

• FIG. 15.12 (A) Subluxation of the lens with corectopia. (B) Anterior
persistent hyperplastic primary vitreous. (C) Posterior lenticonus. (D)

Anterior dislocation of both lenses.

Abnormal shape or size
coloboma of the lens

Cataract associated with anterior persistent hyperplastic primary
vitreous (PHPV)



Spherophakia microphakia microspherophakia

Lenticonus

Ectopia lentis

subluxation of the lens dislocation

Marfan syndrome superotemporal
homocystinuria inferotemporal

Aetiopathogenesis
defect



TABLE 15.6

Causes of Ectopia Lentis

Marfan syndrome dominant

Homocystinuria: transmitted

Clinical features

iridodonesis
phacodonesis



Treatment
anteriorly

subluxated

posteriorly dislocated

lenticular astigmatism

Management of cataract

incipient cataract



immature cataracts are routinely successfully operated on today and the
decision to operate is determined by the degree of the patient’s handicap
and visual need

general examination

Examination

grading of nuclear hardness



projection of light

Macular

entoptic view of the retina

Ultrasonic investigation

foveal electroretinogram

Preoperative management



see

presence of increased intraocular pressure

Cataract surgery



intracapsular
cataract extraction ICCE



• FIG. 15.13 The principles of various types of cataract surgery.



• FIG. 15.14 Late phase of fluorescein angiography in a patient who
complained of diminution of vision 3 months after uncomplicated
ICCE. There is petalloid hyperfluorescence in the macular region

typical of cystoid macular oedema.

extracapsular
cataract extraction ECCE





• FIG. 15.15 Extracapsular cataract extraction. (A) Anterior
capsulotomy. (B) Delivering the nucleus. (C) Removal of the residual



cortex by irrigation–aspiration. (D) Implantation of a posterior
chamber intraocular lens.



Phacoemulsification



• FIG. 15.16 Phacoemulsification. (A) Incision with a keratome. (B)
Anterior capsulotomy by capsulorhexis assisted by the use of Trypan

blue dye. (C) Phacoemulsification of the nucleus. (D) Aspiration of
the residual cortex by automated irrigation–aspiration. (E)

Implantation of a foldable intraocular lens.



capsulotomy

hydrodissection



hydrodelineation

conventional

manual SICS

phacoemulsification

Femtosecond laser-assisted



• FIG. 15.17 (A) Outline of the Healon5 visco-shell technique. (a)
Healon5 injection into the anterior chamber. (b) Additional Healon5

injection between the nucleus and the posterior capsule. (c)
Phacoemulsification under lowered fluidics within the visco-shell

made of Healon5. (d) The visco-shell at the completion of
phacoemulsification. Theoretically, it should retain its original form.

(B) Preoperative (a), intraoperative (b–h) and postoperative (i)



anterior segment photographs of a Morgagnian cataract procedure.
‘b’ to ‘h’ represent the surgeon’s view. (b) With the patient in the
supine position, the lens nucleus cannot be observed because it

sinks into the liquefied cortex. (c) The liquefied cortex flows out at the
beginning of the capsulorhexis (arrows, outflow of the cortex). (d)

Note that the intracapsular colour changes from white to brown in an
instant (asterisks, spilled cortex). (e) After a CCC, the Healon5 visco-
shell technique is performed. (f) The nucleus is slightly subluxated.

(g) Phacoemulsification is performed in the middle of the visco-shell.
(h) An acrylic IOL is fixated intracapsularly in the usual manner. (i)
One day after surgery, no postoperative complications are seen.

(Source: From Sato M, Mizushima Y, Oshika T. J Cataract Refract
Surg 2008;34(11):1824–1827.)

• FIG. 15.18 The system’s screen for the surgeon. Note the corneal
wounds and the astigmatic incisions. In the upper right, OCT

identifies the endothelial cell layer and the anterior capsule (highest
and lowest points). In the lower right, OCT identifies the cut within the

crystalline lens (yellow area). (Source: From Nagy ZZ, Takacs AI,
Filkorn T, et al. J Cataract Refract Surg 2014;40(1):20–28.)



Complications

TABLE 15.7

Summary of Postoperative Medication and Care

aSome surgeons use nonsteroidal anti-inflammatory agents.
bFollowing ICCE and ECCE, sutures are removed at this stage.



Optical rehabilitation or correction of
aphakia



TABLE 15.8

Comparison of Different Optical Devices for Refractive
Correction of Aphakia

Intraocular lenses

optic
haptics



• FIG. 15.19 Intraocular lens designs. (A) Posterior chamber. (B)
Anterior chamber.



• FIG. 15.20 Diagrammatic representation of history of evolution of
IOLs. AC, anterior chamber; PC, posterior chamber.



• FIG. 15.21 IOL designs and materials.

TABLE 15.9

Materials for Manufacturing Intraocular Lenses

Nonfoldable



A
E

L K

TABLE 15.10

The Modified Sanders–Retzlaff–Kraff Formula (SRK II)

A
A
A
A
A
A

I
R



E

IOL designs and materials





Complications of cataract surgery

Before-surgery or preoperative complications

Perioperative or intraoperative complications



After-surgery or postoperative complications



Posterior capsular opacification (‘after’ or
‘secondary’ cataract)



the ring of Sömmerring

Elschnig pearls



• FIG. 15.22 Types of ‘after’ cataract. (A) Anterior capsular
opacification. (B) Posterior capsular opacification treated with YAG
laser capsulotomy. (C) Gross photograph from behind of a human
eye obtained post-mortem (Miyake-Apple posterior photographic

technique) showing an extensive Sömmerring ring (SR). The massive
overgrowth of SR covers the entire posterior optic surface. The lens
haptics have been crimped and distorted due to the traction caused

by the proliferating cells and fibrous tissue. (D) Elschnig pearls.
(Source: From David J. Apple, M Escobar-Gomez, Brian Zaugg, et al.

Surv Ophthalmol 2011;56(Suppl 1).)

Treatment



• FIG. 15.23 Cutting of a pupillary membrane. (A) With a vitreous
cutter. (B) Preliminary cutting with an MVR blade or microvitrectomy

scissors. (C) Removal with vitreous cutter (vitrector).

Summary
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Learning objectives



• To understand the basic pathology of glaucoma.
• To know the classification and method of diagnosing
glaucoma.
• To learn the basic management principles of the various types
of glaucoma.

Introduction



• FIG. 16.1 Aqueous pathway and structures in the angle of the
anterior chamber.

Pathogenesis



• FLOWCHART 16.1 Pathophysiology of glaucomatous optic nerve
damage.

Mechanical changes

Vascular perfusion



Other factors



• FIG. 16.2 (A) Diagrammatic representation of inferior polar
narrowing of the neuroretinal rim leading to the loss of arcuate nerve
fibres that arch over the macula, and end at the horizontal raphe. (B)
Corresponding wedge-shaped nerve fibre layer defect seen as a dark

wedge leading off from an inferotemporal notch of the neuroretinal
rim.

Diagnosis

Optic nerve head changes



• FIG. 16.3 Optic nerve head changes in glaucoma. (A) Diagram
showing inferior neuroretinal thinning and pallor, baring of the

circumlinear vessels, BCLV and a splinter haemorrhage. (B) Cross-
sectional view of a normal optic nerve head. (C) Glaucomatous optic

atrophy. (D) Histological section of glaucomatous optic atrophy.

Relative paracentral scotomas:

Nasal step:

Seidel’s scotoma

Arcuate scotomas

Double arcuate ring scotoma:



End-stage

Diagnosis of a glaucomatous field defect









• FIG. 16.4 Automated perimetry printouts showing progressively
advancing glaucomatous field defects. Field defects should be

diagnosed only after at least two reliable static fields are available.
They can be graded on the basis of global indices, as mentioned in

the text, or descriptively, based on the pattern deviation plot. (A)
Superior and inferior ‘nasal step’ scotomas. (B) Superior arcuate

scotoma. (C & D) Advanced glaucomatous field showing (C) small,
residual central and (D) temporal islands of vision.

GHT





• FIG. 16.5 The preperimetric diagnosis of glaucoma in eyes with no
detectable visual field deficit (A) but damage to the nerve fibres can

now be demonstrated using scanning laser ophthalmoscopy (B),
scanning laser polarimetry (C) and optical coherence tomography

(D).

Intraocular pressure

Diurnal variations

Supine position



Exercise:

Valsalva manoeuvre
Drinking
Blinking

Types of glaucoma

• FIG. 16.6 Management algorithm for a glaucoma patient.



TABLE 16.1

Clinical Summary of the Primary Glaucomas

Primary adult glaucomas
Primary open-angle glaucoma

see

normal-tension glaucoma

ocular hypertensives



Pathogenesis

Clinical features
Symptoms:

Signs



• FIG. 16.7 (A and B) Gonioscopic view of an open angle of the
anterior chamber in primary open-angle glaucoma.

Management



‘target pressure’

Treatment



• FIG. 16.8 Argon laser trabeculoplasty. Blanched spots can be seen
in the anterior trabecular meshwork.

Primary angle-closure disease



• FIG. 16.10 Primary angle-closure glaucoma. A slit-beam
examination shows a narrow angle recess of about 20°.

Predisposing factors



• FIG. 16.9 Relative pupillary block. Mid-dilated pupil with
iridolenticular contact allowing the lax iris to bow forwards and block

the trabecular meshwork.

Clinical features









• FIG. 16.11 Indentation or manipulative gonioscopy in primary
angle-closure glaucoma may reveal peripheral anterior synechiae.
(A) Iridocorneal adhesions of the peripheral iris to Schwalbe line or
(B) goniosynechiae—iridotrabecular adhesions of the peripheral iris

to the trabecular meshwork.

• FIG. 16.12 Acute angle-closure glaucoma. There is ciliary
congestion, a vertically dilated pupil and glaucomflecken on the lens.

Treatment



Peripheral laser iridotomy:



• FIG. 16.13 Laser iridotomy allows the flow of aqueous from the
posterior chamber to the angle, bypassing the pupil. (A) A drawing

depicting the mechanism; (B) Slit lamp photograph showing the
Iridotomy.

chronically raised intraocular pressure

Combined mechanism glaucoma

Secondary glaucomas



Pathogenesis

Inflammatory glaucomas
Uveitic glaucoma

Postinflammatory glaucoma:



• FIG. 16.14 Healed anterior uveitis with 360° of posterior synechiae,
and extensive iris bombé. A large laser iridotomy has been done to

relieve the pupillary block.

Glaucomatocyclitic crisis

Fuchs heterochromic iridocyclitis



Neovascular glaucoma

rubeosis iridis

• FIG. 16.15 Neovascular glaucoma showing neovascularization of
the iris and ectropion of the pupil.



Lens-induced glaucoma

Secondary angle closure

phacomorphic glaucoma

phacotopic glaucoma
secondary open-angle glaucoma

phacolytic glaucoma



• FIG. 16.16 Phacomorphic glaucoma.

• FIG. 16.17 Phacolytic glaucoma.



Treatment

Pseudophakic or aphakic glaucoma



Corticosteroid-induced glaucoma



Pseudoexfoliation syndrome



• FIG. 16.18 Pseudoexfoliation syndrome. White, flaky material is
deposited all over the anterior chamber, seen here at the pupil.

Pigmentary glaucoma

Elevated episcleral venous pressure

Secondary glaucoma due to an intraocular tumour



Aqueous misdirection syndrome/malignant glaucoma



Paediatric glaucomas

Congenital glaucoma
Congenital glaucoma

• FIG. 16.19 Congenital glaucoma.



CYP1B1

Pathogenesis

see

Clinical features
Symptoms:



Signs

In early cases

Haab
striae

see



• FIG. 16.20 Haab striae, tears in Descemet’s membrane seen as
double ‘tram-track’ lines concentric to the limbus.

Treatment
goniotomy

trabeculotomy



• FIG. 16.21 (A) Goniotomy. A Barkan goniotomy knife is passed
obliquely through the limbus on the temporal side at 3- or 9-o’clock
position. Under gonioscopic control, the knife is passed across the

anterior chamber to the nasal part of the angle. An incision is made in



the angle approximately midway between the root of the iris and
Schwalbe ring through approximately 75°. The knife is then

withdrawn. (B) Harms trabeculotomy. The lower prong of a Harms
trabeculotomy probe is passed along Schlemm’s canal to the right,

the upper prong being used as a guide. Source: (A and B)
Reproduced from: Eyes. In: Miller SJH, ed. Rob and Smith’s

Operative Surgery, 3rd ed. London: Butterworths; 1976.

Juvenile primary open-angle glaucoma

Aetiopathogenesis

Management of the glaucomas



Medical management

see



Surgical treatment for glaucoma

Glaucoma-filtering operations

Trabeculectomy



• FIG. 16.22 Steps of trabeculectomy. (A) Limbus-based conjunctival
flap is raised. (B) A 5 × 5 mm lamellar scleral flap is dissected up to
the limbus, and a 2 × 1 mm trabecular block excised. (C) The scleral

flap is sutured, titrating the flow of aqueous.



• FIG. 16.23 Diagrammatic representation of a trabeculectomy
showing the aqueous flow through the trabecular opening under the

lamellar scleral flap into the subconjunctival space.



• FIG. 16.24 Filtering bleb after trabeculectomy, showing a diffuse
elevation of the conjunctiva and microcystoid changes at the limbus.

Complications

shallow anterior chambers

blebitis, or even
endophthalmitis



Drainage devices

Prognosis



• FIG. 16.25 Diagnosis of progression by event and trend analysis.
Used with permissions form PentaVision LLC and Donald L. Budenz,

MD, MPH Kittner Family Distinguished Professor and Chair,
Department of Ophthalmology, University of North Carolina.





• FIG. 16.26 Diagnosis of progression by optical coherence
tomography (A and B).



Summary
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Learning objectives

• To have a basic understanding of different retinal diseases in
terms of pathological process and clinical manifestations.
• To learn how to detect different retinal disorders and
understand the clinical implications.

Diseases of the retina

Anatomy and physiology

macula lutea (clinical posterior pole)

foveal reflex



retinal vessels

see

venous pulsation



negative venous pulse

Ora serrata:



• FIG. 17.1 Retinal diagram of common lesions. 1, retinal hole; 2,
horseshoe-shaped flap tear with rolled posterior edge; 3, retinal fixed

fold in a detached retina; 4, new vessels on retina; 5, venous
sheathing; 6, preretinal haemorrhage; 7, new vessels on the disc; 8,

circumferential scleral buckle with round hole surrounded by
diathermy; 9, elevated new vessels with proliferative tissue; 10, old

blood in the vitreous (green) along with fresh haemorrhages (red); 11,
retinal dialysis with surrounding retinal detachment; 12, lattice

degeneration with atrophic hole; 13, choroidal pigmentation such as a
naevus; 14, macular oedema; 15, retinal haemorrhage; and 16,

exudates.

The (systemic) vascular retinopathies



soft exudates

hard exudates

(macular fan/star)

Hypertensive retinopathy

simple hypertension without sclerosis



• FIG. 17.2 Hypertensive retinopathy, Grade 2.

hypertension with involutionary sclerosis
arteriosclerotic retinopathy

arteriolar diffuse hyperplastic sclerosis



Malignant hypertension

hypertensive neuroretinopathy



• FIG. 17.3 (A) Hypertensive retinopathy, Grade 3. (B) Hypertensive
retinopathy, Grade 4. There is oedema of the optic disc and marked
attenuation of the retinal arterioles, flame-shaped haemorrhages and

cotton-wool spots.



Diabetic retinopathy



Pathogenesis:

background diabetic
retinopathy



• FIG. 17.4 Background diabetic retinopathy. (A) Hard exudates and
dot and blot haemorrhages are seen scattered over the posterior

pole. (B) Fluorescein angiogram illustrating multiple leaks
corresponding to areas of microaneurysms and exudation.

 Source: (Courtesy: P. Venkatesh.)



TABLE 17.1

Early Treatment of Diabetic Retinopathy Scale

Diabetic maculopathy

focal diffuse
maculopathy. Ischaemic maculopathy



• FIG. 17.5 Sarcoid granulomas.



• FIG. 17.6 (A) Macular grid. (B) Follow-up of macular oedema on
OCT.



TABLE 17.2

Management of Diabetic Retinopathy

CSME, clinically significant macular oedema; NVD, neovascularization of the disc; NVE,
neovascularization elsewhere.

Circinate retinopathy



• FIG. 17.7 Circinate retinopathy. Rings of hard exudates can be
seen at the posterior pole.  Source: (Courtesy: P. Venkatesh.)

Severe nonproliferative or preproliferative diabetic
retinopathy



• FIG. 17.8 Preproliferative diabetic retinopathy.

Proliferative diabetic retinopathy



• FIG. 17.9 (A) Neovascularization of the disc appears as fine lacy
vessels lying on the surface of the disc or bridging the physiological

cup. (B) As the neovascularization of the disc progresses, the
vessels become more prominent and extend into the vitreous cavity
or along the vascular arcades; the new vessels may be associated

with significant fibrous proliferation.  Source: (From George L.
Spaeth, Helen V. Danesh-Meyer, Ivan Goldberg, Anselm Kampik,
eds. Ophthalmic Surgery: Principles and Practice, 4th ed. London:

Saunders; 2012. pp. 528–535.)





• FIG. 17.10 Retinal laser contact lens.



• FIG. 17.11 (A) Panretinal photocoagulation for proliferative diabetic
retinopathy. (B) Appearance of laser burns after one sitting of

panretinal photocoagulation in a diabetic patient. Macular grid is also
visible.  Source: (Courtesy: P. Venkatesh.)



lipaemia

lipaemia retinalis

Retinopathy of prematurity

Pathogenesis





• FIG. 17.12 A fibrovascular frond without any demarcation line. As
one follows the blood vessels anteriorly, they disappear beyond the
neovascular area.  Source: (Courtesy: Harsh Kumar and Michael J.

Shapiro.)



• FIG. 17.13 Laser spots in the avascular retina anterior to the ridge.
 Source: (Courtesy: Harsh Kumar and Michael J. Shapiro.)

Management



definitely
progressive

Acquired immune deficiency syndrome

Toxoplasma

Retinopathy in toxaemia of pregnancy



phaeochromocytoma

Sickle cell retinopathy

Pathogenesis



• FIG. 17.14 (A and B) Fluorescein angiogram of sickle cell
retinopathy showing the neovascular fronds leaking dye in the late

phases.



Treatment

Vascular disorders of the retina

Obstruction/occlusion of the retinal arteries

Obstruction of the arterial circulation



• FIG. 17.15 Embolus seen in the retinal arteriole at the point of
branching.  Source: (Courtesy: G.S. Sihota.)

Central retinal artery occlusion

CRAO



• FIG. 17.16 Central retinal artery occlusion with the appearance of
a cherry-red spot.  Source: (From Anthony Schapira. Neurology and

Clinical Neuroscience, 1st ed. Philadelphia: Elsevier; 2006.)



Branch retinal artery occlusion (BRAO)

Treatment

Obstruction of the venous circulation

Venous stasis retinopathy



Venous thrombosis

Central retinal vein occlusion



• FIG. 17.17 Picture of a fresh central retinal vein occlusion showing
dilated tortuous veins and extensive haemorrhages.

 Source: (Courtesy: A.H. Paul.)



• FIG. 17.18 (A and B) Old central retinal vein occlusion with
neovascularization of the disc.  Source: (Courtesy: P. Venkatesh.)

Branch retinal vein occlusion (BRVO)



• FIG. 17.19 Branch retinal vein occlusion. (A) Occlusion of the
superotemporal retinal vein. There are surrounding haemorrhages
and retinal oedema. (B) Fluorescein angiography shows areas of

hypofluorescence and an incomplete perifoveal arcade.
 Source: (Courtesy: P. Venkatesh.)

treatment



Coats disease



• FIG. 17.20 Coats disease showing subretinal exudation and retinal
angiomatosis.

Medical therapy in retinal vascular diseases



Inflammation of the retina (retinitis)

treatment

Purulent retinitis

Subacute infective retinitis (septic retinitis of roth)

see

Endophthalmitis
Endophthalmitis



Acute retinal necrosis (ARN) syndrome

Cytomegalovirus infection

Syphilis

Congenital syphilitics



acquired syphilis

Sarcoidosis



Toxoplasmosis

Toxocariasis

Toxocara canis
Toxocara cati



• FIG. 17.21 Toxocara granuloma.

Ascaris lumbricoides

Periphlebitis retinae

Eales disease



• FIG. 17.22 Eales disease. Photograph of the peripheral retina
showing an area of healed perivasculitis, with retinal sheathing, a

fibrovascular vitreoretinal frond and scars of previous
photocoagulation.

Retinitis from bright light (photoretinitis)



Light-induced maculopathy

Degenerations of the retina

Myopic chorioretinal degeneration



• FIG. 17.23 Fundus in myopia showing significant tessellation,
slightly tilted disc, peripapillary atrophy and atrophy involving the

central macula.  Source: (Courtesy: P. Venkatesh.)

Age-related macular degeneration

Pathogenesis



• FIG. 17.24 (A) Dry type of age-related macular degeneration,
showing an absent foveal reflex and yellowish-white drusen below

the macula. (B) Wet type of age-related macular degeneration seen
on fluorescein angiography. (C) Indocyanine green angiography.

 Source: (Courtesy: D. Talwar.)

Management



Macular holes



• FIG. 17.25 Lamellar macular hole showing a sharp retinal edge
without surrounding detachment and yellowish-white deposits at the

base.  Source: (Courtesy: G.S. Sihota.)

Pigmentary retinal dystrophy (retinitis pigmentosa)

nyctalopia



• FIG. 17.26 (A) Ring scotoma in a case of pigmentary dystrophy.
(B) Retinitis pigmentosa with bone corpuscle formation, attenuated

retinal arterioles and a yellowish disc.



Laurence–Moon–Biedl–Bardet syndrome

Treatment

Retinitis pigmentosa sine pigmento

congenital
stationary night blindness

Retinitis punctata albescens



Angioid streaks

pseudoxanthoma elasticum

Benign peripheral retinal degenerations

snowflakes

Paving stone degeneration
Reticular pigmentary degeneration

equatorial drusen
peripheral microcystoid degeneration

Degenerations associated with retinal breaks

Lattice retinal degeneration



• FIG. 17.27 These three cases show lattice degeneration. On the
left, there are multiple atrophic holes bordered by some fibrosis with

a shallow detachment (arrows). In the middle, there is radial
paravascular pigmentary lattice degeneration with multiple horseshoe
breaks (arrows) as well as a localized detachment. On the right, there

is a linear break along the lattice degeneration and localized
detachment (arrows). There is also some bleeding within and into the
periretinal area.  Source: (From Lawrence A Yannuzzi. Chapter 11:

Peripheral retinal degenerations and rhegmatogenous retinal
detachment. The Retinal Atlas. Edinburgh: Saunders; 2010. pp. 787–

812.)

White without pressure

Focal pigment proliferation or clumping

Diffuse chorioretinal degeneration



Cystoid retinal degeneration of the peripheral retina

Retinoschisis
Senile retinoschisis

Juvenile retinoschisis

Detachment of the retina



detachment
separation

secondary detachments
exudation traction

rhegmatogenous detachments

Secondary detachments

tractional detachment

rhegma



Retinal breaks

round holes
tears retinal disinsertion at the ora dialysis

giant retinal tears

• FIG. 17.28 (A) Retinal horseshoe tear causes retinal detachment.
Focal vitreoretinal traction is seen pulling the flap of the tear up and

to the left. Fluid vitreous has seeped through the tear into the
subretinal space, elevating the retina into a bullous detachment. (B)

Round retinal tear. A round retinal tear is surrounded by a small
retinal detachment in the inferior retina. (Source: (A) From Daniel

Albert, Joan Miller, Dimitri Azar, Barbara Blodi. Albert and Jakobiec’s
Principles and Practice of Ophthalmology, 3rd ed. Edinburgh:

Elsevier; 2008; (B) From Myron Yanoff, Joseph Sassani. Ocular
Pathology, 6th ed. Edinburgh: Mosby; 2008.)



Pathophysiology

Predisposing factors

Clinical features

Diagnosis and management





• FIG. 17.29 (A) Photograph of a rhegmatogenous partial retinal
detachment showing a grey reflex and retinal folds. (B) Diagrammatic

representation of a rhegmatogenous retinal detachment showing a
grey reflex and retinal folds. (C) Total retinal detachment with

proliferative vitreoretinopathy.  Source: (Courtesy: P. Venkatesh.)

Shaffer





• FIG. 17.30 The location of retinal breaks can be deduced from
careful analysis of the topography of the detachment as described by

Harvey Lincoff. (A) An inferior detachment slightly higher on the
temporal side pointing to a break on that side. (B) A subtotal retinal
detachment—the break is usually close to the upper border of the

fluid on the side it is highest. (C) The fluid crosses the midline
superiorly, implying a superior break near 12 o’clock. The fluid has
tracked down further nasal, implying that the break is slightly to the
nasal side. (D) The presence of bullae implies a superior break. A

shallow sinus of fluid leads to a small superonasal break.
 Source: (From Stephen J. Ryan, SriniVas R. Sadda, David R.

Hinton, Andrew P. Schachat, C.P. Wilkinson, Peter Wiedemann, eds.
Retina, 5th ed. London: Saunders; 2013. pp. 1669–1695.)

Prophylaxis



• FIG. 17.31 Prophylactic laser therapy using a retinal contact lens
to apply at least two rows of laser spots around a retinal tear without

detachment.



Surgical management



• FLOWCHART 17.1 Approach to the management of a retinal
detachment.



Cryotherapy laser

Pneumatic retinopexy

Scleral buckling external plombage



• FIG. 17.32 External buckling or plombage with a silicon buckle
after cryotherapy around the retinal breaks.

Drainage of subretinal fluid



vitreoretinal surgery



Complications of surgery

Prognosis



Congenital abnormalities of the retina

Congenital pigmentation of the retina

see

Medullated nerve fibres



• FIG. 17.33 Medullated nerve fibres over the superior part of the
optic nerve head.

Coloboma of the retina and choroid
See

Albinism
See

Phakomatosis

Angiomatosis of the retina (von Hippel–Lindau disease)



see

Treatment

Tuberous sclerosis (bourneville disease)

Neurofibromatosis (von recklinghausen disease)

see

Hereditary dystrophies of the central retina
and choroid



TABLE 17.3

Classification of Hereditary Central Retinochoroidal
Dystrophies

Sex-linked juvenile retinoschisis

Stargardt disease



Inverse retinitis pigmentosa

Progressive cone dystrophy

Vitelliform dystrophy of the fovea



• FIG. 17.34 Vitelliform dystrophy of the fovea. A sharply defined
yellow disc is seen in the foveal region resembling the yolk of a fried

egg.  Source: (Courtesy: P. Venkatesh.)

Fundus flavimaculatus

The hyaline dystrophies



Central areolar choroidal atrophy

Leber congenital amaurosis



Lysosomal storage disorders

Amaurotic family idiocy (Tay–Sachs disease):



• FIG. 17.35 Cherry-red spot.

Diseases of the vitreous
vitreous humour

subhyaloid space



Attachments:
Weigert ligament

Changes in the vitreous with age
Cloquet canal vitreous

secondary vitreous

syneresis

floaters

muscae volitantes

Vitreous detachment

Posterior vitreous detachment

photopsia see



Weiss ring

Anterior and basal vitreous detachments

Opacities in the vitreous

muscae volitantes

Asteroid hyalosis



Synchysis scintillans:

Amyloid degeneration:



Vitreous bands and membranes
Vitreous bands membranes

preretinal epiretinal membrane

Persistent hyperplastic vitreous





• FIG. 17.36 Posterior hyperplastic primary vitreous showing a leash
of vascularized fibrous tissue extending from the back of the lens to

the optic nerve head. Extensive chorioretinal degeneration and a
pigmentary retinopathy can also be seen.

Vitreoretinal degeneration
Wagner



Goldmann–favre vitreoretinal degeneration

Vitreous haemorrhage



• FIG. 17.37 Proliferative diabetic retinopathy. Haemorrhage
generally occurs from the preretinal fibrovascular fronds. The picture
shows extensive panretinal photocoagulation scars and persistent

vitreoretinal fibrovascular bands.



Vitreous haemorrhage and retinal tears

Vitreous haemorrhage and posterior vitreous
detachment

PVD

Vitreous haemorrhage and retinal vein occlusion

Vitreous haemorrhage in eales disease



Treatment

Vitreous haemorrhage due to sickle cell retinopathy

Vitreous haemorrhage due to ocular trauma



• FIG. 17.38 Foreign body lying on the retinal surface, encapsulated
by fibrous tissue and accompanying vitreoretinal fibrotic bands.

Vitreous surgery



TABLE 17.4

Indications for Vitreous Surgery

With cataract surgeries Vitreous haemorrhage

Opacification Associated with surgery for retinal diseases

Secondary vitreous abnormalities

X Y



• FIG. 17.39 Vitrectors cut by either a guillotine action (as in the
figure above) or a rotary action (as below).



• FIG. 17.40 Vitrectomy. (A) Three sclerotomies allow the placement
of a vitrector, endoilluminator and irrigation cannula. (B) Cross-

sectional view of a vitrectomy undertaken to clear a vitreous
haemorrhage.



Summary
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Diseases of the Optic Nerve, 323
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Miscellaneous Conditions, 341
Congenital Abnormalities of the Optic Disc, 343



Learning objectives

• To know the basic for different diseases affecting the optic
nerve.
• To learn how to clinically differentiate the various optic nerve
disorders.
• To understand the principles that determine the need for
further investigation and referral.

Overview
Anatomy

see
intraocular portion

intraorbital portion intracanalicular
portion intracranial portion

Normal physiology of axoplasmic transport and flow



neural

Orthograde axoplasmic transport

Retrograde
axoplasmic transport

Blood circulation of the optic nerve
See

Aetiopathogenesis of optic nerve diseases

Clinical features



papilloedema

see

Systematic approach to differential diagnosis

Visual field defects

see also



• FIG. 18.1 Central scotoma documented by automated perimetry.



• FIG. 18.2 Centrocaecal scotoma involving the centre of fixation
and extending up to the normal physiological blind spot.



TABLE 18.1

Differential Diagnosis of Diseases of the Optic Nerve
Based on Visual Field Defects

appearance of the optic disc

TABLE 18.2

Differential Diagnosis of Optic Nerve Disorders Based on
the Ophthalmoscopic Appearance of the Disc

Diseases of the optic nerve
Papilloedema

Pathogenesis



Pathology



• FIG. 18.3 Mechanism of optic disc oedema (papilloedema). (A)
Normal. (B) Disc oedema (e.g. due to cerebral tumour).

 Source: (From Nicki Colledge, Brian Walker, Stuart Ralston.
Davidson’s Principles and Practice of Medicine, 21st ed. Edinburgh:

Churchill-Livingstone; 2010.)

Aetiology
increased intracranial

pressure



Pseudotumour cerebri

Clinical features

Symptoms



diplopia

Signs



• FIG. 18.4 Papilloedema. (A) Early. (B) Moderate. (C) Advanced.
 Source: (Courtesy: (A) S. Kedar.)



• FIG. 18.5 Post-papilloedema optic atrophy.



Fluorescein angiography

Differential diagnosis

Ischaemic optic neuropathy:



Drusen of the optic disc

Pseudoneuritis or pseudopapilloedema or pseudo-disc oedema

papillitis



Orbital lesions and disc oedema:

• FIG. 18.6 (A) Papillitis in toxoplasmosis. (B) Papillitis.
 Source: (Courtesy: (A) Zimmerman.)

Other causes of disc oedema:

Treatment



Disturbances of the circulation

Anterior ischaemic optic neuropathy

Aetiopathogenesis



• FIG. 18.7 Arteritic anterior ischaemic optic neuropathy showing
typical ‘pale’ disc oedema with splinter haemorrhage.

TABLE 18.3

Clinical Features Distinguishing Arteritic from
Nonarteritic Anterior Ischaemic Optic Neuropathy (AION)

Clinical features





• FIG. 18.8 Superior altitudinal field defect in the left eye of a patient
with AION. The left fundus photograph of the same patient is shown
in Fig. 18.9B. Generally an inferior attitudinal field defect is seen as

the superior half of the disc is more often affected.



• FIG. 18.9 Fundus photograph of both eyes of a 64-year-old woman
with nonarteritic anterior ischaemic optic neuropathy. (A) Right eye:

background diabetic retinopathy. (B) Left eye: AION showing
segmental pale disc oedema inferiorly. Note hyperaemia of the other

portions.



• FIG. 18.10 Cilioretinal artery occlusion. (A) Isolated. (B) Combined
with central retinal vein occlusion. (C) Combined with anterior

ischaemic optic neuropathy. (D) FA shows hypofluorescence at the
macula due to lack of filling and masking by retinal swelling.

 Source: (From Jack Kanski, Brad Bowling. Clinical Ophthalmology: A
Systematic Approach, 7th ed. London: Saunders; 2011.)

Management



Posterior ischaemic optic neuropathy

Aetiopathogenesis

Clinical features



Shock optic neuropathy

Inflammation of the optic nerve (optic neuritis)

Aetiopathogenesis





TABLE 18.4

Aetiology of Optic Neuritis

Bartonella, Rochalimaea henselae
and R. quintana

Histoplasma capsulatum
Toxocara canis Toxoplasma gondii Plasmodium

Pneumocystis carinii
Cysticercus cellulosae

aIn children, it is not unusual for bilateral neuritis with disc swelling to follow viral illnesses,
e.g. measles, mumps and chickenpox. Most of these are parainfectious as opposed to
direct tissue infiltration by microbiological agents.
bFollows viral infections of childhood and may also rarely develop subsequent to vaccination
for polio, measles, mumps, rubella, hepatitis, diphtheria–pertussis–tetanus and influenza.

demyelinating disorder

multiple sclerosis



local causes

Endogenous infections

Autoimmune vasculitides

Sarcoid optic neuropathy:



Metabolic

Clinical course

Clinical features

Symptoms



Signs



• FIG. 18.11 Normal appearance of the fundus in a 27-year-old girl
with acute retrobulbar neuritis and 6/24 vision.



• FIG. 18.12 Fundus photograph of neuroretinitis showing a
hyperaemic disc (papillitis) with inflammation in the surrounding

retina (retinitis). This later proved to be syphilitic.

Papillitis

postneuritic atrophy



Neuroretinitis

retrobulbar neuritis

Differential diagnosis

Clinical workup



Treatment



Parasitic infestations of the optic nerve
Cysticercus cellulosae

• FIG. 18.13 (A) Fundus photograph showing severe disc oedema
with inflammation. (B) CT scan of the same patient shows a cystic

lesion within the optic nerve with an internal, hyperdense lesion
suggestive of a scolex.

Optic atrophy



consecutive
optic atrophy

postneuritic
atrophy

primary atrophy

glaucomatous atrophy

Aetiology

primary atrophy



• FIG. 18.14 Optic atrophy showing demyelination of the fibres from
the papillomacular bundle.

Clinical features



primary atrophy

• FIG. 18.15 Primary optic atrophy.

Secondary atrophy



postneuritic atrophy

• FIG. 18.16 Secondary optic atrophy.

consecutive atrophy



treatment

Compressive neuropathy and tumours of the optic nerve

Aetiopathogenesis

Clinical features



• FIG. 18.17 Opticociliary shunt vessels in a patient with optic nerve
sheath meningioma.

Tumours of the optic nerve
See

Toxic, nutritional and hereditary optic neuropathy

Aetiopathogenesis



Clinical features

Differential diagnosis

Treatment

Toxic optic neuropathies



stramonium Cannabis indica

diabetes, carbon disulphide
iodoform

Methyl alcohol, lead, nitro- dinitrobenzol

Tobacco-induced optic neuropathy.

Pathologically

Clinically





• FIG. 18.18 Fundus views reveal mild temporal optic disc pallor. (A)
Right optic disc. (B) Left optic disc. More interesting, however, is the

loss of the nerve fibre layer in the papillomacular bundle. This patient,
who had tobacco–alcohol amblyopia (mixed toxic and nutritional
deficiency optic neuropathy), also had visual acuities of 20/400
(6/120) in each eye, which recovered to only 20/100 (6/30) after

changes in habit and diet, and vitamin therapy. In this class of optic
neuropathies, relatively severely compromised visual acuities and
dyschromatopsia often are found with minimal optic disc atrophy.

 Source: (From Myron Yanoff, Jay S. Duker, eds. Ophthalmology, 4th
ed. Oxford: Saunders; 2014. pp. 890–893.e1.)

Treatment



Ethyl alcohol.

Methyl alcohol.

Treatment

Arsenic.



Lead.

Treatment



Quinine neuropathy.

Ethambutol.

Chloroquine.



Amiodarone.



Other drugs.

Nutritional deficiency

Hereditary optic neuropathy



Dominant optic neuropathy (kjer autosomal dominant optic
atrophy).

differential diagnosis

Recessive optic neuropathy

Simple:

Complicated hereditary optic neuropathy:

Leber hereditary optic neuropathy



Aetiopathogenesis:

Clinical features:







• FIG. 18.19 Fundus views revealing pseudopapilloedema in acute
Leber hereditary optic neuropathy (LHON). (A) Right optic disc. (B)
Left optic disc. Swelling is observed involving the retinal nerve fibre
layer, particularly in the superior and inferior arcuate bundles, along

with marked atrophy of the temporal fibres of the papillomacular
bundle. This patient was a 15-year-old male with a family history of
LHON mtDNA mutation 11,778, who realized he was unable to see

centrally in the week prior to presentation. His visual acuity was
20/400 in the right eye and counting fingers in the left eye.

 Source: (From Leonard A. Levin, Daniel M. Albert, eds. Ocular
Disease: Mechanisms and Management, 1st ed. London: Saunders;

2010. pp. 330–336.)

Miscellaneous conditions

Diabetic papillopathy



• FIG. 18.20 Appearance of the optic nerve in acute diabetic
papillopathy. In addition to the swelling, there are dilated vessels on
the disc surface. These vessels often resolve as the disc swelling
abates or can progress to disc neovascularization. Round atrophic
lesions in the retinal periphery are the result of previous panretinal
photocoagulation.  Source: (From Grant T. Liu, Nicholas J. Volpe,

Steven L. Galetta. Neuro-Ophthalmology: Diagnosis and
Management, 2nd ed. London: Saunders; 2010. pp. 103–198.)



• FIG. 18.21 Coloboma of the optic disc. (A) Extensive involvement
of the disc and peripapillary retina. (B) Inferior involvement.

bilateral

Thyroid-related optic neuropathy



Treatment

Radiation optic neuropathy

Thermal burns



Traumatic optic neuropathy



Congenital abnormalities of the optic disc

Coloboma of the optic disc

inferior crescent

(conus)
coloboma of the disc

holes

morning glory



• FIG. 18.22 Morning glory disc anomaly.  Source: (From Myron
Yanoff, Jay Duker. Ophthalmology, 3rd ed. Edinburgh: Mosby; 2008.)

Bergmeister
papilla

Hypoplasia of the optic nerve head

double ring sign



• FIG. 18.23 (A and B) Hypoplasia of the optic nerve head in both
eyes of a 12-year-old girl with hypermetropia.

Optic disc pit



• FIG. 18.24 An optic disc pit.

Summary
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Malignant Melanoma of the Choroid, 346
Secondary Carcinoma of the Choroid, 348
Reticulum Cell Sarcoma, 349

Tumours of the Retina, 349
Retinoblastoma, 349

Learning objectives

• To have basic knowledge of the different neoplastic disorders
affecting the eye.
• To learn basic principles how to differentiate between
malignancy conditions.
• To understand how to recognize the disorders, order suitable
investigations and arrange timely referral to specialists.



clinical course

Tumours of the uveal tract
malignant

melanomata

Tumours of the iris

naevi

Lisch nodules

café-au-lait

Malignant melanoma

amelanotic melanoma



• FIG. 19.1 Malignant melanoma of the iris. (A) Note the deformation
of the pupil; (B) gonioscopic view of the tumour; and (C) ultrasound

biomicroscopic picture of the mass infiltrating the iris stroma.

Treatment:

Malignant melanoma of the ciliary body
ciliary body melanoma

ring annular



• FIG. 19.2 Ciliary body tumour. Sentinel vessels seen.

Malignant melanoma of the choroid

Pathology



Flat malignant melanoma of the choroid:

Spindle A

Spindle B

Epithelioid

Mixed type

Clinical features
choroidal melanoma



• FIG. 19.3 (A) Malignant melanoma of the choroid. A yellowish-grey
elevated lesion is seen inferonasal to the disc. (B) Choroidal

melanoma with extraocular extension. B-scan ultrasonography
demonstrating a nodular extrascleral extension along the base of a

relatively flat intraocular tumour (a, arrows). The extrascleral
extension of the tumour should be differentiated from the extraocular
muscles, which have flat configuration and appear to separate from

the sclera when traced posteriorly corresponding to the normal
anatomic location of the muscle (b, arrows). Source: (From Fu EX,
Hayden BC, Singh AD. Ultrasound Clin 2008;3(2):229–244, with

permission.)



choroidal naevus

cavernous haemangioma

posterior scleritis



Diagnosis

Ultrasonography

Radioactive tracers:

Fluorescein angiography



MRI CT

Treatment

brachytherapy

Enucleation

exenteration



Secondary carcinoma of the choroid

• FIG. 19.4 Histopathological section of a well-differentiated
retinoblastoma, showing Flexner–Wintersteiner rosettes.

(Source: Courtesy: S. Kashyap.)

Reticulum cell sarcoma



Tumours of the retina

Retinoblastoma

Aetiology



see

Pathology

glioma exophytum
glioma endophytum





• FIG. 19.5 (A) Colour photograph of retinoblastoma showing areas
of calcification. (B) Ultrasound of a large retinoblastoma showing a

V–Y pattern of internal reflectivity. (C) Mixed retinoblastoma.
Source: (Courtesy: N. Lomi.)

Clinical course



• FIG. 19.6 Leucocoria. (Source: Courtesy: N. Lomi.)





TABLE 19.1

International Classification of Retinoblastoma

Rb, retinoblastoma.
aThree millimetres in basal dimension or thickness.

Differential diagnosis

pseudoglioma.

Toxocara



Diagnosis

Treatment

∼



• FIG. 19.7 Management algorithm for retinoblastoma.

chemoreduction



Summary
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The Motor Apparatus of the Eye, 355
Position of Eyes in Orbit and in Relation to Each Other,
355
The Extraocular Muscles, 355

Fixation, Projection, Correspondence and Binocular Vision,
362

Fixation and Projection, 362
Correspondence, 362
Fixation, Fusion and Reflex Movements, 362
Binocular Vision, 364

Convergence and Accommodation, 365

Learning objectives

• To gain knowledge of the anatomy of the external eye muscles.
• To understand the mechanism of extraocular movements.



• To ascertain the complex physiology involved in binocular
synergy and neurological control of eye movements.

The motor apparatus of the eye

Position of eyes in orbit and in relation to each other



The extraocular muscles

Muscle attachments
rectus muscles



• FIG. 20.1 The extraocular muscles. (A) View from above (right
eye). (B) View from behind (left eye): 1, superior rectus; 2, levator
palpebrae superioris; 3, medial rectus; 4, lateral rectus; 5, superior

oblique; 6, reflected tendon of superior oblique; 7, annulus of Zinn; 8,
optic nerve; 9, ophthalmic artery; 10, inferior rectus; and 11, inferior

oblique.



• FIG. 20.2 Lines of insertion of the rectus muscles of the right eye
seen from the front. IR, inferior rectus; LR, lateral rectus; MR, medial

rectus; SR, superior rectus.

oblique muscles



• FIGURE 20.3 Lines of insertion of the superior and inferior oblique
muscles and of the superior, medial and lateral recti of the right eye,
seen from above. IO, inferior oblique; LR, lateral rectus; MR, medial

rectus; SO, superior oblique; SR, superior rectus.

en
grappe



check ligaments

The action of the extraocular muscles
centre of rotation

torsion



• FIG. 20.4 The effectivity of the vertical rotators in elevation. When
the visual axis lies in the muscle plane, rotation vertically will be

maximal; in this position, there is one direction of movement only—
upwards and downwards; the further the visual axis is removed from
this position, the more effective the muscle becomes in torsion. (A)

The superior (or inferior) oblique is 100% effective in depression (or
elevation) when the eye is adducted 51°. It is ineffective when the
eye is abducted 39°. (B) The superior (or inferior) rectus is 100%

effective in elevation (or depression) when the eye is abducted 23°. It
is ineffective when the eye is adducted 67°. In the primary position,

three-quarters of its efficiency is devoted to vertical rotation and one-
quarter to torsion.



TABLE 20.1

Actions of the Extraocular Muscles



TABLE 20.2

Uniocular Eye Movements (Ductions)



TABLE 20.3

Coordination Between the Various Extraocular Muscles
in Binocular Movements (Versions)

conjugate

dysconjugate

synergists

in rotation to the right dextroversion



• FIG. 20.5 (A) The range of movement of each muscle is graded as
−4 (no movement), −3 (can move but does not reach the midline), −2
(can reach midline) and so on till 2+ (overaction). IO, inferior oblique;
IR, inferior rectus; LR, lateral rectus; MR, medial rectus; SO, superior

oblique; SR, superior rectus. (B) The fields of action of the ocular
muscles in binocular eye movements (versions). For example, the

maximum effectivity as elevators is attained by the RSR and the LIO
when acting as right-hand elevators.

In rotation upwards

TABLE 20.4

Categories of Eye Movements to be Tested

Neurological control of ocular movements

Laws governing the neural control of ocular movements



Hering law of equal innervation

see
Sherrington law of reciprocal innervation:

Nerves and centres
nervous of ocular movements

oculomotor third cranial nerve

trochlear (fourth) nerve abducens (sixth)
nerve



oculomotor nucleus

Perlia
nucleus



• FIG. 20.6 Schematic diagram of the third nerve nucleus and its
associated cell groups (after Brouwer): a, levator palpebrae; b,
superior rectus; c, inferior oblique; d, inferior rectus; e, superior

oblique–fourth nerve nucleus; f, intrinsic ocular muscles (sphincter of
the iris and ciliary muscles); g, medial rectus for convergence; h,

medial rectus for inward movement. Note: The diagram shows the
various subnuclei but is not direct representative of the actual
location; for example, ‘a’ is in reality a single, central, caudally

located nucleus.

fourth nerve nucleus

sixth nerve nucleus



• FIG. 20.7 Diagrammatic representation of the dorsal surface of the
brainstem showing the connection of the pontine centres for

conjugate lateral gaze (pontine paramedian reticular formation or
PPRF) with the abducens nuclei and the oculomotor nuclei by way of

the medial longitudinal fasciculus.

intermediary mechanism

posterior longitudinal bundle





• FIG. 20.8 The organization of the psycho-optical reflexes (fixation,
refixation, fusional, etc.). So long as the fixation point (F) is imaged

on each macula, the fixation reflex maintains the posture of the eyes
steady by an equality of muscular tone (thin, solid, black arrows). If,
however, F is moved to F´, the retina on the right of the macula is
stimulated and sets up a refixation reflex. The afferent path is (a)
retinae → optic nerve → chiasma → right optic tract; (b) lateral

geniculate body → right optic radiations → striate area of occipital
cortex; (c) peristriate occipital cortex. The efferent path is conjectural,

but traverses the posterior part of the optic radiations and reaches
the opposite cerebral peduncle where connection is made with the

vestibular nucleus (VN), the mid-brain ocular motor centres
governing conjugate elevation, depression and lateral movements

(EC, DC, LC), from where impulses are relayed through the posterior
longitudinal bundle to the ocular motor nuclei (third, fourth and sixth).
In the present case, acting essentially through the left sixth nerve and
the branch of the right third nerve to the medial rectus, the muscular
tone is altered (hollow arrows) to orientate the eyes so that F´ again

falls on each macula.



see

Voluntary ocular movements
frontal cortex



• FIG. 20.9 The ocular motor areas. A tentative localization of the
main ocular motor areas in part transferred from the brain of primates

to that of humans. It is to be noted that the apparently accurate
localization of certain areas is by no means factual or constant. CGA,
cephalogyric area; LID, lid movement area; NR, approximate area for
convergence and the near reflexes (in the macaque) (areas 19 and
22); OGA, oculogyric area; PARA, parastriate area (area 18); PERI,

peristriate area (area 19); SENS, oculosensory area; STRIATE,
striate area (area 17).



involuntary reflexes
psycho-optical reflexes—

occipital lobe

statokinetic reflexes

doll’s-head

see

static reflexes



• FIG. 20.10 Schematic diagram depicting the ocular motor systems
and their neural control.



TABLE 20.5

Control of Eye Movements (There Are Six Ocular Motor
Systems)

Both the frontal eye field and superior colliculus (SC) are obligatory routes for cerebral
cortex–initiated saccadic commands and project to the contralateral pontine paramedian
reticular formation (PPRF). Each frontal eye field or superior colliculus can generate
horizontal saccades to the opposite side. Vertical saccades are generated by simultaneous
stimuli from bilateral frontal eye fields or superior colliculi.



Fixation, projection, correspondence and
binocular vision

Fixation and projection

projected

Correspondence

corresponding points

disparate points

Fixation, fusion and reflex movements

fixation reflex



optokinetic nystagmus

involuntary fusional movements

reflex fusional capacity

• FIG. 20.11 The action of adducting (A) and abducting (B) prisms: f
and f´, left and right foveae centralis, respectively; o, object of

fixation.



• FIG. 20.12 Prism bar.  Source: (Courtesy: Clement Clarke
International Ltd.)

Binocular vision



crossed heteronymous diplopia uncrossed
homonymous diplopia

• FIG. 20.13 Physiological binocular double vision. For the sake of
clarity, the distances are out of proportion. The images of the fixation
point (F) fall on each fovea (f); those of an object near the eye (T) will

fall on t, giving rise to crossed diplopia.

Convergence and accommodation



see
metre angle

amplitude of convergence



• FIG. 20.14 Diagram of the metre angle. Cr and Cl, centres of
rotation of the right and left eyes, respectively.

distant



near point accommodation convergence

Summary
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Learning objectives

To understand what is strabismus or squint.
• To know the aetiology and types of squint and learn its
classification.
• To be clear about the assessment of squint cases.
• To be aware of amblyopia and its definition.
• To follow the principles of management.



Comitant versus incomitant strabismus
comitant incomitant

TABLE 21.1

Differentiating Features between Incomitant and
Comitant Squint

aExcept in acute-onset esotropia or intermittent divergent squint in a child old enough to
understand and report the symptom.



Aetiology of comitant strabismus

defective vision in one eye

Disturbances in muscular equilibrium

change in the normal balance between accommodation and
convergence



latent

heterophoria latent squint
manifest comitant

squint
intermittent periodic constant

convergent divergent
Convergent strabismus

Divergent strabismus (exotropia)

Symptoms of comitant strabismus



amblyopia.

Amblyopia

amblyopia ex anopsia stimulus
deprivation amblyopia

strabismic
amblyopia



TABLE 21.2

Classification of Amblyopia

crowding
phenomenon

eccentric fixation



The investigation of strabismus

TABLE 21.3

Outline of Clinical and Investigative Evaluation of a
Patient with Strabismus

Estimating the deviation

apparent or ‘pseudo’ squint

Detection of small-angle strabismus:



cover test
see

unilateral strabismus

alternating



• FLOWCHART 21.1 Interpretation of cover, cover−uncover and
alternate cover tests. Cover test: Cover apparently fixing eye and

watch movement of suspected deviating eye. Cover−uncover:
Remove cover above and watch movement of only the uncovered
eye, i.e. covered eye immediately after removing cover. Alternate

cover: Quickly cover each eye alternately and watch the behaviour of
each eye when the cover is removed and transferred to the other

eye. Hirschberg test: Shine the light of a torch on the nasion of the
patient asking him/her to fixate on the light, and watch for symmetry

of the corneal reflexes. Observe direction of each corrective
movement. If the eye moves inwards towards the nose, it is a

divergent squint because the eye is abnormally deviated outwards
and has to move ‘in’ to take up fixation. If corrective movement is

outwards, the squinting eye is convergent or esotropic.



• FIG. 21.1 Cover test. Observe the alignment of the eyes. Cover the
apparently fixing eye with an occluder and observe the response of

the other eye. Repeat this test with the other eye if required.

TABLE 21.4

Clinical Parameters of Ocular Deviation



Estimation of eye movement

(A) Forced duction test

Interpretation:



(B) Force generation test

Assessment of binocular vision

Measurement of the angle of deviation

Hirschberg test



• FIG. 21.2 Hirschberg test. Diagram of the position of the corneal
reflex as a guide to the angle of the squint.



• FIG. 21.3 Angular strabismometry. (A) Javal method. The right eye
(squinting) is central in the perimeter. The left eye fixes F. The

surgeon carries a light (S) along the arc of the perimeter until the
corneal reflex in R is central. Angle SRF (less the angle gamma) is

the angle of squint. (B) Charpentier method. The right eye (squinting)
is central in the perimeter. The left eye fixes F. A light is placed on the
perimetric arc on the line FR, and the surgeon moves round the arc

(to C) until he sees the corneal reflex in R central. Half the angle FRC
(i.e. FRS) (less the angle gamma) is the angle of squint.

Prism bar test

Synoptophore



• FIG. 21.4 The amblyoscope.



• FIG. 21.5 Synoptophore: Binocular viewing device that can be
used to determine fusion ability of individuals with diplopia who have
had long-standing severe monocular visual loss in which the vision

has been restored (e.g. correction of aphakia). (Source: From
Oystreck DT, Lyons CJ. Saudi Journal of Ophthalmology.

2012;26(3):265−270.)

General principles of management of
strabismus

Refraction, prescription of refractive correction,
occlusion, surgery



Treatment of amblyopia by occlusion of the fixing eye:

Occlusion should be total



fixing

Heterophoria or latent strabismus

orthophoric
esophoria exophoria

hyperphoria

cyclophoria

esophoria
exophoria

Symptoms



Diagnosis

cover test

Maddox rod test





• FIG. 21.6 Maddox rod testing for ocular misalignment. By
convention, the Maddox rod is always placed over the right eye and
the patient is asked to fixate on a bright white light either at distance

or near. A binocular patient’s right eye sees a red line, while the
uncovered left eye sees the white light. The illustrations on the right

are drawn from the patient’s perspective. Top row, to evaluate
horizontal ocular deviations, the bars on the Maddox rod are aligned
horizontally so that the patient sees a vertical red line with the right
eye. If there is no horizontal deviation, the patient perceives the red
line passing through the white light (depicted in yellow for illustrative
purposes). If the eyes are esodeviated, the red line, whose image

would abnormally fall on the nasal retina, appears to the right of the
white light (‘uncrossed diplopia’). Exodeviated eyes would result in

the red line appearing to the left of the light (‘crossed diplopia’)
because the red image would abnormally fall on the temporal retina.
Bottom row, to evaluate vertical deviations, the bars on the Maddox

rod should be oriented vertically (A) so that the patient will see a
horizontal red line with the right eye. The red line passes through the

white light when there is no vertical deviation, while a red line
perceived below the light implies a right hyperdeviation, and a white
light perceived below the red line indicates a left hyperdeviation (i.e.
the lower image corresponds to the hyperdeviated eye). Note that

this test will characterize the ocular misalignment, but by itself, in the
setting of paralytic or restrictive strabismus, does not indicate which
eye has the abnormal motility. (Source: From Grant T. Liu, Nicholas
J. Volpe, Steven L. Galetta. Neuro-Ophthalmology: Diagnosis and

Management. 2nd ed. London: Saunders; 2010. pp. 7−36.)

insufficiency of convergence



Maddox wing

diaphragm tests

• FIG. 21.7 Maddox wing. (Source: From Brendan T. Barrett.
Assessment of binocular vision and accommodation. In: David B.

Elliott, ed. Clinical Procedures in Primary Eye Care. 4th ed. Oxford:
Saunders Ltd.; 2014. pp. 147−208.)



(prism vergence tests)

verging power



• FIG. 21.8 Fusion slides. (A) and (B) Images seen by each eye
separately; (C) fusion of images seen by the two eyes.

Treatment



Heterotropia or manifest strabismus

Convergent strabismus (esodeviation)

Aetiology

Classification



TABLE 21.5

Classification of Esodeviation

Nonaccommodative
Accommodative

Partially
accommodative

Treatment

spectacle correction



miotic drugs

orthoptic training.

pleoptic methods





• FIG. 21.9 Accommodative esotropia fully corrected with glasses.
 Source: (Courtesy of M. Gogoi)



TABLE 21.6

A Guide to Expected Surgical Results



• FLOWCHART 21.2 Steps in planning the management of
esodeviation.



• FLOWCHART 21.3 Steps in planning the management of
exodeviation.

Divergent strabismus (exodeviation)

Aetiology

Classification



TABLE 21.7

Classification of Exotropia (Duane 1896)

aDifference of at least 10 prism dioptres between the deviation recorded at near and
distance.

‘A’ and ‘V’ phenomena



‘A’ Esotropia

‘A’ Exotropia

‘V’ Esotropia



‘V’ Exotropia

Microtropia



Operations on the extrinsic muscles

Recession of a rectus muscle (fig. 21.10a)



• FIG. 21.10 Squint surgery. As compared to the normal position of
the muscles in the diagram above, the lower diagram shows (A)

recession and (B) resection.

Resection of a rectus muscle (fig. 21.10b)



Surgical methods to weaken the inferior oblique

The superior oblique tendon weakening procedure

Brown syndrome



Enhancing the action of the superior oblique

Marginal myotomy



Muscle transposition procedures

Faden operation

Conjunctival recession and hang-back sutures

Complications



Summary



Suggested reading
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Paralytic Strabismus, 385
Aetiology, 385
Pathophysiology, 385
Signs and Symptoms, 386
Changes in Long-Standing Paralysis, 388
Clinical Workup and Investigation of a Case of Ocular
Paralysis, 389
Varieties of Ocular Paralysis, 392
Treatment, 395

Kinetic Strabismus, 396
Restrictive Strabismus, 396
Synkinesis, 397

Learning objectives

• To know the difference between comitant and incomitant
squints.
• To understand basics for signs and symptoms of incomitant
squint.



• To learn how to detect and diagnose paralytic squint and
identify the affected nerves and muscles.
• To gain a broad overview of general principles of management
of such cases

Incomitant squints

conjugate deviations
pareses of gaze

paralytic strabismus

kinetic strabismus

restrictive
strabismus

comitant
strabismus see

Paralytic strabismus
Aetiology



Pathophysiology

Lesions of the nuclei

Lesions of the nerves

see



see

Lesions of the muscles

Signs and symptoms

Squint
magnitude of squint



direction of squint

Limitation of movement

Limitation of movement

field of fixation



• FIG. 22.1 Field of binocular single vision.

cover test

primary deviation



• FIG. 22.2 Primary and secondary deviations. In comitant squint
(affecting the right eye), the primary deviation (p, A) is equal to the
secondary deviation (s, B) obtained when the non-squinting eye is

occluded by a screen, S. F is the fixation point. In paralytic squint, the
secondary deviation is greater than the primary.



secondary deviation

• FIG. 22.3 This patient with myositis of the right medial rectus
muscle has (A) restriction of abduction of the right eye due to the

inflamed taut muscle, (B) the primary deviation with the normal left
eye fixing and (C) secondary left nasal deviation which is greater with

the affected right eye fixing. A Spielman occluder obstructs the
patient’s vision but allows the examiner to see the position of the eye

behind the occluder.

Diplopia

binocular diplopia

false or apparent image
true image



homonymous diplopia

heteronymous crossed
diplopia

• FIG. 22.4 (A) Homonymous diplopia. (B) Diagram of
heteronymous (crossed) diplopia. f and f′, left and right foveae; n and
n′, left and right nodal points. The image of O formed at a is projected
to Ó which is located further temporally in A and nasally in B. b is the
retinal counterpart of Ó on the line passing from Ó through the nodal

point.

False orientation



false projection

Position of the head

Ocular torticollis

see also

Vertigo



Changes in long-standing paralysis



• FLOWCHART 22.1 Sequence of secondary changes after muscle
paralysis.

Clinical workup and investigation of a case of ocular
paralysis

History taking and preliminary clinical examination





• FIG.22.5 Diplopia chart for a patient with paralysis of the right
lateral rectus. The oblique line through the chart shows the limit of

the fields of single vision and of diplopia. The dotted arrows show the
positions of the false image in different parts of the field of diplopia.

The chart depicts the patient’s view of the images.



• FIG. 22.6 Diplopia chart for a patient with paralysis of the right
lateral rectus. The dotted arrows show the positions of the false

image in different parts of the field of diplopia. The chart depicts the
examiner’s view of images reported by the same patient as in Fig.

22.5.

cardinal positions





Tests to help identify the affected muscle

Step 1:

Step 2:



Step 3:



• FIG. 22.7 Child with left superior oblique palsy showing typical
head posture. The second row demonstrates Park three-step test.

 Source: (Courtesy: P. Sharma.)

• FIG. 22.8 Patient with left superior oblique paresis showing an
increase in the hypertropia on tilting the head to the left (A) and a

reduction with the head tilted to the right (B).  Source: (Courtesy: M.
Gogoi.)

Hess
screen test





• FIG. 22.9 Hess screen. A grey background reflects light well and is
suitable for red and green torch markers. (Source: From Mukherjee,

Clinical Examination in Ophthalmology. 2nd ed. Delhi: Elsevier; 2016.
Figure 17.41, Hess screen. pp. 276.)



• FIG. 22.10 (A) A patient being examined with a Lees screen. (B)
Lees screen. (Source: (B) From Jack J. Kanski, Brad Bowling, eds.
Clinical Ophthalmology: A Systematic Approach. 7th ed. London:

Saunders; 2011. pp. 735–781.)

Varieties of ocular paralysis



total ophthalmoplegia
external ophthalmoplegia

internal ophthalmoplegia

Paralysis of the lateral rectus (sixth cranial nerve) (fig.
22.11)



• FIG. 22.11 (A) Hess chart of a right sixth nerve palsy. (B) Hess
chart of a recent right lateral rectus palsy.  Source: (From Jack J.
Kanski, Brad Bowling, eds. Clinical Ophthalmology: A Systematic

Approach. 7th ed. London: Saunders; 2011. pp. 735–781.)



• FIG. 22.12 Right sixth nerve palsy due to increased intracranial
pressure (54 cm H2O) in a 15-year-old boy in association with an

arachnoid cyst. (A) Primary position. (B) Right gaze, showing right
abduction deficit. (C) Normal left gaze.  Source: (From Prasad S,

Nicholas JV. Neurol Clin 2010;28(3):803–833.)

Paralysis of the superior oblique (fourth cranial nerve)
(fig. 22.13)

paralysed



• FIG. 22.13 Hess chart of a recently acquired right fourth nerve
palsy.  Source: (From Jack J. Kanski, Brad Bowling, eds. Clinical

Ophthalmology: A Systematic Approach. 7th ed. London: Saunders;
2011. pp. 735–781.)



• FIG. 22.14 Diplopia chart for a case with paralysis of the right
superior oblique. The right eye is hypertropic, extorted and esotropic

as the superior oblique is a depressor, intortor and abductor. The
diplopia is thus homonymous and the false image belonging to the

right eye is lower and intorted.



Paralysis of the third nerve (fig. 22.15)



• FIG. 22.15 Hess chart of a left third nerve palsy.  Source: (From
Jack J. Kanski, Brad Bowling, eds. Clinical Ophthalmology: A

Systematic Approach. 7th ed. London: Saunders; 2011. pp. 735–
781.)



• FIG. 22.16 Diplopia chart for a patient with right third nerve
paralysis. The area enclosed by the curved line is the area of single

vision. Note the heteronymous diplopia with extorted higher false
image of the right eye which is exotropic, abducted and intorted.



• FIG. 22.17 Right third nerve paresis in a 33-year-old man with a
pituitary adenoma. Photographs in primary gaze (A), upward gaze
(B), downward gaze (C), right lateral gaze (D) and left lateral gaze
(E). Note right ptosis in primary gaze (A), paralysis of upward gaze

(B) and paralysis of left lateral gaze attributable to an inability to
adduct (E).  Source: (From Smoker WRK, Reede DL. Neuroimaging

Clin N Am 2008;18(2):387–411.)

Congenital incomitant strabismus



Musculofascial anomalies
Duane retraction syndrome

• FIG. 22.18 Duane retraction syndrome (left eye). Note the marked
limitation of abduction of the left eye (A), with minimal deviation in

primary position (B) and narrowing of the palpebral fissure of the left
eye on adduction (C).  Source: (Courtesy: P. Sharma.)

superior oblique sheath syndrome



Treatment

Kinetic strabismus

see



• FIG. 22.19 Left inferior oblique overaction.  Source: (From Jack J.
Kanski. Clinical Ophthalmology: A Synopsis. Chapter 20. Elsevier;

2009. pp. 393–406.)

Restrictive strabismus



TABLE 22.1

Clinical Features of Paralytic and Restrictive Squints

Synkinesis

von Graefe sign

Bell phenomenon



‘jaw-
winking’ synkinesis

cyclic oculomotor spasm



Summary

Neurogenic paralytic
Myogenic

Mechanical restrictive



SECTION VI:

OUTLINE
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Learning objectives

• To know the clinical relevance of normal eyelid anatomy and
physiology in maintaining eye health.
• To learn to recognize the important abnormalities affecting the
eyelids and principles of management.

Anatomy



tarsus

• FIG. 23.1 Section through the upper lid. 1, orbicularis muscle; 2,
sweat gland; 3, hair follicle; 4, gland of Zeis; 5, cilium; 6, gland of

Moll; 7, pars marginalis of orbicularis muscle; 8, pars subtarsalis of
orbicularis muscle; 9, inferior arterial arcade; 10, meibomian gland;
11, gland of Wolfring; 12, conjunctival crypts; 13, superior arterial

arcade; 14, gland of Krause; 15, Müller muscle; 16, levator palpebrae
superioris; 17, fat.



Zeis glands

Moll glands

intermarginal strip see

meibomian tarsal glands



Blood supply:

Lymphatics:

Nerve supply:

Oedema of the lids

Inflammatory oedema



solid oedema

Passive oedema

Inflammation of the lids

Blepharitis

blepharitis acarica Demodex folliculorum phthiriasis
palpebrarum

Anterior blepharitis

Seborrhoeic or squamous blepharitis



Staphylococcal or ulcerative blepharitis

Staphylococcus



• FIG. 23.2 Ulcerative blepharitis. The lower lid shows a loss of
lashes in areas and an ulcer with surrounding mucopurulent

discharge at the lash line.

Treatment:

Sequelae:

madarosis



trichiasis

tylosis

epiphora

ectropion

Posterior blepharitis

Meibomian seborrhoea

Meibomianitis

Molluscum contagiosum



• FIG. 23.3 Molluscum contagiosum.

Preseptal cellulitis

Allergic dermatitis



• FIG. 23.4 Allergic dermatitis to hair dye.

Inflammation of the glands of the lids

Hordeolum externum or stye



• FIG. 23.5 Stye.  Source: (From Jack J. Kanski, ed. Clinical
Ophthalmology: A Synopsis, 2nd ed. London: Butterworth-

Heinemann; 2009. pp. 53–84.)

Treatment:

Hordeolum internum



Treatment:

Chalazion

Clinical features

marginal chalazion



• FIG. 23.6 Chalazion of the upper lid.

Treatment



Anomalies in the position of the lashes and
lids

Blepharospasm

essential blepharospasm
reflex blepharospasm

Essential blepharospasm

Treatment

Surgical treatment



Sensory reflex blepharospasm

Treatment

Trichiasis

• FIG. 23.7 Trichiatic lashes.

Aetiology:



symptoms

Epilation:

Electrolysis:

Diathermy:

Surgery.



Entropion

• FIG. 23.8 (A) Normal position of the upper and lower lid margins.
(B) Spastic entropion. (C) Cicatricial entropion. (D) Senile ectropion.



Clinical features:

Involutional entropion

Bick procedure modified by Reeh



• FIG. 23.9 Surgery for involutional entropion (Bick procedure
modified by Reeh).

Tucking of inferior lid retractors (Jones, Reeh and Wobig):



• FIG. 23.10 (A) Tucking of inferior lid retractors (Jones, Reeh and
Wobig). (B) Cut section of lid showing formation of a fibrous ridge

and tucking of inferior lid retractors.  Source: [(B) Courtesy: Neelam
Pushkar]



Cicatricial entropion

• FIG. 23.11 Cicatricial entropion due to trachoma. (A) Thickened
tarsus with trichiasis. (B) Extensive cicatrization of the conjunctiva.

The meibomian glands have been dragged conjunctivally.



Treatment:

• FIG. 23.12 Surgery for cicatricial entropion. (A and B) Wedge
resection. (C and D) Tarsal fracture.

Burrow operation tarsal
fracture



Spastic entropion



• FIG. 23.13 Spastic entropion. The lid margin is partially curled in
and the lashes sweep the cornea.

Treatment:

Congenital entropion



Ectropion

Acquired

Congenital



Involutional ectropion

Surgical treatment:



• FIG. 23.14 Byron Smith modification of Kuhnt–Szymanowski
procedure.

Paralytic ectropion

lateral tarsorrhaphy

Cicatricial ectropion



• FIG. 23.15 Cicatricial ectropion.  Source: (Courtesy: Sanjiv Gupta.)

Treatment

blepharoplasty

Symblepharon



symblepharon posterior
symblepharon anterior total symblepharon

Treatment:

Ankyloblepharon

Blepharophimosis



epicanthus
lateralis

Lagophthalmos



• FIG. 23.16 Tarsorrhaphy for lagophthalmos.

Ptosis

PTOS1 PTOS2 ZFH-4

Congenital

Acquired



Examination:

• FIG. 23.17 How to record the position of the upper lid.





• FIG. 23.18 Left moderate congenital ptosis.  Source: (From Jack J.
Kanski, ed. Clinical Ophthalmology: A Synopsis, 2nd ed. London:

Butterworth-Heinemann; 2009. pp. 53–84.)

Congenital ptosis





• FIG. 23.19 Marcus Gunn ptosis. The right upper lid is elevated on
moving the jaw to the left.

Management
treatment of choice



• FIG. 23.20 Severe congenital partial ptosis.

Fasanella–Servat operation is



TABLE 23.1

Surgical Treatment of Various Types of Ptosis
Conjunctival approach levator aponeurotic resection:



• FIG. 23.21 Conjunctival approach levator resection. The upper
eyelid is maintained in a position of double eversion to expose the
conjunctival surface of the lid and the region of the superior fornix,
and this is achieved by the use of Desmarre eyelid retractor which

presses on the skin surface of the eyelid. The palpebral conjunctiva
is incised in the region of the upper border of the tarsal plate and

three double-ended silk sutures (with the loop of each suture on the
inner surface of the conjunctiva) are inserted into the upper edge of

the incised conjunctiva so that this portion of the conjunctiva is
retracted into the region of the superior fornix with exposure of the

underlying superior palpebral muscle and levator tendon.
 Source: (Reproduced with courtesy from Eyes. In: Miller SJH, ed.
Rob and Smith’s Operative Surgery, 3rd ed. London: Butterworths;

1976.)

Anterior approach levator aponeurotic resection:



Whitnall’s sling procedure:

Levator plication:

Advantages



Frontalis suspension:



• FIG. 23.22 Modified Crawford double triangle technique for
frontalis suspension surgery.



• FIG. 23.23 Modified Fox pentagon technique for frontalis
suspension surgery.  Source: (Courtesy: Neelam Pushkar)

Fascia lata for frontalis



Acquired ptosis

Neurogenic ptosis

see



Myogenic:

Myasthenia gravis



• FIG. 23.24 Myasthenia gravis with severe bilateral ptosis. (A)
Before treatment. (B) The same patient after administration of

intravenous edrophonium chloride, 10 mg/mL.  Source: (From Philip
L. Custer. Ophthalmology 2014:1272–1277.e1.)

Aponeurotic

Mechanical

Lid retraction



Tumours of the lids and allied conditions

Benign growths

common
cysts occur

Xanthelasma or xanthoma
Xanthelasma xanthoma

Naevus or mole
margin

Haemangioma

cavernous



• FIG. 23.25 Cavernous haemangioma of the lid. Cavernous
haemangiomas are more commonly found in the orbit and are rarely
seen in the eyelid. When found on the skin, they are elevated lesions
that are compressible with palpation.  Source: (From Jay Krachmer,
David A. Palay. Cornea Atlas, 3rd ed. London: Saunders; 2014. pp.

17–26.)

Sturge–Weber syndrome



• FIG. 23.26 Sturge–Weber syndrome.  Source: (Courtesy: N. Lomi.)



Neurofibromatosis





• FIG. 23.27 Neurofibromatosis. (A) Multiple facial neurofibromas.
(B) Plexiform facial neurofibroma.  Source: [(B) Courtesy: Neelam

Pushkar]

Malignant tumours



TABLE 23.2

Common Malignant Tumours of the Eyelid

Basal cell carcinoma
basal cell

carcinoma

• FIG. 23.28 Basal cell carcinoma.  Source: (Courtesy: Sanjiv
Gupta.)



Squamous cell carcinomata

• FIG. 23.29 Squamous cell carcinoma.  Source: (Courtesy: Neelam
Pushkar)

Sebaceous cell carcinomata



• FIG. 23.30 (A) Early sebaceous cell carcinoma with loss of lashes.
(B) Large sebaceous cell carcinoma.  Source: (Courtesy: (A) Sanjiv

Gupta.)

Kaposi sarcoma

Sarcoma reticular
tumours

Malignant melanomata



melanosis

Treatment

Injuries of the lids

Contusions

Wounds



Treatment:

• FIG. 23.31 Coloboma repaired by direct closure. (A) Lid coloboma.
(B) Repair by direct closure.



Burns

Congenital abnormalities of the lids

Distichiasis

Coloboma of the lid



mandibulofacial dysostosis, Goldenhar syndrome

• FIG. 23.32 Upper lid colobomas.  Source: (From Jack J. Kanski,
Brad Bowling, eds. Clinical Ophthalmology: A Systematic Approach,

7th ed. London: Saunders; 2011. pp. 1–63.)

Cryptophthalmos

Microblepharon

ablepharon

orbitopalpebral cyst



clinical anophthalmos

Epicanthus



• FIG. 23.33 Epicanthic folds. (A) Palpebralis. (B) Tarsalis. (C)
Inversus.  Source: (From Jack J. Kanski, Brad Bowling, eds. Clinical
Ophthalmology: A Systematic Approach, 7th ed. London: Saunders;

2011. pp. 1–63)



Age-related changes of the lids

prolapse of the orbital fat
Dermatochalasis

Summary
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Learning objectives



• To have basic knowledge of how abnormalities of the lacrimal
apparatus manifest clinically.
• To understand how to systematically approach the patients in
differentiating the diagnosis, ordering and planning the
investigations and treatment.

Anatomy and physiology

• FIG. 24.1 Lacrimal apparatus.

Lacrimal glands



Lacrimal passages

puncta

canaliculi

valve of Rosenmuller



nasolacrimal duct

valve of Hasner

lacrimal sac

Lacrimal secretion

the lacrimal pump



Nerve supply

Diseases of the lacrimal gland

Dacryoadenitis



Mikulicz syndrome

Dacryops

Tumours of the lacrimal gland



• FIG. 24.2 Pleomorphic lacrimal gland adenoma. (A) Histology
shows glandular tissue and squamous differentiation with keratin

formation. (B) Inferonasal dystopia due to a tumour arising from the
orbital lobe. (C) Coronal CT shows an oval mass.  Source: (From

Jack J. Kanski, Brad Bowling, eds. Clinical Ophthalmology: A
Systematic Approach, 7th ed. London: Saunders; 2011. pp. 79–120.)

Dry eye disease



Tests for dry eye



Staphylococcus

Treatment



TABLE 24.1

Treatment Recommendations for Dry Eye (as Per
Severity)

In addition to above-mentioned treatments:

In addition to above-mentioned treatments:

Source: Adapted from Report of the Management and Therapy Subcommittee of the
International Dry Eye Workshop. Ocul Surf 2007;5:174.



Diseases of the lacrimal passages

Dacryocystitis

Chronic dacryocystitis

Investigation

staphylococci, pneumococci,
streptococci



Staphylococcus aureus, Haemophilus influenzae

Treatment



Acute dacryocystitis



• FIG. 24.3 Chronic dacryocystitis with acute exacerbation of the
infection.  Source: (Courtesy: Neelam Pushkar)

Epiphora



Investigations



• FIG. 24.4 Severe long-standing involutional ectropion.
 Source: (From Jack J. Kanski, Brad Bowling, eds. Clinical

Ophthalmology: A Systematic Approach, 7th ed. London: Saunders;
2011. pp. 1–63.)





TABLE 24.2

Diagnosing the Level of Lacrimal Passage Obstruction

• FIG. 24.5 Macrodacryocystography.  Source: (Adapted from Jamie
Weir, Peter H. Abrahams, Jonathan D. Spratt, Lonie R. Salkowski,
Fabrice Duparc. Anatomie du corps humain—Atlas d’Imagerie, 1st

ed. Paris: Elsevier Masson; 2010.)



• FIG. 24.6 Stenosis—obstruction seen on tomographic DCG. (A)
Tomographic DCG shows obstruction at the right common

canaliculus (arrowhead) and junction of the left lacrimal sac and
nasolacrimal duct (open arrow), with dilatation of the left lacrimal sac
(arrow). Bilateral reflux of contrast material into the conjunctival sac
(curved arrows). (B) Right tomographic DCG shows high obstruction
of the lacrimal sac (arrow), which appears contracted proximal to the
obstruction. Minimal irregularity (arrowhead) is seen in the superior

canaliculus. Contrast material refluxed into the conjunctival sac (open
arrows). (C) Lateral tomogram of the right NLDS shows dilated
lacrimal sac (arrowhead) proximal to partial obstruction at the
junction of the lacrimal sac and the nasolacrimal duct (arrow).

Contrast material is seen in the nose (curved arrows).  Source: (From
Peter M. Som, Hugh D. Curtin, eds. Head and Neck Imaging, 5th ed.

Philadelphia, PA: Mosby Inc.; 2011. pp. 757–853.)

Eversion of the lower punctum



Punctal stenosis

Occlusion of the puncta



Occlusion of the canaliculus

Congenital anomalies of the puncta and canaliculi

Canalicular obstruction



Nasolacrimal duct obstruction

mucocoele



encysted mucocoele

• FIG. 24.7 Lacrimal mucocoele. (A) A cystic swelling visible in the
region of the lacrimal sac. (B) The appearance on CT scan.

 Source: [(A) Courtesy: Neelam Pushkar]

Functional blockage



Treatment

Steps of surgical procedures
Dacryocystorhinostomy



Endoscopic transnasal
dacryocystorhinostomy (internal DCR)

Conjunctivodacryocystorhinostomy Lester Jones tube



• FIG. 24.8 Jones tube in position.  Source: (Courtesy: Neelam
Pushkar)

Canaliculodacryocystorhinostomy

Summary
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Malignant Tumours, 445
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Learning objectives

• To study the relevant clinical anatomy of the orbit.
• To learn about the important disease conditions affecting the
orbit.
• To have an understanding of the various investigations and
interpretation and the principles of treatment.

Anatomy





• FIG. 25.1 (A) Diagrammatic representation of the orbital apex. (B)
Horizontal section through the orbit. L, lateral check ligament; LM,

lacrimal portion of orbicularis muscle; LP, lateral palpebral ligament;
LS, lacrimal sac; M, medial check ligament; MP, medial palpebral
ligament dividing into a superficial and a deep band; MS, muscle
sheaths; TA, anterior part of Tenon capsule; TP, posterior part of

Tenon capsule.



subperiosteal space
peripheral orbital

(extraconal) space

central intraconal space
Tenon space

Common signs and symptoms of orbital
diseases



• FIG. 25.2 A simple exophthalmometer (Luedde scale). The
instrument is made of a transparent plastic with a groove which fits

into the outer bony margin of the orbit. The scale is engraved on both
sides of the solid bar of plastic and the observing eye is aligned to
read off the level of the apex of the cornea so that the scales on

either side of the bar and the apex of the cornea are in one straight
line. In the illustration, the two scales at 3 cm are seen out of

alignment, and at 4 cm this tendency is increased.

Proptosis/Exophthalmos

proptosis
enophthalmos



Proptosis in children

In adults

axial



• FIG. 25.3 Common space-occupying lesions seen in the different
orbital spaces.

Enophthalmos



Clinical workup of proptosis



Investigation of orbital lesions

Plain X-rays

Ultrasonography



Computerized tomography in orbital lesions

Magnetic resonance imaging

Angiography



Orbital inflammation



TABLE 25.1

Orbital Inflammations

Periostitis

the orbital apex syndrome

Orbital cellulitis

Preseptal cellulitis
Orbital cellulitis



Preseptal cellulitis

• FIG. 25.4 Preseptal cellulitis with abscess  Source: (Courtesy:
Sujeeth Modaboyina).

orbital cellulitis



Staphylococcus Streptococcus H.
influenzae Pseudomonas E. coli

Mucor Aspergillus



• FIG. 25.5 (A) Severe orbital cellulitis in a diabetic patient whose
CT scan (B) shows soft-tissue swelling of the orbit.

Treatment:

Thrombosis of the cavernous sinus

Sources of infection



• FIG. 25.6 Tributaries of the cavernous sinus (lateral view).



• FIG. 25.7 Tributaries of the cavernous sinus  Source: (from above).

Symptoms and signs



Management

Idiopathic orbital inflammatory disease (nonsclerosing
inflammation)



Idiopathic sclerosing inflammation of the orbit (IgG4-
related disease)

Tolosa–Hunt syndrome



Parasitic infestations of the orbit

Trichinosis

Trichinella spiralis

Cysticercosis
Taenia solium



Hydatid disease

Echinococcus granulosus



• FIG. 25.8 Orbital hydatid cyst.

Paranasal sinusitis



• FIG. 25.9 Frontoethmoidocoele.

Treatment:

Wegener granulomatosis



Tumours of the orbit

TABLE 25.2

Common Orbital Space-Occupying Lesions



Benign lesions

dermoid cysts

• FIG. 25.10 The mass displacing the medial aspect of the upper lid
was an osteoma.  Source: From Jonas T. Johnson. Operative

Otolaryngology: Head and Neck Surgery, Chapter13. Philadelphia:
Saunders; 2008. pp. 99–105.

meningoencephalocoeles



Orbital haemangiomas

• FIG. 25.11 Capillary haemangioma.



• FIG. 25.12 Ultrasound of the orbit showing a well-encapsulated
mass with medium-to-high amplitude spikes suggestive of a

haemangioma.

Orbital varices



• FIG. 25.13 (A) Case with orbital varices. (B) Phlebolith removed
from the lesion after surgery.

Haemopoietic tumours

Tumours originating from the optic nerve and its sheaths





• FIG. 25.14 Optic nerve glioma. Axial CT shows fusiform optic
nerve enlargement.  Source: From Jack J. Kanski, Brad Bowling,

eds. Clinical Ophthalmology: A Systematic Approach, 7th ed.
London: Saunders; 2011. pp. 79–120.



• FIG. 25.15 T2-weighted MRI of a 35-month-old child with optic
pathway gliomas involving the left optic nerve, chiasm and both optic

tracts. This patient received treatment solely on the basis of
radiological progression on MRI.  Source: From Laura S, Darvish-
Zargar M, Marie-Emmanuelle D, et al. J AAPOS 2010;14(2):155–

158.

optic nerve meningiomas



• FIG. 25.16 CT scan of optic nerve sheath meningioma. Axial CT
scan without contrast shows thickening and calcification of the left

optic nerve (arrow).  Source: From Grant T. Liu. Neuro-
Ophthalmology: Diagnosis and Management, Chapter 5. Elsevier

Inc.; 2010. pp. 103–198.



Osteomata

Malignant tumours

Rhabdomyosarcoma



• FIG. 25.17 Rhabdomyosarcoma.

treatment

Secondary orbital tumours

Malignant nasopharyngeal tumours



• FIG. 25.18 Clinical picture and CT of a nasopharyngeal carcinoma
extending into the right orbit.



Lipodystrophies

diabetic
exophthalmic dysostosis
xanthomatosis

Therapy of orbital tumours



• FIG. 25.19 Orbital lymphoma.

anterior orbitotomy

lateral orbitotomy

lateral orbitotomy



Exenteration of the orbit

Endocrine exophthalmos



Graves disease

• FIG. 25.20 Proptosis in thyroid eye disease. Symmetrical.
 Source: From Jack J. Kanski, Brad Bowling, eds. Clinical

Ophthalmology: A Systematic Approach, 7th ed. London: Saunders;
2011. pp. 79–120.





TABLE 25.3

Assessment of Graves Ophthalmopathy (GO) Activity
and Severity

Exophthalmic ophthalmoplegia

exophthalmos



Injuries of the orbit

Pulsatile proptosis

• FIG. 25.21 (A) Caroticocavernous fistula (CCF) with proptosis and
dilated vessels. (B) Ultrasonogram showing a dilated superior

ophthalmic vein due to CCF.



Treatment

Intermittent proptosis

Penetrating injuries



Nonpenetrating injury

emphysema

Blow-out fractures of the orbit



• FIG. 25.22 Right orbital floor blow-out fracture. (A) Mild bruising
and superficial laceration. (B) Restricted elevation. (C) Mild

enophthalmos. (D) CT coronal view shows a defect in the orbital floor
(arrow) and the ‘teardrop’ sign in the antrum.  Source: From Jack J.
Kanski, Brad Bowling, eds. Clinical Ophthalmology: A Systematic

Approach, 7th ed. London: Saunders; 2011. pp. 871–895.

(traumatic enophthalmos)



Fractures of the base of the skull

Treatment:



Summary



Suggested reading

http://www.atlasophthalmology.com/
http://cogancollection.nei.nih.gov/
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Learning objectives

• To learn the various neurological disorders and their effect on
the eyes and vision.
• To understand the basic clinical approach in arriving at the
cornea diagnosis, ordering relevant investigations and referring
for further management.

Brief overview

history neuro-ophthalmic evaluation
neuroimaging





• FIG. 26.1 Carotid angiogram showing the internal carotid artery
and its branches.

The visual pathway and neurological
disorders





• FIG. 26.2 Diagram of the visual paths, showing sites of lesions and
the corresponding field defects: 1, lesion through optic nerve—

ipsilateral blindness; 2, lesion through proximal part of optic nerve—
ipsilateral blindness with contralateral hemianopia or superior

quadrantanopia (Traquair junctional scotoma); 3, sagittal lesion of
chiasma—bitemporal hemianopia; 4, lesion of optic tract—

homonymous hemianopia; 5, lesion of temporal lobe—quadrantic
homonymous defect; 6, lesion of optic radiations—homonymous

hemianopia (sometimes sparing the macula); 7, lesion more
anteriorly in occipital cortex—contralateral temporal crescentic field

defect; 8, lesion of occipital lobe—homonymous hemianopia (usually
sparing the macula).

see



Hemianopia

homonymous hemianopia

Cortical and subcortical lesions



hemiachromatopsia
see

quadrantanopia

see



Lesions of the optic tract



• FIG. 26.3 Homonymous hemianopia.

Lesions of the optic chiasma



scotoma

altitudinal hemianopia



• FIG. 26.4 Automated perimetry colour printout showing left
superior quadrantanopia. The right eye was blind (similar to Fig.

26.3). Colour coding reflects the density of the scotoma.

chiasmal arachnoiditis

Binasal hemianopia



The ocular motor system and neurological
disorders

Extraocular muscle paresis

Skew deviation



Nystagmus

Aetiopathogenesis and classification



TABLE 26.1

Classifications of Nystagmus
Congenital jerky nystagmus

Nystagmus in adults

Types and clinical features

To-and-fro
movement

Oscillopsia



latent nystagmus

alternating sursumduction dissociated vertical deviation

Manifest latent nystagmus

Nystagmoid jerks

Optokinetic nystagmus
congenital early infantile acquired



Nystagmus in infancy
spasmus nutans

Nystagmus blockage syndrome

See-saw nystagmus:
see-saw nystagmus of

Maddox

Convergence and retraction nystagmus:



Upbeat nystagmus:

Downbeat nystagmus:

Rebound nystagmus:

Gaze-evoked nystagmus:

Gaze-paretic nystagmus:



Periodic alternating nystagmus:

Vestibular or labyrinthine nystagmus:

Miners’ nystagmus:



Differential diagnosis

ocular bobbing

Flutter-like oscillations

Opsoclonus

Oculopalatal myoclonus

Evaluation and treatment





Vascular disorders

Intracranial aneurysms



• FIG. 26.5 The common sites of aneurysms in the chiasmal region.

Pathophysiology

Aneurysms

Mechanical pressure



Production of an arteriovenous fistula

Production of subarachnoid haemorrhage

Terson syndrome

Vascular malformations of the nervous system



Capillary telangiectases

Cavernous angiomas

Venous malformations

Arteriovenous malformations



• FIG. 26.6 Carotid angiogram showing an arteriovenous
malformation with a ‘bag of worms’ appearance in the frontoparietal

area.  Source: (Courtesy: P.N. Tandon.)

Arteriovenous fistulae

direct arterial dural internal carotid external carotid
high flow low flow traumatic

spontaneous
Carotid–cavernous fistulae



• FIG. 26.7 Dilated episcleral vessels in a patient with carotid–
cavernous fistula.

cavernous sinus dural fistula



Radiographic diagnosis



• FIG. 26.8 Higher-grade dural arteriovenous fistula. A 54-year-old
woman presented with vertigo, progressing headaches and abnormal

brain MRI (not shown) demonstrating cerebellar parenchymal
swelling and subtle signal abnormality, reflecting venous congestion.

Diagnostic angiogram confirms DAVF of the torcular region, with
supply from multiple arteries including the middle meningeal artery

and opacification of multiple cerebellar veins. Transvenous
embolization of this fistula is not practical. After transarterial

embolization with NBCA tissue adhesive, resulting in a glue cast of
the distal feeding arteries and proximal recipient veins, the fistula is

obliterated. CV, cerebellar veins; MC, microcatheter in middle
meningeal artery; MMA, middle meningeal artery.  Source: (From
Robinson DH. Otolaryngol Clin North Am 2005;38(4):737–771.)



Vasculopathies and cerebral occlusive disease

Aetiopathogenesis and pathophysiology

Clinical syndromes

Amaurosis fugax
Aetiopathogenesis:

Clinical features:

see



Differential diagnosis:



TABLE 26.2

Conditions which Produce Transient Visual Loss

see

CRVO, central retinal vein occlusion.

Treatment:

• FLOWCHART 26.1 Treatment of amaurosis fugax.

Carotid occlusive disease or ocular ischaemic syndrome



Aetiopathogenesis:

Clinical features:

include

Differential diagnosis:



Treatment:

Vertebrobasilar insufficiency
Aetiopathogenesis:

Clinical features:

Differential diagnosis:

Treatment:

Cerebral haemorrhage and thrombosis
occipital cortex



see

premotor frontal cortex frontal eye
field

internal capsule

pons

basilar artery

posterior inferior cerebellar artery

Cortical blindness
Aetiopathogenesis:



Clinical features:

Treatment:

Giant cell arteritis
See

Migraine

Aetiopathogenesis:



Clinical features:



TABLE 26.3

Classification of Migraine based on Clinical Presentation

fortification spectra



Cerebral

Ophthalmoplegic

Retinal
Basilar artery migraine

Differential diagnosis:



TABLE 26.4

Differential Diagnosis of Headache



Treatment:



Infections

Meningitis

Streptococcus pneumoniae
Neisseria meningitides
Listeria monocytogenes Haemophilus influenzae

H.
influenzae

Staphylococcus aureus



Mycobacterium tuberculosis
spirochaetes

Cryptococcus neoformans, Coccidioides immitis, Candida Aspergillus
Histoplasma capsulatum Sporothrix schenckii

Toxoplasma gondii, Acanthamoeba
Taenia solium

Gnathostoma spinigerum Angiostrongylus spinigerum

acute meningococcal (epidemic) meningitis

acute basal meningitis

Chronic basal meningitis



middle ear

Chronic chiasmal arachnoiditis

tuberculous meningitis

Intracranial tuberculomas

Diagnosis:



Treatment:

L. monocytogenes

Pseudomonas aeruginosa

Encephalitis

encephalitis

encephalitis lethargica

oculogyric crises

polioencephalitis



Other infections
subdural empyema

epidural abscess brain
abscess

suppurative thrombophlebitis cavernous sinus
thrombosis

Syphilitic infections
Treponema pallidum



Congenital syphilis

Acquired syphilis

primary syphilis
secondary syphilis

latent syphilis

late syphilis

Neurosyphilis
T.

pallidum
T. pallidum



meningitis
meningovascular

parenchymatous involvement

Cerebral syphilis

Tabes dorsalis

Syphilitic optic atrophy
tabes dorsalis



fields pari passu

pupillary signs

Paralyses of the extrinsic ocular muscles:

General paralysis of the insane (progressive paralysis,
paralytic dementia)



• FIG. 26.9 Diagnostic features of important pupillary abnormalities.



Primary optic atrophy

Paralyses of the extrinsic ocular muscles

Demyelinating diseases

Multiple sclerosis

Aetiopathogenesis, pathophysiology and clinical
overview

plaques





Ophthalmic manifestations

retrobulbar neuritis

Retinal venous ‘sheathing’

Nystagmus



Presence of a relative afferent pupillary defect

Paralyses

internuclear ophthalmoplegia

• FIG. 26.10 Internuclear ophthalmoplegia. (A) Demonstrating poor
adduction of left eye on dextroversion but normal adduction on

convergence. (B) Plaques of demyelination seen on MRI.

Treatment



Neuromyelitis optica (devic disease)

Acute multiple sclerosis (marburg variant)

Acute disseminated encephalomyelitis

postinfectious



postvaccinial

Infectious prion diseases



Intracranial tumours

• FIG. 26.11 CT scan showing malignant glioma of the right frontal
lobe.  Source: (Courtesy: P.N. Tandon.)



Clinical features

Symptoms

increased intracranial pressure

Focal neurological deficits

Convulsions
Headache

Signs

Papilloedema
see



Paralyses of the ocular muscles

Focal signs

Tumours of the frontal lobe

Chiasmal and pituitary tumours: See



• FIG. 26.12 Pituitary tumour. (A) Optic atrophy resembling
glaucomatous cupping but with normal intraocular pressure.

Bitemporal hemianopia led to the correct diagnosis on Goldman field
charting (C and D), which was confirmed by CT scan. (B) Automated

static perimetry (E and F).

Tumours of the temporal lobe:

Tumours of the parietal lobe:



Tumours of the occipital lobe:

Tumours of the midbrain:

cerebral peduncles

Weber syndrome

Benedikt
syndrome



• FIG. 26.13 The relation between the pyramidal tracts and the
ocular motor nuclei. (A) The site of a lesion causing Weber syndrome
(ipsilateral third nerve paralysis and crossed hemiplegia of the face
and body). (B) The site of a lesion in the pons causing ipsilateral
upper motor neuron palsy, i.e. without muscular atrophy, facial

paralysis and contralateral hemiplegia which, on extension
downwards, may involve abducens paralysis (Millard–Gubler
syndrome). (C) The site of a lesion in the pons causing Foville

syndrome, i.e. ipsilateral abducens paralysis with loss of conjugate
deviation to the same side, ipsilateral lower motor neuron facial palsy

and contralateral upper motor neuron hemiplegia.

pons

Foville syndrome



Tumours of the auditory nerve

Tumours of the cerebellum:

see

RB1

MEN1

Hydrocephalus

acquired hydrocephalus



Head injury

Closed-head injuries
concussion

haemorrhage

Hutchinson pupil

Pinpoint pupils



• FIG. 26.14 CT scan showing extradural haematoma in the parieto-
occipital region.  Source: (Courtesy: P.N. Tandon.)

Fractures of the base of the skull



Injuries to the optic nerve and optic chiasma
See

Hereditary and degenerative diseases

Neurocutaneous syndromes (phakomatoses)

Neurofibromatosis Type 1 von Recklinghausen disease
NF1

freckles
café au lait Lisch

nodules cutaneous neurofibromas

Neurofibromatosis Type 2 NF2
schwannomas



café au lait
Tuberous sclerosis Bourneville disease

TSC1 TSC2
seizures mental retardation skin lesions

von Hippel–Lindau syndrome VHL

haemangioblastomas

naevus of Ota

Chronic progressive external ophthalmoplegia
myopathy

neurogenic

Hereditary ataxia (friedreich disease)



Status dysraphicus

syringomyelia

syringobulbia

Lysosomal storage disorders

Wilson disease
hepatolenticular degeneration

AT P7B

Kayser–Fleischer rings

Alzheimer disease



APP
PS-1 PS-2

Apo E

Parkinson disease

tremors rigidity



akinesia

tremor

rigidity akinesia

festinating gait
blepharoclonus

blepharospasm
infrequent blinking

Progressive supranuclear palsy

supranuclear ophthalmoplegia



Ophthalmoplegia caused by deficiencies and
toxins

lead poisoning

botulism C. botulinum

diphtheria

influenza

thiamine deficiency

acute haemorrhagic anterior
encephalopathy

Congenital and developmental conditions



Encephalocoele

Craniosynostoses

trigonocephaly turricephaly, tower
skull brachycephaly scaphocephaly

plagiocephaly

Congenital oculomotor apraxia



Congenital spastic diplegia (little disease)

Disorders of higher visual functions
Visual agnosia

apperceptive agnosia

associative agnosia

Alexia
‘a’

without ‘absence’ ‘lexis’ word

Aphasia

Agraphia

Visual illusions



Hysterical blindness

Summary
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CHAPTER OUTLINE

The Eye in Systemic Disease, 483
Immunopathological Processes and the Eye, 483

Type I Hypersensitivity (Acute Anaphylactic Type), 483
Type II Hypersensitivity (Complement-Dependent
Type), 484
Type III Hypersensitivity (Immune-Complex Type), 484
Type IV Hypersensitivity (Cell-Mediated), 484
Type V Hypersensitivity (Stimulating), 484
Autoimmune Disorders, 484

Haematological Diseases, 485
Infectious Diseases, 486

Acquired Immune Deficiency Syndrome, 486
Endocrine Disorders, 486
Muscular Disorders, 486
Inherited Disorders, 487

Learning objectives



• To understand the clinical presentations of systematic diseases
that affect the eye.
• To learn to discuss ocular manifestations that may sometimes
precede systematic presentations.
• To understand clear criteria for screening, investigations and
referral.

The eye in systemic disease

Immunopathological processes and the eye

Type I hypersensitivity (acute anaphylactic type)



Type II hypersensitivity (complement-dependent type)

Type III hypersensitivity (immune-complex type)

Type IV hypersensitivity (cell-mediated)

Type V hypersensitivity (stimulating)



Autoimmune disorders



• FIG. 27.1 Retinal changes in systemic lupus erythematosus.



• FIG. 27.2 Extensive neovascularization in Takayasu disease.
 Source: (Courtesy: A.H. Paul.)



TABLE 27.1

Ocular and Systemic Features of Immunological
Disorders

• FIG. 27.3 Sarcoid nodule.

Haematological diseases



TABLE 27.2

Ocular and Systemic Features of Haematological
Diseases

• FIG. 27.4 Fundus of a patient with chronic myeloid leukaemia.

Infectious diseases



Acquired immune deficiency syndrome

Pneumocystis carinii



Pneumocystis Toxoplasma

Cryptococcus



TABLE 27.3A

Ocular and Systemic Features of Infectious Diseases

TABLE 27.3B

Ocular and Systemic Features of Parasitic Diseases

• FIG. 27.5 Kaposi sarcoma in a patient with Acquired Immune
Deficiency Syndrome.

Endocrine disorders





TABLE 27.4

Ocular and Systemic Features of Endocrine Disorders
and Disorders of Metabolism

• FIG. 27.6 Wilson disease. (A) Sunflower cataract. (B) Kayser–
Fleischer ring at Descemet’s membrane.



• FIG. 27.7 Lipaemia retinalis in a juvenile diabetic.
 Source: (Courtesy: P.N. Tandon.)

Muscular disorders

TABLE 27.5

Ocular and Systemic Features of Muscular Disorders

Inherited disorders





TABLE 27.6

Ocular and Systemic Features of Inherited Disorders

• FIG. 27.8 Sturge–Weber syndrome. (A) Choroidal haemangioma.
(B) Episcleral angioma at the limbus.



• FIG. 27.9 Plexiform neurofibromatosis of the right side of the face.



• FIG. 27.10 Lisch nodules on the iris in a patient with
neurofibromatosis type 1.  Source: (Courtesy: E. Ravindra Mohan.)



• FIG. 27.11 Retinal angioma in angiomatosis retinae.

Summary
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CHAPTER OUTLINE

Chemical Injuries, 492
Alkalis, 492
Acids, 493

Mechanical Injuries, 493
Superficial Foreign Bodies, 494

Closed-Globe, Concussion or Contusion Injury, 495
Cornea, 496
Sclera, 497
Iris and Ciliary Body, 497
Lens, 498
Vitreous, 500
Choroid, 500
Retina, 500
Optic Nerve, 501
Intraocular Pressure, 501

Open-Globe Penetrating Injuries, 501
Wounds of the Conjunctiva, 501
Wounds of the Cornea and Sclera, 501
Wounds of the Lens, 502

Open-Globe Penetrating Wounds with the Retention of
Foreign Bodies, 502

Mechanical Effects, 502



Infection, 503
Reaction of the Ocular Tissues to a Foreign Body, 503
Diagnosis, 504
Treatment, 505

Sympathetic Ophthalmitis, 506
Aetiology, 506
Pathology, 506
Clinical Features, 506
Treatment, 506

Learning objectives

• To know how to manage patients with eye injuries.
• To develop a basic understanding of the principles of first aid,
emergency treatment and further referral as indicated.

Chemical injuries
Alkalis



• FIG. 28.1 Alkali burn. Ischaemia can be seen in the inferior 180° of
the limbus and the cornea appears hazy.



TABLE 28.1

Hughes–Roper–Hall Classification of Ocular Chemical
Burns

Treatment



N

Acids

Mechanical injuries



see

• FLOWCHART 28.1 Classification of ocular trauma. *Outside-in
injury; †inside-out injury; ‡single break in eye wall; §through-and-

through injury of globe, dual breaks or double perforation.
 Source: (Adapted from Kuhn et al. Ophthalmology 1996;103:240–

243.)

Open-globe injuries
ruptures

laceration
penetrating injury

perforating injury

Closed-globe injuries

Superficial foreign bodies



Lamellar laceration

Superficial foreign bodies



• FIG. 28.2 Metallic foreign body on the cornea, with a deposition of
rust.

Treatment



Prophylactic measures

Closed-globe, concussion or contusion
injury



Mode of injuries

in all cases a guarded prognosis should be given and
the patient kept under review for months to years

Mechanism of blunt trauma eye:



• FIG. 28.3 Diagrammatic representation of the effect of a
concussion injury and the consequent deformations of the eyeball.



TABLE 28.2

Ophthalmic Effects of Contusion or Concussion Injury

Cornea

abrasion, a very superficial loss of epithelium

Recurrent erosion (recurrent traumatic keratalgia)



deep opacity



• FIG. 28.4 Vertical Descemet’s membrane tears caused by ocular
pressure of forceps during a difficult obstetric delivery.

Blood staining of the cornea

Sclera

Rupture of the globe



Treatment



Iris and ciliary body
post-traumatic iridocyclitis

traumatic
miosis

traumatic mydriasis

ruptures in the pupillary margin
radiating lacerations

Iridodialysis



• FIG. 28.5 Iridodialysis.

traumatic aniridia irideraemia

total inversion retroflexion

see

angle recession



• FIG. 28.6 Angle recession. There is a tear between the circular
and longitudinal muscles of the ciliary body to the right of the picture
resulting in a widening of the grey ciliary body band. Blood can be

seen in the canal of Schlemm.



• FIG. 28.7 Traumatic hyphaema.

treatment

Lens

Vossius ring



• FIG. 28.8 Traumatic mydriasis. A Vossius ring and inferior
subluxation of the lens seen as a deepening of the anterior chamber.

Concussion cataract

rosette-shaped
cataract

see



• FIG. 28.9 (A) Traumatic cataract following a concussional injury,
showing a posterior rosette and zonular dialysis to the left. (B)

Rosette-shaped cataract at the posterior pole following perforation of
the lens by a foreign body. A disturbance in the lens along the track

of the foreign body is seen.

late rosette-shaped cataract

see

Dislocation of the lens



subluxated

iridodonesis

dislocated



• FIG. 28.10 Anteriorly dislocated lens.



• FIG. 28.11 Posteriorly dislocated lens.

Treatment

Vitreous
anterior or

posterior detachment
pigmentary opacities

Haemorrhage

Choroid



Rupture of the choroids



• FIG. 28.12 Choroidal rupture.

Retina

Commotio retinae (berlin oedema)

intraretinal
haemorrhage



Traumatic macular degeneration

macular hole

Retinal breaks

Retinal detachment

traumatic
proliferative chorioretinopathy

Optic nerve

Intraocular pressure

hypotony traumatic
glaucoma



Ghost cell

Open-globe penetrating injuries

post-traumatic iridocyclitis
infection sympathetic ophthalmitis

Wounds of the conjunctiva

Wounds of the cornea and sclera



• FIG. 28.13 (A) Corneoscleral penetrating injury. (B) A repaired
corneoscleral wound. The first suture was placed at the limbus.

ring abscess
Pseudomonas aeruginosa



purulent iridocyclitis

Wounds of the lens

rosette-shaped cataract

treatment

primary
procedure

Gas-forming organisms
Clostridium welchii



Tetanus

Open-globe penetrating wounds with
retention of foreign bodies

penetrating injury

size velocity

Mechanical effects



• FIG. 28.14 Foreign body in the angle. (A) Small limbal granuloma
seen at 3-o’clock position. (B) On gonioscopy, a metallic foreign body
with surrounding fibrosis is seen. (C) A diagrammatic representation

of the correct approach to the removal of such a foreign body.



• FIG. 28.15 Retained intraocular foreign body. The corneal wound
of entry is seen as a leucomatous corneal opacity overlying a

sphincter tear. The iris is golden-brown in colour due to siderosis.

double perforation



Infection

Reaction of the ocular tissues to a foreign body

Nonorganic materials

Glass, plastics porcelain Stone
gold

silver platinum titanium Lead

Aluminium
zinc

nickel mercury Iron copper



Iron
siderosis steel

Copper
copper brass



chalcosis

see

sunflower cataract also



• FIG. 28.16 An intraocular copper foreign body causing a sunflower
cataract. Foreign bodies that cause chalcosis are usually composed

of less than 85% copper. Pure copper causes a suppurative
endophthalmitis.  Source: (From Jay H. Krachmer, David A. Palay,

eds. Cornea Atlas, 3rd ed. London: Saunders; 2014. pp. 243–271.)

Organic materials

Eyelashes

Caterpillar hair



ophthalmia
nodosa

Diagnosis

Radiography

computerized axial tomography (CAT)

Magnetic resonance imaging (MRI)

Ultrasonography



Treatment

Intravitreal magnets

If the foreign body lies within the lens

If a magnetic foreign body is in the vitreous or retina

The extraction of a nonmagnetic foreign body



if accurate
localization has been attained

Sympathetic ophthalmitis



Aetiology

Pathology

Clinical features







• FIG. 28.17 (A) A 40-year-old man had undergone multiple surgical
procedures on his left eye by 8 years of age for congenital cataract,
glaucoma and strabismus. When he was 39 years old, his left eye
was removed because of phthisis bulbi, and ocular inflammation

occurred with visual decline to 20/40 in the right eye. Despite 1 year
of intensive corticosteroid and cyclophosphamide (Cytoxan) systemic

therapy, coupled with three plasmaphereses, the sympathetic
ophthalmia in his right eye was not brought under control. At the time

of referral, there were many yellowish confluent and nonconfluent
choroidal infiltrates in the right eye, most pronounced, as depicted
here, nasal to the optic disc. Note also the hyperaemia of the optic

nerve head. (B) Same patient as in ‘A’, 1 month later, without a
change in therapy. There is more swelling of the optic nerve head,

enlargement of the choroidal infiltrates and extension of the process
in a circumpapillary fashion towards the temporal papillomacular

area. (C) Same patient as in ‘A’. At the equatorial region, there are
myriad small yellowish infiltrates at the level of the retinal pigment
epithelium, corresponding to Dalen–Fuchs nodules. Cyclosporine

(200 mg/day) was introduced along with prednisone, and a
remarkable improvement in the condition was achieved.

 Source: (From Daniel M. Albert, Joan W. Miller, Dimitri T. Azar,
Barbara A. Blodi, Janet E. Cohan, Tracy Perkins, eds. Albert and

Jakobiec’s Principles and Practice of Ophthalmology, 3rd ed.
Edinburgh: Saunders; 2008. pp. 1221–1230.)

Treatment



Sympathetic
ophthalmitis rarely occurs after the excision of an injured eye unless it
has already commenced at the time of operation.

if such treatment is commenced early



Summary
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Conjunctivitis, 509
Foreign Body on Ocular Surface, 510
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Acute Anterior Uveitis, 510
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Learning objectives

• To have a basic understanding of ophthalmic emergencies.
• To gain adequate knowledge of how to detect and diagnose
conditions that need immediate action and proper referral.
• To learn the minimum required intervention advisable for first
contact physician.

Introduction



Acute painful red eye

Clinical approach



Conjunctivitis

• FIG. 29.1 Conjunctivitis.

Examine the eye carefully to rule out other conditions. Send a
conjunctival swab for microbiological investigation if clinically
suspecting an unusual infection or atypical organism.



Advise the patient to practise ocular hygiene to avoid spread of
infection at home or at work to those in close contact. Infection spreads
via fomites so hand hygiene must be followed taking suitable precautions
such as usage of separate towel and pillow to avoid transmission of
infection. Cold sponging over closed eyelids can be practised to give
symptomatic relief and discharge can be wiped away by disposable tissues
or clean cotton soaked in warm clean water. Topical medications in the
form of broad-spectrum antibiotics and lubricating drops are prescribed
three to four times a day for a week.

Foreign body on ocular surface



• FIG. 29.2 Corneal foreign body. A splinter of wood embedded in
the cornea.

Corneal ulcer or infectious keratitis



• FIG. 29.3 Acute conjunctivitis

Acute anterior uveitis

pain pain

Photophobia Redness

occlusio
pupillae seclusion



• FIG. 29.4 Acute anterior uveitis showing keratic precipitates and
aqueous flare.  Source: (Courtesy: Dr Archita.)



Acute angle-closure glaucoma

oblique flashlight test



• FIG. 29.5 Active keratitis with central corneal ulceration.

Triggers



Loss of vision

Painless loss of vision

Emergency vascular syndromes

Temporal arteritis



and



• FIG. 29.6 Acute angle-closure glaucoma.

Central retinal artery occlusion (CRAO)



• FIG. 29.7 Fundus photograph of left eye of a 64-year-old woman
with non-arteritic anterior ischaemic optic neuropathy. AION showing
segmental pale disc oedema inferiorly. Note hyperaemia of the other

portions.

Central retinal venous occlusion (CRVO)



• FIG. 29.8 Central retinal artery occlusion with the appearance of a
cherry-red spot.  Source: (From Anthony Schapira. Neurology and

Clinical Neuroscience. 1st ed. Philadelphia: Elsevier; 2006.)

Painful loss of vision

Optic neuritis



Four nontraumatic eye emergencies that
require prompt ophthalmological
consultation



• FIG. 29.9 Picture of a fresh central retinal vein occlusion showing
dilated tortuous veins and extensive haemorrhages.

 Source: (Courtesy: A.H. Paul.)

Common eye emergencies and key steps in
management



TABLE 29.1

Common Eye Emergencies and Key Steps in
Management

Summary



References



SECTION IX:

OUTLINE



C H A P T E R  3 0



CHAPTER OUTLINE

Fundamentals of Human Molecular Genetics, 516
DNA, RNA and the Basic Building Blocks, 516
DNA, Chromosomes and Genes, 516
Gene Expression and Protein Synthesis, 517
Cell Division, Replication and the Cell Cycle, 517
Genetic Disorders, Mutations and DNA-Based
Diagnosis, 517

Transmission of Genetic Disorders, 521
Monogenic or Mendelian Inheritance, 522
Multifactorial or Polygenic Inheritance, 525
Chromosomal Inheritance, 525
Cytoplasmic or Mitochondrial Inheritance, 526

Treatment and Prevention of Genetic Diseases, 526
Concept of Gene Therapy, 526
Genetic Screening, 527
Genetic Counselling, 527
Prenatal Diagnosis, 528

Learning objectives



• To learn the genetic basic of inherited/heritable eye disorders.
• To know the various ocular diseases and their genetic
components.

Fundamentals of human molecular genetics

DNA, RNA and the basic building blocks

adenine guanine
thymine cytosine

DNA, chromosomes and genes
Chromosomes



human genome

Genes

Gene expression and protein synthesis

transcription
translation see

promoter sequence

transcription
transcript

messenger



translation

codons

Cell division, replication and the cell cycle

mitosis

meiosis



Genetic disorders, mutations and DNA-based diagnosis
Mutations





• FIG. 30.1 (A) Illustration of the most frequent types of single-
nucleotide mutations and their functional consequences. (B)

Simplified overview of gene structure and expression. A protein-
coding gene is defined by the extent of the primary transcript. The

promoter and any other regulatory elements are usually outside the
gene. The gene itself is divided into different types of sequences. The
coding region (red) is the information used to define the sequence of

amino acids in the protein. The untranslated regions (white) are
found in the mRNA but are not used to define the protein sequence;

they are often regulatory in nature. Finally, introns (black lines in
between) are found in the primary transcript but spliced out of the
mRNA. They may interrupt the coding and untranslated regions. A
precursor RNA (primary transcript) is constructed from the gene

sequence and then processed with removal of the introns by splicing.
Spliced RNAs contain only exonic sequences from which the protein

is synthesized. (C) Conceivable consequences of epigenetic
disturbances on the expression of maternally or paternally imprinted

genes. UPD, uniparental disomy—inheritance of both copies of a
chromosome from one parent instead of one pair from each parent.
(D) Genes arranged along a chromosome. Although a chromosome

is a complex three-dimensional structure, the genes on a
chromosome are in linear order and can be represented by segments

of a bar, as shown here. Genes are often given alphabetical
designations in genetic diagrams. (Source (A–C) From Denis F.

Geary, Franz Schaefer, eds. Comprehensive Pediatric Nephrology,
1st ed. Philadelphia, PA: Mosby, Inc; 2008. pp. 79–89. (D) From



David P. Clark, Nanette J. Pazdernik. Molecular Biology, 2nd ed.
Boston/Waltham, MA: Elsevier Inc.; 2013. pp. 37–61.)

point mutations

missense mutations



TABLE 30.1

Detection of Gene Mutations



TABLE 30.2

Some Important Known Gene Mutations for Ophthalmic
Disorders

codon R838



aIn individuals of Puerto Rican decent—test screens for a 16-bp duplication in HPS1 and a
3.9-kb deletion in HPS3. Ashkenazi Jewish individuals will be tested for IVS5 splice site
mutations in HPS3 only. HPS samples from individuals outside of these categories will not
be tested at this time.
bNot all genes sequenced in full and not all are available outside of panel. (Courtesy of
National Eye Institute www.nei.nih.gov/eyegene/genes_eyegene.asp)
cLimited to 50 tests per year; participants’ samples will be tested in the order they are
received (please contact the eye GENE® Coordinating Center for more details).

http://www.nei.nih.gov/eyegene/genes_eyegene.asp


• FIG. 30.2 Characteristic corneal changes in various types of
corneal stromal dystrophy.  Source: (From Daniel M. Albert, Joan W.

Miller, Dimitri T. Azar, Barbara A. Blodi, Janet E. Cohan, Tracy
Perkins, eds. Albert & Jakobiec’s Principles & Practice of

Ophthalmology, 3rd ed. Edinburgh: Saunders; 2008. pp. 497–551.)

TABLE 30.3

Corneal Stromal Dystrophies

Transmission of genetic disorders



TABLE 30.4

Different Patterns of Inheritance

see



• FIG. 30.3 Autosomal dominant inheritance. Pedigree of a family
with Marfan syndrome. Affected members who could not be

examined were known to be excessively tall and some were known
to have dislocated lenses and retinal detachment.



Symbols in pedigree charts vary slightly among different genetic
counselling services. Each generation is denoted by Roman

numerals. The female is shown on the right of the male in mating
pairs. Offspring are depicted from left to right in descending order of
age and denoted by Arabic numerals. For example, in Fig. 30.7, III2

is the index case.



TABLE 30.5

Some Hereditary Ophthalmic Diseases



AD, autosomal dominant; AR, autosomal recessive; XD, X-linked dominant; XR, X-linked
recessive.
aHeterogenous disorders with more than one pattern of inheritance.

Monogenic or mendelian inheritance

principle of segregation

law of independent assortment

dominant
recessive

homozygous heterozygous



Autosomal dominant traits



Autosomal recessive traits

• FIG. 30.4 Autosomal recessive inheritance. Pedigree charts of two
families with bilateral simple ectopia lentis. Question marks indicate

that the carrier state has been assumed according to the history.



X-linked recessive trait

• FIG. 30.5 X-linked recessive inheritance. Pedigree chart of a family
with severe retinitis pigmentosa.

X-linked dominant trait



• FIG. 30.6 X-linked dominant inheritance.

Multifactorial or polygenic inheritance

Chromosomal inheritance



cri du chat

Cytoplasmic or mitochondrial inheritance



• FIG. 30.7 Mitochondrial inheritance.

Treatment and prevention of genetic
diseases



Concept of gene therapy

recombinant DNA



antisense therapy

gain-of-function mutations

somatic cell therapy

Germ cell therapy



Genetic screening



Genetic counselling



Prenatal diagnosis



TABLE 30.6

Indications and Methods of Prenatal Diagnosis



Summary
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What Is Blindness?, 530
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Aetiology of Blindness: A Global Perspective, 532
What Can We Do to Control Blindness?, 532
Health Care Delivery Systems, 533

The Development of Eye Health Services, National
Programmes for the Prevention of Blindness and International
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Learning objectives

• To know about the national program for control of blindness
and its implementation at various levels.
• To learn the magnitude of blindness in the world and in India.
• To revise the definition of blindness and visual impairment and
the main causes.
• To be aware of eye care education for prevention of eye
problems.
• To understand the role of primary health centre in organization
of eye camps.
• To be clear about organization of primary health care and
functioning of the ophthalmic assistant.
• To ascertain the integration of the National Programme for
Control of Blindness and Visual Impairment with other national
health programmes.

define



magnitude
aetiology

control

What is blindness?

TABLE 31.1

Classification of Visual Impairment and Blindness

aAdapted from International Statistical Classification of Diseases and Related Health
Problems, 10th revision. Geneva: World Health Organization; 1992.



• FIG. 31.1 Diagrammatic representation of the classification of
visual impairment and blindness.

WHO definition of blindness:



Causes of blindness

Aetiology of blindness: A global perspective



TABLE 31.2

Global Data on Aetiology of Blindness

TABLE 31.3

Major Causes of Blindness and their Geographic
Distribution

What can we do to control blindness?



Primary prevention

Secondary prevention

Tertiary prevention

Primary care services
Secondary care services

Tertiary care services

community approach



Health care delivery systems

Primary eye care services



The development of eye health services,
national programmes for the prevention of
blindness and international cooperation



• FLOWCHART 31.1 Model for an effective eye care delivery
system.

Primary eye care



Secondary eye care

Tertiary eye care



Mobile eye services



VISION 2020





• FIG. 31.2 (A) VISION 2020 is the global initiative for the elimination
of avoidable blindness. (B) VISION 2020 service delivery pyramid.
(Source (A) From George L. Spaeth, Helen V. Danesh-Meyer, Ivan
Goldberg, Anselm Kampik, eds. Ophthalmic Surgery: Principles and

Practice, 4th ed. London: Saunders; 2012. pp. 16–18.)





• FIG. 31.3 Three dimensions to consider when moving towards
universal coverage.

Specific blinding disorders and the approach
to prevention of blindness

Cataract

Global view



Interventions for prevention and treatment

Glaucoma

Global view



Interventions for prevention and treatment



Diabetic retinopathy

Global view

Interventions for prevention and treatment



Childhood blindness



Global view

TABLE 31.4

Regional Distribution of Blindness in Children

Aetiology



TABLE 31.5

Causes of Impaired Vision in Childhood

Whole globe:
Cornea:
Lens:
Uvea:
Retina:
Glaucoma:

Other:

Hereditary:
Intrauterine:
Perinatal:
Childhood:
Unclassified:

Source: Childhood blindness. In: Strategies for the Prevention of Blindness in National
Programmes, 2nd ed. Geneva: WHO; 1997. pp. 94–101.

Prevention and treatment



TABLE 31.6

Avoidable Causes of Childhood Blindness Based on
Blind School Surveys

Action to be taken at the primary care level

see

Action to be taken at the secondary level

Action to be taken at the tertiary level

Screening for eye diseases in children



TABLE 31.7

Recommendations for Screening of Children for Eye
Diseases

Nutritional blindness (Vitamin A deficiency)

Global view

Aetiopathogenesis



Epidemiology

Treatment and control



Trachoma

Global picture

Aetiopathogenesis

Chlamydia trachomatis

Epidemiology



Chlamydia



Community diagnosis

Methods of intervention

Chlamydia



TABLE 31.8

Treatment and Control of Trachoma

Onchocerciasis

Global picture

Aetiopathogenesis
Onchocerca volvulus

Simulium



• FLOWCHART 31.2 Life cycle of Onchocerca volvulus.



Epidemiology

Simulium
Simulium ochraceum

Simulium metallicum

the strain of Onchocerca

Diagnosis



Treatment and control

TABLE 31.9

Dosage Chart for Community Control of Onchocerciasisa

aThe drug is not administered in:
• Children younger than 5 years
• Those weighing less than 15 kg
• Pregnant women
• Lactating women with children younger than 1 week
• Severely ill people or those with central nervous system disease



Summary



Suggested reading
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CHAPTER OUTLINE

Introduction, 546
Basic Principles, 546
Preliminary Examination at 1 m, 546
Distant Direct Ophthalmoscopy, 547
Direct Ophthalmoscopy, 547
Indirect Ophthalmoscopy, 548
Retinoscopy or Skiascopy, 548

Learning objectives

• To understand what are dark room procedures and when to
use them.
• To learn the method and interpretation of findings obtained by
these techniques.

Introduction



Basic principles

Preliminary examination at 1 m



TABLE 32.1

Interpretation of Distant Direct Examination Findings

Distant direct ophthalmoscopy



• FIG. 32.1 Distant direct ophthalmoscopy.

Direct ophthalmoscopy



• FIG. 32.2 Direct ophthalmoscopy.

Indirect ophthalmoscopy



• FIG. 32.3 Indirect ophthalmoscopy.

Retinoscopy or skiascopy



TABLE 32.2

Interpretation of Retinoscopy Findings

Summary
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Introduction, 549
General Microsurgical Instruments Used for Ophthalmic
Surgery, 550

Lid Speculums, 550
Forceps, 550
Needle Holders, 551
Needles and Sutures, 551
Cautery, 552
Cutting Instruments: Blades and Scissors, 552

Instruments Used for Specific Types of Surgery, 554
Instruments for Cataract Surgery, 554
Instruments Used for Extracapsular Cataract Extraction,
554
Instruments Used for Capsulotomy, 554
Instruments Used for Nucleus Delivery or Nucleotomy,
556
Instruments Used for Aspiration of Lens Cortex, 556
Instruments Used for Intraocular Lens Insertion, 556
Equipment Used for Phacoemulsification, 557



Instruments Used for Keratoplasty and Corneal
Surgery, 560
Lids and Lacrimal Sac Surgery, 561
Squint Surgery, 562
Instruments for Enucleation, 562
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Learning objectives

• To learn about the various surgical instruments used in
ophthalmology.
• To develop a basic understanding of the different categories of
instruments and their use in various ophthalmic surgical
procedures.

Introduction



General microsurgical instruments used for
ophthalmic surgery

Lid speculums (figs 33.1 and 33.2)



• FIG. 33.1 Barraquer wire speculum with solid blades.

• FIG. 33.2 Barraquer wire speculum.

Forceps (figs 33.3–33.12)



• FIG. 33.3 Various types of forceps tips.

• FIG. 33.4 Fixation forceps are toothed and are used for grasping
the conjunctiva and episcleral tissues, fixing the globe to facilitate

surgical manoeuvres.



• FIG. 33.5 General-purpose utility forceps are serrated and used for
gently holding conjunctiva, muscle, lid tissues, etc.

• FIG. 33.6 Colibri forceps have fine teeth with a tying platform and
are useful for corneoscleral suturing.

• FIG. 33.7 Pierse-type microforceps have a straight shaft with fine
curved teeth. The curve just proximal to the tip helps in firmly

grasping delicate tissues like the cornea without crushing. It is useful
for corneoscleral suturing.



• FIG. 33.8 Iris forceps may be straight or curved.

• FIG. 33.9 Lim’s corneoscleral forceps have a tying platform. They
are useful for holding the cornea and sclera during dissection and

suturing.

• FIG. 33.10 St. Martin forceps are fine, toothed forceps useful for
holding delicate tissues like the cornea without crushing.



• FIG. 33.11 McPherson forceps are nontoothed forceps with
smooth jaws with an angled 5-mm-long platform, ideal for tying 8-0 to

11-0 sutures. They are also useful for holding the lens capsule and
handling the intraocular lens during implantation.

• FIG. 33.12 Jewelers forceps are fine, nontoothed forceps with
pointed tips that are useful for tying and removing sutures.

Needle holders (figs 33.13–33.15)



• FIG. 33.13 Arruga needle holder: used for lid surgery, passing
bridle sutures under rectus muscles, etc.

• FIG. 33.14 Barraquer needle holder is used when suturing
conjunctiva, extraocular muscles, sclera, etc.

• FIG. 33.15 Castroviejo needle holder is used for suturing
corneoscleral wounds.



Needles and sutures (fig. 33.16)



• FIG. 33.16 Basic specifications that are important to characterize
the different needles used with ophthalmic sutures.

Cautery (figs 33.17 and 33.18)



• FIG. 33.17 Probe used for electrocautery along with connecting
wire.

• FIG. 33.18 Heat cautery: the copper ball when heated stores and
transmits the heat to the tip which is used to achieve haemostasis by

thermal coagulation.

Cutting instruments: Blades and scissors

Blades (figs 33.19–33.23)



• FIG. 33.19 Barraquer blade breaker and holder, flat handle with
spring lock.

• FIG. 33.20 Chuck handle for holding microblades.



• FIG. 33.21 Different designs of disposable surgical blades.
Precalibrated keratomes (lances) are available in different sizes with
sharp cutting surfaces on both sides and sharp (lances) or rounded

(crescent) cutting tips.

• FIG. 33.22 Disposable stainless steel surgical blades are also
available with only one cutting surface, available in various angles on

a plastic handle.



• FIG. 33.23 Stiletto or microvitreoretinal (MVR) blade.

Scissors (figs 33.24–33.26)

• FIG. 33.24 Castroviejo corneoscleral scissors with right and left
cutting blades are useful for dissecting the host button in

keratoplasty.



• FIG. 33.25 De Wecker iris scissors are unique in having the blades
at right angles to the shaft and have a special quick-cutting spring

action.

• FIG. 33.26 Vannas scissors are fine, multipurpose scissors which
are useful for cutting the iris, lens capsule, fine sutures, lamellar

corneal tissue, harvesting limbal stem cells, etc.

Miscellaneous
Cannulas



• FIG. 33.27 Rycroft air injection cannulas are angled at 45° and are
available in different diameters. They are also useful for irrigating the

anterior chamber with balanced salt solution, injecting intraocular
preservative-free medications like pilocarpine, adrenaline, lignocaine

and antibiotics.

Anterior chamber maintainers

• FIG. 33.28 Lewicky anterior chamber maintainer is a 20-gauge,
3.50-mm, self-retaining cannula with 200-mm-long silicone tubing

and an adaptor.

Iris repositors



• FIG. 33.29 Iris repositor: smooth spatulated instrument with a
rounded tip, useful for repositing iris.

Instruments used for specific types of
surgery

Instruments for cataract surgery

Instruments used for extracapsular cataract extraction
(figs 33.30 and 33.31)



• FIG. 33.30 Extracapsular cataract extraction (ECCE) set.



• FIG. 33.31 Microsurgery IOL set.

Instruments used for capsulotomy (figs 33.32–33.35)



• FIG. 33.32 McIntyre cystotome, 45°-angled sharp tip.

• FIG. 33.33 Irrigating cystotome made by bending 26-gauge
disposable needle.

• FIG. 33.34 Vitreous scissors (20 G, straight).



• FIG. 33.35 Utrata capsulorhexis forceps have very delicate
grasping tips and extremely thin, long, straight shanks. They are

useful for holding the lens capsule after a flap has been raised with a
cystotome or bent 26-gauge needle to perform a continuous

curvilinear capsulotomy.

Instruments used for nucleus delivery or nucleotomy

Nucleus delivery



• FIG. 33.36 McIntyre irrigating vectis: oval ring-shaped cannula with
irrigating ports that allows fluid into the anterior chamber and behind

the nucleus to help express the lens nucleus.

Instruments used for aspiration of lens cortex (figs
33.37–33.39)

Irrigation–aspiration cannulas



• FIG. 33.37 Simcoe irrigation–aspiration cannula (original model).

• FIG. 33.38 Reverse Simcoe irrigation–aspiration cannula.



• FIG. 33.39 Bimanual irrigation–aspiration cannula: a pair of
cannulas which are used with the phacoemulsification machine for

automated irrigation and aspiration of cortical matter.

Instruments used for intraocular lens insertion (figs
33.40–33.47)

• FIG. 33.40 Anis lens holding forceps have extra delicate, long,
smooth jaws and a 45° angulation.



• FIG. 33.41 Clayman lens holding forceps are delicate with curved
shanks.

• FIG. 33.42 Lens folding forceps for foldable intraocular lenses:
direct action or cross-action forceps evenly fold acrylic and silicone

lenses.

• FIG. 33.43 Universal lens folding forceps: ideal for silicone and
acrylic foldable IOLs. Box model jaws facilitate the folding of the lens

precisely for transfer to the inserter.



• FIG. 33.44 Lens inserting forceps for foldable lens can be direct or
cross-action.

• FIG. 33.45 Hessburg lens pusher has a blunt, forked tip useful for
manipulating IOL haptics of both anterior chamber and posterior

chamber lenses.

• FIG. 33.46 Kuglen iris hook and lens manipulator has a blunt tip
with a bulbous attachment just proximal to the tip. This is useful for

dialling the IOL, manipulating the IOL haptic for insertion in the
capsular bag, pushing back the iris gently, etc.



• FIG. 33.47 Lester lens pusher has an hourglass-shaped tip for IOL
manipulation.

Equipment used for phacoemulsification (figs 33.48–
33.50)



• FIG. 33.48 Phacoemulsification set.

• FIG. 33.49 Phaco chopper: 1.5 mm inner cutting edge and 0.25
mm blunt polished tip.



• FIG. 33.50 Nagahara karate chopper: spear shaped for ease of
insertion into the nucleus.

Probes (fig. 33.51)



• FIG. 33.51 Needle tips used with the phacoemulsification probe
showing different angulation of the bevelled opening at the tip. Tips
with lesser degree of angulation such as 0° at extreme left are easy
to occlude and have better holding power, whereas tips with greater
angulation such as 45° on the extreme right have better sculpting

ability.



Peristaltic system:

Diaphragmatic pump:



Venturi system:

Combined systems:

• FIG. 33.52 Footswitch.



• FIG. 33.53 The mechanism of vacuum creation and effective
aspiration performed by a peristaltic pump.

• FIG. 33.54 A diaphragmatic pump has a moveable diaphragm
which moves back and forth and creates a vacuum effect to facilitate

aspiration through the phaco tip.



• FIG. 33.55 A Venturi-based pump has a pneumatic mechanism for
building up pressure and creating a vacuum for aspiration of the lens

nucleus and cortical matter.



Instruments used for keratoplasty and corneal surgery
(figs 33.56–33.65)



• FIG. 33.56 Flieringa ring. Used for scleral support to prevent globe
collapse in eyes with low scleral rigidity such as young children, high

myopes and aphakes.

Corneal trephines (figs 33.57 and 33.58)

• FIG. 33.57 Castroviejo corneal trephine with adjustable stop.

• FIG. 33.58 Corneal trephine see through.

Howard punch (fig. 33.59)



• FIG. 33.59 Howard punch.



• FIG. 33.60 Hessburg Barron vacuum trephines.

Lids and lacrimal sac surgery (figs 33.61–33.72)

• FIG. 33.61 Tooke corneal knife: straight blade with curved cutting
edge. Useful for lamellar dissection of the cornea.

• FIG. 33.62 Paton corneal dissector.



• FIG. 33.63 Gill corneal knife: curved cutting edge. Useful for
lamellar dissection of the cornea in lamellar keratoplasty, dermoid

excision, etc.

• FIG. 33.64 Tudor Thomas stand: used for fixing the globe to
trephine the donor cornea for transplantation. Using this technique,

the cornea is trephined from the epithelial side.



• FIG. 33.65 Lieberman Teflon block for corneal cutting: used for
supporting the excited donor corneoscleral button. Donor graft of the
desired diameter is then trephined from the endothelial side before

transplantation.

• FIG. 33.66 Chalazion clamp: this is used for holding the lid during
incision and curettage of a chalazion and achieving haemostasis

during surgery. Excessive tightening can lead to pressure necrosis.
The solid blade is placed externally on the skin and the ring-shaped
blade on the inner conjunctival surface. After aligning the position to
enclose the chalazion in the ring, the clamp is tightened and fixed.



• FIG. 33.67 Chalazion curette: round cup-shaped tip. Edge of the
cupped tip is slightly sharp. Used to scoop out the contents of the

chalazion and curette the base after making a vertical incision
opening up the wall of the chalazion from its palpebral surface.



• FIG. 33.68 Snellen entropion clamp. First one for left upper lid or
right lower lid. Second one for right upper lid or left lower lid. The

convex side is aligned towards the fornix and the handle is oriented
on the temporal side. The solid blade is inserted on the conjunctival
surface and the wire-shaped blade on the skin surface. After firmly

clamping the lid, the screw can be fastened so that the clamp is self-
retaining.

• FIG. 33.69 Lacrimal sac dissector, blunt.



• FIG. 33.70 Kerrison bone nibbling rongeur: useful for making the
osteotomy during DCR surgery.

• FIG. 33.71 Rollet Rugine for lacrimal sac.

• FIG. 33.72 Lang’s lacrimal sac dissector, sharp.

Squint surgery (figs 33.73–33.77)



• FIG. 33.73 Squint surgery set.

• FIG. 33.74 Prince advancement forceps.



• FIG. 33.75 Green muscle hook: useful for hooking and holding the
muscle. The tip is placed underneath the belly of the muscle and

drawn up to the insertion. Also useful when isolating the extraocular
muscles during retinal detachment surgery.

• FIG. 33.76 Jameson muscle forceps with side lock.

• FIG. 33.77 Chavasse’s muscle hook.

Instruments for enucleation (figs 33.78–33.80)



• FIG. 33.78 Enucleation scissors, ring handle.

• FIG. 33.79 Wells enucleation spoon.



• FIG. 33.80 Enucleation set.

Instruments for evisceration (fig. 33.81)

• FIG. 33.81 Mule evisceration scoop.

Sterilization and maintenance



TABLE 33.1

Various Methods Used for Sterilizing Instruments

Summary







Local anaesthesia in ophthalmology

Topical anaesthesia

Regional anaesthesia

Nerve blocks

Peribulbar block:





• FIG. 1 Red crosses (P1, P2, P2’) indicate the sites of injection for
peribulbar block. The yellow cross (Fa) indicates the site of insertion
of the needle for facial block by the van Lint technique. Yellow arrows
indicate the direction of injection. The green cross (Fr) indicates the

site of insertion of the needle for a frontal block. R is the site of
retrobulbar block.



• FIG. 2 Sagittal section of the orbit showing the sites of insertion of
the needles for retrobulbar (blue, R), peribulbar (red, P1) and frontal

(green, Fr) blocks.

Retrobulbar block:

Parabulbar or sub-Tenon block:



Intracameral anaesthesia:

Facial block:

Frontal block:



Developmental abnormalities

• FIG. 1  A 7-year-old girl with a swelling near the left medial
canthus. Axial CT image shows the swelling to be of homogenously
fatty attenuation, pathognomonic of an uncomplicated inner angular
dermoid. Note that it is located adjacent to fronto-ethmoidal suture.



• FIG. 2  A 13-year-old female with progressive worsening of left
proptosis for few years. (A) Plain frontal radiograph of the orbit shows

dysplastic left sphenoid bone seen as a ‘bare orbit’. The greater
(black arrows) and lesser (white arrows) wings of sphenoid bone are

seen to be intact on the right. (B) Axial contrast CT shows the
sphenoid dysplasia to better advantage, with anteriorly located

ipsilateral temporal lobe and prominent arachnoid cyst (asterisk).
Note the abnormal sheet like soft tissue at the left anterior temporal
region representing plexiform neurofibroma and enlarged left globe.

Features are pathognomonic of Neurofibromatosis Type 1.

Traumatic

• FIG. 3  A 41-year-old male with alleged history of left facial trauma
following an assault presented with bruised left eye. Non contrast CT
axial (A) and coronal (B) shows a ‘blow out’ fracture of the left orbit
involving medial wall and floor. Note the marked swelling of left pre

septal and peri orbital soft tissues.



Foreign body

• FIG. 4  A 28-year-old male sustained an injury to the left eye due to
a foreign body while working with hammer and chisel. Plain

radiographs of orbit AP (A) and lateral (B) show a tiny foreign body
(arrow head) projected over the left bony orbit. The non contrast axial

CT © clearly localises it to be within the orbit behind the globe and
closely abutting the optic nerve.

Vascular



• FIG. 5  A 2-months-old infant with diffuse right peri orbital swelling
and bluish discoloration of the overlying skin. Axial T2W MRI shows
an ill circumscribed heterogenous swelling, involving both intra- and

extra-orbital soft tissues on the right. Post contrast T1W MRI (not
shown) showed the abnormality to be intensely enhancing along with
areas of flow void. The features are suggestive of infantile capillary

haemangioma.



• FIG. 6  A 48-year-old female presented with painless left proptosis
of several years duration. Axial T2W (A) and T1W post contrast (B)

MRI show an ovoid 23x18mm left intra-orbital mass which is
hyperintense on T2W and uniformly enhancing on delayed T1W post

contrast images. It was isointense to the adjacent extra ocular
muscles on T1W images (not shown). It is well circumscribed, intra
conal in location and clearly separate from the optic nerve which is

displaced medially.



• FIG. 7  A 24-year-female with acute worsening of long standing
right proptosis. Axial T1W (A) and T2W (B) MRI of the right orbit

shows a trans compartmental heterogenous intra orbital mass with
proptosis. Note that the lesion is ill defined with few macroscopic

haemorrhagic cysts showing fluid-fluid level. The lesion is extending
into the pre septal region on the nasal aspect. The lesion did not

show significant enhancement. The features are typical of
lymhangioma (veno-lymphatic malformation).



• FIG. 8  A 29-year-old female presented with blurring of vision for
past few months. (A) Axial T1W post contrast MRI shows intensely
enhancing, slightly elevated, lenticular lesion involving left ocular

coats, temporal to the optic disc. (B) Axial T2W MRI shows the lesion
to be hyperintense. The features are consistent with choroidal

haemangioma.



• FIG. 9  A 17-year-old male sustained multiple skull fractures
following a road traffic accident. He developed left pulsatile proptosis,
marked ocular congestion and had normal vision. (A) Axial contrast

CT shows markedly dilated left cavernous sinus and superior
ophthalmic vein, consistent with carotico-cavernous fistula. Note that

the right cavernous sinus and superior ophthalmic vein also show
mild dilatation, due to inter cavernous cross communications. (B)
Lateral view of the selective left carotid angiography shows early

filling of left cavernous sinus (asterisk) draining via dilated superior
ophthalmic vein (arrow) anteriorly and inferior petrosal sinus (black
arrow head) posteriorly. The latter is seen further draining into the

internal jugular vein (white arrow head).

Neoplastic



• FIG. 10  A 2-months-old infant with white reflex in the left eye
noted by parents for last two weeks. Axial T2W (A) and T1W post

contrast (B) MRI shows left intraocular mass which is hypointense on
T2W and enhancing brightly on T1W images. It is reaching the ciliary

body region anteriorly and optic disc posteriorly. The optic nerve is
not involved. The features are classical of retinoblastoma. The child
underwent successful enucleation. The cut end of optic nerve was

negative for tumour.



• FIG. 11  A 4-year-old child was diagnosed as having intraocular
retinoblastoma of the left eye 11 months ago. Upfront enucleation
was advised at that time but she was lost to follow up. Axial T1W
post contrast MRI shows marked disease progression. There is

spread of tumour into the orbit, and optic nerve is involved up to the
chaism. The child has since been put on chemotherapy with guarded

prognosis.



• FIG. 12  A 43-year-old female presented with painless left axial
proptosis for past six years with gradual diminution of vision. Axial

T1W MRI of the left orbit shows a rounded, well circumscribed, intra-
conal mass measuring 22x21mm. It is isointense to extra ocular
muscles. Note that the optic nerve is seen coursing through the

mass. The features are consistent of optic sheath meningioma. The
mass was relatively hypointense on T2W, and uniformly enhancing

on T1W post contrast MRI (not shown).



• FIG. 13  A 13-year-old boy presented with left axial proptosis and
bilateral diminution of vision for past few years. Axial contrast CT

shows bulky bilateral (L>R) optic nerves with involvement up to the
chiasma (not shown). There is expansion of left bony orbit and

proptosis. Features represent bilateral optic nerve (pathway) gliomas.
The child also had cutaneous and skeletal stigmata of the

Neurofibromatosis Type 1.



• FIG. 14  A 25-year-old female with painless left abaxial proptosis
for last two years. The eye was not inflamed. CT images, axial (A)

and coronal (B), show a homogenous density intra orbital mass
lesion at the upper outer aspect. It was causing infero-medial
displacement of the globe (not shown). Note that it is causing

remodeling of the bony lacrimal fossa. Following excision, it was
found to be a benign mixed tumour (pleomorphic adenoma) of the

lacrimal gland.



• FIG. 15  A 72-year-old male with diminution of vision of the left eye
for several months. (A) Axial T1W fat suppressed MRI shows brightly

hyperintense polypoidal, 10x12mm, left intraocular mass. On Axial
T2W MRI (B) it is seen to be markedly hypointense. The lens and

ciliary body were also involved. The appearances are consistent with
choroid melanoma.

• FIG. 16  A 45-year-old male with bitemporal loss of visual fields
and headache for past five years. (A) Plain skull radiograph (lateral
view) shows expansion of the bony sella. Midline sagittal (B) and

coronal (C) contrast MRI of the sella shows homogenously
enhancing intra sellar mass with supra sellar extension. The features
represent a pituitary macroadenoma. It was causing a compression

on the optic chiasm.



Parasitic

• FIG. 17  A 14-year-boy with gradual diminution of vision of the left
eye for one month. (A) Axial CT shows a tiny left intraocular bright

focus within a vague density. (B) Left ocular ultrasound clearly shows
this as an eccentric nodule within the cyst and retinal detachment.
(C) Axial contrast CT of the brain shows extensive parenchymal

involvement. The features are diagnostic of disseminated
cysticercosis with left ocular and brain involevment.



• FIG. 18  A 12-year-girl with three months history of painful left
proptosis and normal vision. Axial (A) and oblique sagittal (B) CT
images show markedly bulky left SR-LPS muscle complex with

rounded low density lesion (arrow) with an eccentric nodule (B, black
arrow head) suggestive of a scolex. There is left sided proptosis.

Features are suggestive of myocysticercus. There was no intraocular
or intracranial involvement. Following appropriate treatment the there

was complete recovery.

Inflammatory



• FIG. 19  A 55-year-old male with left abaxial painful proptosis,
redness and ocular dysmotility of 3 weeks duration. Axial T1W MRI

showing enlarged left lateral rectus muscle including tendinous
insertions. The features are consistent with inflammatory

pseudotumour.

Miscellaneous



• FIG. 20  A 36-year-old female with 18 months history of painless
left abaxial proptosis. Axial (A) and coronal (B) CT images show an
expansile fluid density lesion arising from the left frontal and anterior
ethmoidal air cells consistent with mucocele. It is causing pressure

erosion of the superior and inferior walls of the sinus resulting in
intraorbital and intracranial (extradural) extension. Note the infero-

lateral displacement of the globe.

• FIG. 21  A 45-year-old female with known history of poorly
controlled thyrotoxicosis. T1W MRI, axial (A) and coronal (B) show

bilateral symmetrically enlarged extra ocular muscle bellies with
characteristic tendinous sparing. Note that the lateral recti are

relatively unaffected. The features are consistent with thyroid eye
disease.



• FIG. 22  A 21-year-old female with sudden loss of vision in the left
eye. (A) Axial FLAIR MRI shows brightly hyperintense left optic nerve
consistent with optic neuritis. (B) Axial FLAIR MRI of the brain shows
multiple plaques in the peri-ventricular and deep white matter, typical

of demyelinating disease (multiple sclerosis). Note the subtle
perpendicular orientation of the plaques adjacent to the body of
lateral ventricles. (C) Mid line sagittal FLAIR MRI shows linear
hyperintense plaques (white arrows) along the calloso-septal

interface with further plaques at the body of corpus callosum (black
arrow) and brain stem (arrow heads). (D) Sagittal T2W MRI of

cervical spine shows subtle short segment hyperintense plaques.
These appearances are classic of florid multiple sclerosis.



• FIG. 23  A 21-year-old male developed watering from the right eye
following a facial trauma due to vehicular accident. CT

dacryocystography, (A) coronal and (B) axial showed obstruction to
the passage of iodinated contrast at the lacrimal sac-duct junction
(arrow). Among other fractures, note a fracture at upper lacrimal
canal level (arrow head), presumed to be a cause of obstruction.
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Age-related cataract (earlier known as senile
cataract)

History and presenting features

Note: Traumatic cataract can occur at any age; congenital
cataract is present since birth; developmental cataract
usually occurs in first few years of life.



Examination





• FIG. 1 (A) Picture of an eye with advanced immature age-related
cataract. The yellowish discolouration of lens nucleus with loss of
transparency of cortex and nucleus is clearly visible with slit lamp



biomicroscopy. (B) Picture of an operated eye with pseudophakia.
Posterior chamber IOL is visible behind the pupil.

Investigations

Differential diagnosis



Treatment

Consent



Complications

Problems during surgery:



Early postoperative complications:

Late postoperative complications:

Chalazion



• FIG. 2 A 17–year-old noticed these bumps on his upper eyelids for
the past 6 months. The lesions are painless and nontender. Typical

appearance of chalazion. Associated underlying refractive error
should be looked for and glasses prescribed as necessary. Treatment

consists of hot fomentation, oral antibiotics such as azithromycin or
doxycycline, with topical antibiotics such as azithromycin or

ciprofloxacin and, if not responsive, can proceed for intralesional
triamcinolone injection or surgical incision and curettage.

History and presenting features

hordeolum internum



Examination

Investigations



Differential diagnosis
hordeolum internum

Treatment

hordeolum internum



Consent

Complications



Corneal ulcer



• FIG. 3 A corneal ulcer is a breach in the epithelium with ‘infiltration’
in the underlying stroma. (A) A clearly visible epithelial defect and
stromal infiltrate. The circumcorneal (or ciliary) congestion is very
evident in the photograph. (B) A central corneal ulcer with stromal
infiltrate has progressed with presence of hypopyon in the anterior

chamber.

History and presenting features





Examination



Investigations

Escherichia coli

Differential diagnosis

Treatment



Consent

Complications

Primary angle closure glaucoma (PACG)

History and presenting features



Examination







• FIG. 4 (A and B) Pupillary ruff atrophy and loss of iris pattern in
primary angle closure. Van Herick test.

• FIG. 5 (A) Occludable narrow angle on gonioscopy. (B) Peripheral
anterior synechiae of manipulative gonioscopy.



Investigations

Differential diagnosis

Management



Nonproliferative diabetic retinopathy (NDPR)

History and presenting features



Examination





Investigations



• FIG. 6 (A and B) Background diabetic retinopathy with CSME -
photograph and OCT.

Differential diagnosis



Management
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