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I am pleased to write the foreword to Principles and Practice of Glaucoma, one
    of the eleven books in the series Modern System of Ophthalmology by Sr. Prof.
AK Khurana (Editor-in-Chief). With ophthalmology becoming an increasingly
complex subspecialty, focussed textbooks are a necessity. Therefore, a textbook
that encompasses comprehensive knowledge and recent advances on Glaucoma
will be an excellent resource for trainees/residents and general ophthalmologists;
and will also serve as a handbook for glaucoma fellows. The book has been aptly
organized into well-planned and comprehensive sections; Section I. Glaucoma: Introduction,
Basics and Epidemiology; Section II. Glaucoma Diagnostic: Clinical Evaluation and Investigations;
Section III. Glaucoma: The Clinical Entities and Section IV. Glaucoma Management. Leading
glaucoma experts including Professor Tanuj Dada from Dr RP Centre of Ophthalmic Sciences,
AIIMS, New Delhi, and Dr Sushmita Kaushik, Associate Professor from advanced Eye Centre
PGIMER, Chandigarh have contributed as Honorary Editors; with Dr Parul Ichhpujani, Asst
Professor from GMCH, Chandigarh, Dr Aruj K Khurana from Department of Ophthalmology
HIMS, Jolly Grant, Dehradun and Dr Bhawna Khurana from Department of Ophthalmoloy,
AIIMS, Rishikesh, as Associate Editors. They all are dedicated teachers, outstanding academicians
and faculty of international repute on glaucoma. The contributors present a lucid and easy to
comprehend text, supplemented by superb clinical photographs, line diagrams, tables and flow
charts. I know Prof. Khurana is a highly sought-after author whose books are being received with
great enthusiasm by specialists and students of ophthalmology. I am confident that readers will
benefit greatly from this textbook and I wish Prof Khurana and his team best of luck for the
success of their academic venture.

Professor Tin Aung
MBBS (Singapore), M Med (Ophth), FRCS (Ed), FRC Ophth, FAMS, PhD (London)

Executive Director, Singapore Eye Research Institute
Deputy Medical Director (Research), Singapore National Eye Centre

Senior Consultant and Head, Glaucoma Department, Singapore National Eye Centre
Professor, Department of Ophthalmology, Yong Loo Lin School of Medicine, National University of

Singapore

xPrinciples and Practice of Glaucoma
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INTRODUCTION
Glaucoma terminologies
• Definition

• Glaucoma and IOP

• Glaucoma and optic neuropathy

• Glaucoma and visual field defects

• Glaucoma and predisposing and risk
factors

3

GLAUCOMA: INTRODUCTION
AND CLASSIFICATION

GLAUCOMA: INTRODUCTION
AND CLASSIFICATION

INTRODUCTION

Although the modern concepts of glaucoma can
be traced back to the middle of 19th century,
this group of ill-understood disorders was
recognized as early as 400 BC by the Greeks
when Hippocrates coined the term ‘glaucosis’
for the bluish-green hue of the affected eye. It
was in 10th century that an association with
raised intraocular pressure was found.

Glaucoma is a leading cause of irreversible
blindness throughout the world. Although it
more commonly affects older adults, it occurs
in all segments of society, with significant health
and economic consequences, making it a major
public health problem. Being characterized by
widely diverse clinical and histopathologic
manifestations, it is not commonly appreciated
by the general public, or even by a portion of
the medical community, which frequently leads
to confusion. Once the blindness of glaucoma
has occurred, there is no known treatment that
will restore the lost vision. In nearly all cases,
however, blindness due to glaucoma is
preventable making it prudent for the
ophthalmologists to recognize the early clinical
manifestations of the various glaucomas.
Appropriate treatment requires an under-
standing of the pathogenic mechanisms

CLASSIFICATION OF GLAUCOMA
Developmental glaucomas
Primary acquired glaucomas
• Primary open-angle glaucoma
• Primary angle-closure disease

Secondary glaucomas
• Depending upon the mechanism of rise in IOP
• Depending upon the causative primary disease

involved, as well as a detailed knowledge of the
drugs and surgeries that are used to control the
IOP.

GLAUCOMA TERMINOLOGIES

DEFINITION

• Glaucoma is not a single disease process but a
group of disorders characterized by a
progressive optic neuropathy resulting in a
characteristic appearance of the optic disc and
a specific pattern of irreversible visual field
defects that are associated frequently but not
invariably with raised intraocular pressure
(IOP).

• Common denominator of the glaucoma is a
characteristic optic neuropathy, which derives
from various risk factors that include but are
not limited to increased IOP.

• IOP is thus the most common risk factor but not
the only risk factor for development of
glaucoma.

• Consequently, the term ‘Ocular Hypertension’
is used for cases having constantly raised IOP
(>21 mm Hg) without any associated
glaucomatous optic disc or visual field
damage.

• Conversely, the term normal or low tension
glaucoma (NTG/LTG) is suggested for the
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ANATOMY AND
PHYSIOLOGY OF AQUEOUS
HUMOUR DYNAMICS AND
INTRAOCULAR PRESSURE

ANATOMICAL CONSIDERATIONS
Ciliary body
•Microscopic structure
•Ciliary processes

Blood supply of uveal tract
•Arterial supply
•Venous drainage

Posterior and anterior chamber
•Posterior chamber
•Anterior chamber

Angle of the anterior chamber
•Structures forming angle recess
•Gonioscopic grading of the angle width

Aqueous outflow system
•Trabecular meshwork
•Schlemm’s canal
•Collector channels
•Episcleral veins
•Innervation of aqueous outflow system

PHYSIOLOGICAL CONSIDERATIONS
Functions, properties and composition
•Functions of aqueous humour
•Physicochemical properties of aqueous humour
•Biochemical composition of aqueous humour

Formation of aqueous humour
•Formation processes
•Steps of aqueous formation
•Rate of aqueous humour production
•Control of aqueous formation

Aqueous humour dynamics
•Uveoscleral outflow
•Trabecular outflow

Facility of aqueous outflow
•Measurement of C-value

INTRAOCULAR PRESSURE
•General considerations
•Factors influencing the intraocular pressure
•Control of intraocular pressure
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ANATOMICAL CONSIDERATIONS

Maintenance of intraocular pressure (IOP) and
pathophysiology of glaucoma revolves around
the aqueous humour dynamics. The aqueous
humour is involved with virtually all portions
of the eye, although the principal ocular
structures concerned with it are:
•Ciliary body
•Posterior chamber
•Anterior chamber
•Angle of the anterior chamber, and
•Aqueous outflow system.

CILIARY BODY

Ciliary body is the site of aqueous production.
It is the forward continuation of the choroid at

ora serrata. In cut section, it is triangular in
shape. The anterior side of triangle forms the
part of the angle of anterior and posterior
chamber. In its middle, it is attached to the iris.
The outer side of the triangle lies against the
sclera with a suprachoroidal space in between.
The inner side of the triangle is divided into two
parts. The anterior part (about 2–2.5 mm) having
finger-like ciliary processes is called pars plicata
(corona ciliaris) and the posterior smooth part
(about 5 mm wide temporally and 3 mm wide
nasally) is called pars plana (orbicularis ciliaris)
(Fig. 2.1).

Microscopic structure

From without inwards, ciliary body consists of
following five layers (Fig. 2.2):

ANATOMY AND
PHYSIOLOGY OF AQUEOUS
HUMOUR DYNAMICS AND
INTRAOCULAR PRESSURE
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2. Stroma of ciliary processes is very thin and
separates the capillary network from the
epithelial layers. It consists of ground substance
(containing mucopolysaccharides, proteins and
solute of plasma), a few collagen connective
tissue fibres and wandering cells.
3. Two layers of epithelium are arranged with
their apical surfaces in apposition to each other.
The outer pigmented epithelium contains
numerous melanin granules. The inner non-
pigmented epithelium is characterized by
mitochondria (M), zonula occludentes (ZO) and
lateral and surface interdigitations (I). The tight
junctions between the cells of this layer create
part of the blood-aqueous barrier. Basement
membrane lines the double cell layer and
constitutes the internal limiting membrane
(ILM) on the inner surface (Fig. 2.4).

BLOOD SUPPLY OF THE UVEAL TRACT

Arterial supply

The uveal tract is supplied by three sets of
arteries (Fig. 2.5).
1. Short posterior ciliary arteries. These arise
as two trunks from the ophthalmic artery. Each
trunk divides into 10–20 branches which pierce
the sclera around the optic nerve and supply the
choroid in a segmental manner.

2. Long posterior ciliary arteries. These are two
in number (nasal and temporal). These pierce
the sclera obliquely on medial and lateral side
of the optic nerve and run forward in the
suprachoroidal space to reach the ciliary muscle,
without giving any branch. At the anterior end
of ciliary muscle, these anastomose with each
other and with the anterior ciliary arteries to
form the major arterial circle and also give
branches which supply the ciliary body.
3. Anterior ciliary arteries. These are derived
from the muscular branches of ophthalmic
artery. These are 7 in number: 2 each from the
arteries of superior rectus, inferior rectus and
medial rectus muscles and one from that of
lateral rectus muscle. These arteries pass
anteriorly in the episclera, give branches to
sclera, limbus and conjunctiva, and ultimately
pierce the sclera near the limbus to enter the
ciliary muscle where they anastomose with the
two long posterior ciliary arteries to form the
circulus arteriosus major, near the root of the iris.
Several branches arise from the circulus
arteriosus major and supply the ciliary processes
(one branch for each process). Similarly, many
branches from this major arterial circle run
radially through the iris towards pupillary
margin where they anastomose with each other
to form circulus arteriosus minor.

Venous drainage

Veins draining uveal blood are (Fig. 2.5):
1. Anterior ciliary veins. These are tributaries
of the muscular veins. Since they carry blood
only from the ciliary muscle, they are smaller
than the corresponding arteries.
2. Smaller veins from the sclera. These
correspond to the scleral branches of the short
ciliary arteries. They only carry blood from the
sclera and not from the choroid, and are,
therefore, smaller than the corresponding
arteries.
3. Venae verticosae (vortex veins or posterior
ciliary veins). These are usually 4 in number
(superior temporal, inferior temporal, superior
nasal and inferior nasal). They pierce the sclera
obliquely on each side of the superior rectus and
inferior rectus muscles, about 6 mm behind the
equator of the globe. Of these, superior temporal

Fig. 2.3 Microscopic structure of a ciliary process
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Fig. 2.4 Microscopic details of the cells of two layers of ciliary epithelium

Fig. 2.5 Blood supply of uveal tract
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The Shaffer's system is based on the width of
the angle recess, but marked intra- and
interobserver variability has been noted with
this system and hence a modified system where
the angle structure visible on gonioscopy is used
to grade the angle.

AQUEOUS OUTFLOW SYSTEM

It includes the trabecular meshwork, Schlemm’s
canal, collector channels, aqueous veins and the
episcleral veins (Fig. 2.7).

Trabecular meshwork

It is a sieve-like structure through which
aqueous humour leaves the eye. It bridges the
scleral sulcus and converts it into a tube, which
accommodate Schlemm’s canal. The trabecular
meshwork is complex connective tissue, the
components of which directly or indirectly affect

aqueous outflow. Hyaluronic acid is an
endogenous glycosaminoglycan (GAG) of the
trabecular meshwork. Degradation of hyaluronic
acid by hyaluronidase in experiment models
enables increased aqueous outflow. Other GAGs
including chondroitin, heparin, dermatan and
keratan sulphates, are constituents of trabecular
meshwork and they too may influence aqueous
outflow. Fibronectin, elastin, laminin, collagen
(types I, III, IV, V, and VI), and smooth muscle
myosin containing cells are other integral
components of the trabecular meshwork.
Fibronectin secretion by cultured trabecular
meshwork cells doubles after treatment with
dexamethasone. The significance of this finding
with respect to steroid responsiveness has yet
to be determined. Composition of the trabecular
meshwork is not constant throughout life.
Changes in the composition with advancing age

Fig. 2.7The aqueous outflow system

Table 2.1. Gonioscopic grading of angle

Grade 0Grade IGrade IIGrade IIIGrade IV

ShafferClosed10°20°30°40°
Modified ShafferSchwalbe’s lineSchwalbe’s lineAnterior TMScleral spurCiliary body

not visiblevisible visible visibleband visible
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have been implicated in the pathogenesis of
primary open-angle glaucoma. The trabecular
meshwork consists of three portions (Fig. 2.8).

i.Uveal meshwork

It is the innermost part of trabecular meshwork
and extends from the iris root and ciliary body
to the Schwalbe’s line. The trabeculae of uveal
meshwork are cord-like and two to three layers
thick. The arrangement of uveal trabecular
bands creates irregular openings which vary in
size from 25 to 75 µ.

On electron microscopy, each trabeculae is
seen to have three concentric layers: a central
collagenous core, a middle layer of a basement
membrane-like material with a periodicity of
1000 Å, and enclosing trabecular cells.

ii.Corneoscleral meshwork

It forms the larger middle portion and extends
from the scleral spur to the lateral wall of the
scleral sulcus. It consists of flat sheets of
trabeculae which are perforated by elliptical
openings which are smaller than those in the

uveal meshwork (5–50 µm). These holes become
progressively smaller as the trabecular sheets
approach Schlemm’s canal and holes of deepest
layer may be even 1–2 µ min size. Electron
microscopic structure of each trabecula is similar
to that of trabeculae of uveal meshwork.

iii.Juxtacanalicular (endothelial) meshwork

It forms the outermost portion of the trabecular
meshwork. It is that part of the trabecular
meshwork which mainly offers the normal
resistance to aqueous outflow. It consists of a
layer of connective tissue (containing 2–5 layers
of loosely arranged cells, embedded in an
extracellular matrix) lined on either side by
endothelium. This narrow part of trabeculum
(thickness 2–20 µm) connects the corneoscleral
meshwork with Schlemm’s canal. In fact, the
outer endothelial layer of the juxtacanalicular
meshwork comprises the inner wall of
Schlemm’s canal and the inner endothelial layer
of the juxtacanalicular meshwork becomes
continuous with the endothelium of corneoscleral
meshwork.

Fig. 2.8Schematic drawing showing microscopic structure of trabecular meshwork
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Preface

M
odern System of Ophthalmology (MSO) series comprises separate volumes on different
 subspecialities of ophthalmology. Each volume is planned with a very specific aim to cater

to the needs of postgraduate students in ophthalmology.

Salient Features of MSO Series
•Each volume is edited by different editors, yet the layout and organization has been kept similar

for all the volumes.
•Editors of different volumes are masters in their subspeciality with an uncanny knack of picking

up the right perspectives.
•Text matter is designed to meet the needs of residents in ophthalmology with a comprehensive

coverage in a concise manner. Text is complete and up-to-date with recent advances incorporated.
•Text is organized in such a way that the students can easily understand, retain and reproduce it.

Various levels of headings, subheadings, bold face and italics given in the text will be helpful for
a quick revision of the subject.

Principles and Practice of Glaucoma. This volume of Modern System of Ophthalmology is
devoted to Glaucoma, the second most common cause of blindness world over. Over the years,
the text on glaucoma diagnostics, therapeutics and surgical management has witnessed an
exponential growth. Presently glaucoma has emerged as an important subspecialty of
ophthalmology. Consequently a number of very good books are available on this subject.
However, still there is paucity of books which can provide tailor-made material for the needs
of residents in ophthalmology. An effort has been made in this volume to provide information
on principles and practice of glaucoma keeping in view the needs of trainee ophthalmologists,
in a more easily understood form. In a trial to simplify the text, at places the description looks
more dogmatic than is warranted by the facts.

Text matter of this volume has been arranged in four sections:
Section I. Glaucoma: Introduction, Basics and Epidemiology, introduces the subject with a workable
classification of glaucoma. Basic and applied aspects of the related anatomy and physiology have
been highlighted. Pathophysiology of glaucomatous damage and epidemiological aspects have
also been covered briefly in this section.
Section II. Glaucoma Diagnostics: Clinical Evaluation and Investigations, covers from history taking
to the most recent diagnostic tests developed over the years for an early diagnosis of glaucoma.
Section III. Glaucoma: The Clinical Entities, is devoted to common clinical types of glaucoma with
recent concepts about their understanding, diagnosis and management.
Section IV. Glaucoma: Management, describes medical, laser and surgical therapy of different types
of glaucoma in depth and, comprehensively yet concisely.

Editorial team of this volume comprises ophthalmologists dedicated to the cause of glaucoma.
The Honorary Editors, Prof Tanuj Dada from Dr RP Centre for Ophthalmic Sciences, AIIMS, New
Delhi and Dr Sushmita Kaushik, Associate Prof, Advanced Eye Centre, PGIMER Chandigarh,
are internationally renowned faculty on glaucoma. Associate Editor, Dr Parul Ichhpujani,
Assistant Prof Ophthalmology at GMCH, Chandigarh, is a well-known name in the field of
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typical cupping of the disc and/or visual field
defects associated with a normal or low IOP.

GLAUCOMA AND IOP

• Level of IOP is unimportant for the diagnosis
of glaucoma, although in equivocal cases an
abnormal IOP makes the diagnosis more
certain.

• IOP contributes significantly to the development
and progression of glaucoma.

• Non-IOP factors also contribute to the aetiology
of glaucoma and must be considered.

• IOP is the only modality, we currently have
available to reduce the risk of glaucoma even
in the presence of non-IOP contributing factors.

GLAUCOMA AND OPTIC NEUROPATHY

Glaucoma has a characteristic pattern of damage
to the optic nerve head; prominently recognised
at the superior and inferior poles of the optic
disc. The vertical cup:disc ratio (VCDR) has been
used as an index of glaucomatous loss of the
neuroretinal rim. But it should be kept in mind
that just like intraocular pressure, VCDR is a
continuous variable within the population.

VCDR  is not a very robust defining feature
for glaucoma as there exists variation in the size
of the optic disc between individuals, variation
in the number of axons in the optic nerve, from
a minimum of 8,16,000 to a maximum of
15,02,000 (mean 11,59,000 plus or minus
1,96,000) and the observation that larger optic
nerves have a larger neuroretinal rim area and
contain more axons. Hence, correction for
variation in disc size when assessing the VCDR
has been suggested.

GLAUCOMA AND VISUAL FIELD DEFECTS

For all practical purposes, for a visual field defect
to be labelled as glaucomatous, the glaucoma
hemifield test must be graded “outside normal
limits” along with a cluster of three contiguous
points at the 5% level on the pattern deviation
plot, using the threshold test strategy with the
24-2 test pattern of the Zeiss-Humphrey field
analyser 2. We do not  imply that this device is
the only acceptable tool for field analysis but we
consider it the standard as most centres in India
and across the globe use this device.

GLAUCOMA: PREDISPOSING AND RISK FACTORS

Everyone should be concerned about glaucoma
and its effects. It is important for each of us, from
infants to senior citizens, to have our eyes
checked regularly, because early detection and
treatment of glaucoma are the only way to
prevent vision impairment and blindness.

Primary open-angle glaucoma (POAG)

1. Heredity. POAG has a polygenic inheritance.
The approximate risk of getting disease is 10%
in the siblings, and 4% in the offspring of
patients with POAG.

2. Age. The risk increases with increasing age.
The POAG is more commonly seen in elderly
between 5th and 7th decades.

3. Race. POAG is significantly more common,
develops earlier and is more severe in black
people than in white.

4. Myopes are more predisposed than the
normals.

5. Diabetics have a higher prevalence of POAG
than non-diabetics.

6. Cigarette smoking is also thought to increase
its risk.

7. High blood pressure is not the cause of rise in
IOP, however, the prevalence of POAG is
more in hypertensives than the normoten-
sives.

8. Thyrotoxicosis is also not the cause of rise in
IOP, but the prevalence of POAG is more in
patients suffering from Graves’ ophthalmic
disease than the normals.

Primary angle-closure glaucoma (PACG)

Predisposing factors for PACG can be divided
into anatomical and general factors:
I.  Anatomical factors. Eyes anatomically
predisposed to develop primary angle-closure
glaucoma (PACG) include:
• Hypermetropic eyes with shallow anterior

chamber.
• Eyes in which iris–lens diaphragm is placed

anteriorly.
• Eyes with narrow angle of anterior chamber,

which may be due to: small eyeball, relatively
large size of the lens and smaller diameter of
the cornea or bigger size of the ciliary body.

• Plateau iris configuration.
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II. General factors include:
•Age. PACG is comparatively more common

in 5th decade of life.
•Sex. Females are more prone to get PACG than

males (male to female ratio is 1 : 4)
•Type of personality. It is more common in

nervous individuals with unstable vasomotor
system.

•Season. Peak incidence is reported in rainy
season.

•Family history. The potential for PACG is
generally believed to be inherited.

•Race. In Caucasians, PACG accounts for about
6% of all glaucomas and presents in sixth to
seventh decades. It is more common in South-
East Asians, Chinese and Eskimos but
uncommon in Blacks. In Asians, it presents in
the 5th to 6th decades and accounts for 50%
of primary adult glaucomas in this ethnic
group.

CLASSIFICATION OF GLAUCOMA

Glaucoma can be classified variously, but all
classification schemes are considered arbitrary
and limited. However, till the complete
understanding, it will be worthwhile to stick to
the traditional clinico-etiological classification,
which is as below.

A.DEVELOPMENTAL GLAUCOMAS

I.Primary developmental glaucomas (without
associated anomalies)
•Newborn glaucoma (true congenital glaucoma)
•Infantile glaucoma
•Juvenile glaucoma

II.Developmental glaucoma associated with
ocular abnormalities

III.Developmental glaucoma associated with
systemic abnormalities

B.PRIMARY ACQUIRED GLAUCOMAS

I.Primary open-angle glaucoma (POAG)
•Classical POAG with IOP, higher than normal

range, and
•Normal tension glaucoma (NTG) with IOPs

within normal range

II.Primary angle-closure disease
Stages based on natural history
•Primary angle-closure suspect (PACS)
•Primary angle-closure (PAC), and
•Primary angle-closure glaucoma (PACG)

Types based on mechanism of angle-closure
•Pupillary block,
•Plateau iris syndrome, and
•Phacomorphic mechanism.

C. SECONDARY GLAUCOMAS

I.Depending upon the mechanism of rise in
IOP
1.Secondary open-angle glaucomas in which
aqueous outflow may be blocked by:
•Pretrabecular membrane
•Trabecular clogging
•Oedema and scarring, or
•Elevated episcleral venous pressure.
2.Secondary angle-closure glaucoma which may
or may not be associated with pupil block.
•Anterior ‘pulling mechanism’: The iris is

pulled forward by some process in the angle,
often by the contraction of a membrane or
peripheral anterior synechiae.

•Posterior ‘pushing mechanism’: The iris is
pushed forward by some condition in the
posterior segment. Often the ciliary body is
rotated anteriorly, allowing the lens to come
forward also.

II. Depending upon the causative primary
disease, secondary glaucomas are named as
follows:
1.Lens-induced (phacogenic) glaucomas.
2.Inflammatory glaucoma (glaucoma due to

intraocular inflammation).
3.Pigmentary glaucoma.
4.Neovascular glaucoma.
5.Glaucomas associated with iridocorneal

endothelial syndromes.
6.Pseudoexfoliative glaucoma.
7.Glaucomas associated with intraocular

haemorrhage.
8.Steroid-induced glaucoma.
9.Traumatic glaucoma.

10.Glaucoma-in-aphakia.
11.Glaucoma associated with intraocular

tumours.
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1.Supraciliary lamina. It is the outermost
condensed part of stroma and consists of
pigmented collagen fibres. Posteriorly, it is a
continuation of the suprachoroidal lamina and
anteriorly it becomes continuous with the
anterior limiting membrane of the iris.
2.Stroma of the ciliary body. It consists of
connective tissue of collagen and fibroblasts.
Embedded in the stroma are ciliary muscle,
vascular stroma, nerves, pigment cells and other
cells.

Ciliary muscle.It is non-striated muscle which
occupies most of the outer part of the ciliary
body. In cut section, it is triangular in shape. It
consists of three parts:

•The longitudinal or meridional fibres take origin
largely by tendinous fibres from the scleral
spur and adjacent trabeculae and run
posteriorly to insert into the suprachoroidal
lamina as far back as equator or even beyond.

•The circular fibres occupy the anterior and inner
portion of the ciliary body and run parallel to
the limbus. These fibres lie nearest to the lens.

•Radial fibres are described as the obliquely
placed fibres which become continuous with
the circular fibres.

Actions: Main action of all the parts of the ciliary
muscle is to slacken the suspensory ligaments
of the lens and thus help in accommodation.
Circular fibres act directly as a sphincter.

Fig. 2.1Showing region of the pars plana and pars plicata: (A) As seen in the axial section of the eyeball; (B) As seen from
inside the eyeball posteriorly
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Radial fibres also act in the same way.
Longitudinal fibres’ mode of action is disputed.
Some say these act by drawing the choroid
forward. Due to their attachment to the scleral
spur, these fibres also help in aqueous outflow.

Nerve supply. The ciliary muscle is innervated
by the parasympathetic fibres from ciliary
ganglion which reach the eyeball along the short
ciliary nerves.

Vascular stroma of the ciliary body. The major
arterial circle lies in the connective tissue stroma
of ciliary body just in front of the circular fibres
of the muscle. It is formed by anastomosis
between the long posterior ciliary artery and
anterior ciliary arteries and sends branches to
the iris and ciliary body.

Vascular stroma forming ciliary processes is
described separately.
3. Layer of pigmented epithelium. It is a forward
continuation of the retinal pigment epithelium.
Anteriorly, it is continuous with the anterior
pigmented epithelium of the iris.
4. Layer of non-pigmented epithelium. It consists
mainly of low columnar or cuboidal cells, and
is a forward continuation of the sensory retina

which stops at the ora serrata. It continues
anteriorly with the posterior (internal) pigmented
epithelium of the iris.
5. Internal limiting membrane. It lines the non-
pigmented epithelium and is the forward
continuations of the internal limiting membrane
of the retina.

Ciliary processes

Ciliary processes are whitish finger-like
projections from the pars plicata part of the ciliary
body. They are about 70–80 in number and form
the site of aqueous production. Each process is
about 2 mm long and 0.5 mm in diameter.

Ultrastructure of the ciliary process

Each ciliary process is composed of three basic
components: the network of capillaries, stroma
and two layers of the epithelium (Fig. 2.3).
1. The network of capillaries occupies the centre
of each process. Each capillary consists of a very
thin endothelium with fenestrae or false pores
(the site of increased permeability) which is
lined by a basement membrane. Mural cells or
pericytes are present within the basement
membrane.

Fig. 2.2 Microscopic structure of iris and ciliary body
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vein is most posterior (8 mm behind the equator)
and inferior temporal is most anterior (5.5 mm
behind the equator).

At their choroidal end, the vortex veins have
an ampulliform dilatation. Venae verticosae
drain blood from:
• Whole of the choroid
• Receive small veins from optic nerve head
• Sometimes small veins from retina also join it
• Anterior tributaries come from the iris, ciliary

processes, ciliary muscle and anterior part of
the choroid. There is no major venous circle
corresponding to major arterial circle.
The oblique scleral canals through which the

vortex veins pass are about 4 mm long and
directed posteriorly in such a way that the four
veins appear to converge towards the apex of
the orbit.

The two superior vortex veins open into the
superior ophthalmic vein directly or through its
muscular or lacrimal tributaries. The two
inferior vortex veins open into the inferior
ophthalmic veins.

POSTERIOR AND ANTERIOR CHAMBERS

Posterior chamber

Posterior chamber is a triangular space
containing about 0.06 ml of aqueous humour.
The freshly formed aqueous humour from the
ciliary processes is poured into this space.
Posterior chamber is bounded anteriorly by the
posterior surface of the iris and part of ciliary
body, posteriorly by the crystalline lens and
its zonules, and laterally by the ciliary body
(Fig. 2.2). It can be divided into the following
three compartments.
1. Prezonular space. It lies between the posterior
surface of the iris and anterior surface of the
zonular fibres.
2. Zonular space. It is also known as circumlental
or ciliolental space. It is bounded centrally by
equator of the lens, peripherally by the ciliary
processes, anteriorly by the posterior surface of
anterior zonular fibres and posteriorly by the
anterior surface of posterior zonular fibres.
3. Retrozonular space. It lies between the
posterior surface of zonules and the peripheral
part of anterior vitreous face.

Anterior chamber

Anterior chamber is bounded anteriorly by the
back of cornea and posteriorly by the anterior
surface of iris and part of ciliary body (Fig. 2.2).
Anterior chamber is about 3 mm deep in the
centre in normal adults. It is comparatively
shallow in very young children and old people.
Its depth is determined genetically with a
dominant inheritance. It contains about 0.25 ml
of the aqueous humour. Through pupil, it
communicates with the posterior chamber. Its
peripheral recess is called angle of the anterior
chamber, which is mainly formed by the
trabecular meshwork.

ANGLE OF THE ANTERIOR CHAMBER

Structures forming angle recess

Angle of the anterior chamber plays an
important role in the process of aqueous
drainage. Clinically, the angle structures can be
visualized by gonioscopic examination. Starting
from posterior to anterior, the angle recess is
formed by following structures (Fig. 2.6).
1. Ciliary body band. It is the most posterior
landmark in the angle recess. It is formed by the
anterior most part of the ciliary body between
its attachment to the scleral spur and insertion
of iris. Therefore, its width depends upon the
level of iris insertion, and tends to be wider in
myopes and narrow in hypermetropes. Usually,
it appears as a grey or dark brown band.

2. Scleral spur. It is the posterior portion of the
scleral sulcus which usually appears as a
prominent white line on gonioscopy. On it are
attached ciliary body posteriorly and corneo-
scleral meshwork anteriorly.

3. Trabecular meshwork. It is seen as a band just
anterior to the scleral spur. Its appearance varies
considerably, since it has no pigment at birth
and develops pigment with increasing age;
therefore, with age its colour varies from faint
tan to dark brown.

4. Schwalbe’s line. It is a fine ridge seen just in
front of the trabecular meshwork. It is formed
by the prominent end of the Descemet’s
membrane of the cornea. It marks the anterior
limit of the structures forming the angle of the
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anterior chamber. It usually lies in the plane of
the posterior corneal surface, but in 15–20% of
normal subjects, it may be variably hyper-
trophied and project as a delicate, glistening
ridge into the anterior chamber (posterior
embryotoxon).

Gonioscopic grading of the angle width

Various systems have been suggested to grade
the angle width. The most commonly used is
modified Shaffer’s system of grading. The
grading of angle width is given in Table 2.1 and
is shown diagrammatically in Fig. 2.6.

Fig. 2.6Depiction of various angle structures as seen in different grades of angle width (Shaffer’s grading system): (A)
Structures forming angle recess; (B) configuration of the angle in cross-section of anterior chamber; (C) Gonioscopic view.
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Schlemm’s canal

It is an endothelial lined oval channel present
circumferentially in the scleral sulcus. The
endothelial cells of its inner wall are irregular,
spindle-shaped and contain giant vacuoles.

The endothelial cells lining the outer wall of
the Schlemm’s canal are smooth and flat. The
outer wall of the canal contains numerous
openings of the collector channels. Torus or lip-
like thickenings have been observed around the
openings of the outlet (collector) channel and
septa have been noted to extend from these
openings to the inner wall of Schlemm’s canal,
which presumably help to keep the canal open.

Collector channels

Collector channels, also called intrascleral
aqueous vessels, are about 25–35 in number and
leave the Schlemm’s canal at oblique angles to
terminate ultimately into episcleral veins. They
are lined by vascular endothelium similar to that
of the outer wall of Schlemm’s canal. They are
relatively wide at their origin (20–90 μm), but
taper towards their anas-tomoses with the
venous channels. No valves are present in the
collector channels. These intrascleral aqueous
vessels can be divided into two systems:
1. Direct system. It is formed by about eight
larger vessels which run a short intrascleral
course and terminate directly into the episcleral
veins. On slit-lamp examination, they appear as
clear vessels with aqueous and have been called
aqueous veins by Ascher. Since these aqueous
vessels terminate into episcleral and conjunctival
veins in a laminated junction, these are also
referred to as the laminated veins of Goldmann.
2. Indirect system. It is constituted by numerous
finer collector channels which drain into three
interconnecting venous plexuses—the deep
intrascleral plexus, mid-intrascleral plexus and
the episcleral venous plexus—before eventually
going into the episcleral veins.

Episcleral veins

Most of the aqueous vessels drain into the
episcleral veins. The episcleral veins ultimately
drain into the cavernous sinus via the anterior
ciliary and superior ophthalmic veins.

Innervation of aqueous outflow system

Many workers now believe that both para-
sympathetic and adrenergic autonomic fibres
and sensory fibres innervate the aqueous
outflow system. Both myelinated and non-
myelinated nerve fibres have been demonstrated
in the trabecular meshwork and Schlemm’s
canal. Although, it is tempting to designate a
role for such innervation in the homeostasis of
intraocular pressure, however, no such function
has been established till date.

Nerve endings with structural characteristics
of mechanoreceptors have also been reported to
exist in the human scleral spur. Following
functions have been hypothesized for these
presumed mechanoreceptors:
•They might be acting as proprioceptive tendon

organs for the ciliary muscle fibres inserted
on the scleral spur.

•They might be influencing the contraction
of the myofibroblastic scleral spur cells.
They might perform a baroreceptor function
in response to changes in intraocular
pressure.

PHYSIOLOGICAL CONSIDERATIONS

FUNCTIONS, PROPERTIES AND COMPOSITION

OF AQUEOUS HUMOUR

FUNCTIONS OF AQUEOUS HUMOUR

Aqueous humour is a clear, colourless, watery
solution, continuously circulated from the
posterior chamber of the eye throughout the
anterior chamber. This continuous circulation
results from a dynamic equilibrium. The
aqueous humour serves following functions:
1.Maintenance of intraocular pressure. It is the
primary function of the aqueous. By virtue of
this, the aqueous humour helps in maintaining
the shape and internal structural arrangement of
the eye.
2.Metabolic role. In addition to its role in main-
taining a proper intraocular pressure, it also
plays an important metabolic role by providing
substrates and removing metabolites from the
avascular ocular structures as follows:
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