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The Eye

Jan Ulrik Prause and Maria Antonia Saornil

1.1 General Description

1.1.1 A Few Words of Introduction

The general pathologist may receive an eye for
histopathological analysis for various reasons.
Despite that the number of autopsies is steadily
dropping all over the world, the eyes are still
obtained for study due to severe acute trauma.
The eye may also be suspected of harbouring
the primary tumour that caused the death of the
patient and may show important specific signs
of systemic inflammatory or infectious general
disease. Specific signs of disease or trauma may
be obtained from a forensic point of view like in
“battered child syndrome” or with the purpose
of identifying the age of the patient [1]. The eye
may be analysed because the patient at autopsy
has donated organs. When the corneas are sent to
the cornea bank, the remaining parts of the eyes
should be examined to exclude any disease that
could be transmitted.
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The eyes may also be sent to analysis directly
from the ophthalmic departments because of spe-
cific eye diseases leading to enucleation or exen-
teration although these reasons have dropped
drastically in number during the last many years
[2]. A limited number of eyes are also removed
despite being normal, because of massive, malig-
nant tumours of the eyelids and orbit that cannot
be surgically treated without causing permanent
exposure of the globe. Despite this, the eyes are
still to be examined when removed also to ensure
tissue for the future. Most cases described in
this chapter, their morphological characteristics
and the related epidemiological data are based
upon the database at the Eye Pathology Institute,
University of Copenhagen (@PI-KU). The
database is national and has existed since 1910.

1.1.2 Orienting, Transillumination,
Cutting and Embedding

The enucleated eye is inspected using a stereo
microscope. Dimensions of the globe (length
x width x height) and length of the optic nerve
stump are obtained with a ruler. Note any rup-
tures of the sclera and cornea. Mostly, scleral
ruptures pass along a rectus muscle insertion into
the sclera. The cornea may be cloudy, preventing
inspection of the anterior chamber. Extrabulbar
extensions of intraocular tumours should be
noted. Most are found at the emissaries (Fig. 1.1).
The cranial end of the cut optic nerve is inspected
for tumour infiltration.

S. Heegaard, H. Grossniklaus (eds.), Eye Pathology: An Illustrated Guide, 1
DOI 10.1007/978-3-662-43382-9_1, © Springer-Verlag Berlin Heidelberg 2015
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Fig. 1.1 Examination of the eyeball. (a) Note the extra-scleral extension of a malignant choroidal melanoma along the

vessels (arrow). (b) Histological survey of a similar area

Internal tumours are looked for by
transillumination. This is best performed with a
fibre optic source in dimmed light (Fig. 1.2). Draw
the outlines of the shadow with a tissue pencil upon
the sclera to facilitate correct cutting of the globe.

The globe is by standard cut into three: two
calottes and a central ring. Use disposable blades;
those used for cleaning glass windows for sticky
paper are excellent (Fig. 1.3). If no intraocular
tumours are suspected, the globe is divided by
horizontal cuts. The two cuts are placed with a
distance of app. 8 mm to create a ring that
includes the cornea, the sclera, the anterior cham-
ber, the optic nerve, the fovea, and the lens.

Embedding in paraffin follows routine proto-
cols; however, since the specimen is a ring with a
stiff outer wall (the sclera) and a thin friable inner
wallpaper (the choroid and the retina), only sup-
ported by a collapsed vitreous body (age or the fixa-
tive), most types of paraffin tend not to prevent
artificial detachment of the retina during processing
and cutting. Admixture of 7 % ordinary bee wax to
the paraffin is a good solution to this problem.

Fig. 1.2 Diascleral illumination of an eye with a malig-
nant choroidal melanoma. The localisation and size of the
tumour is determined from its shadow (asterisk)

Photographic documentation is performed in
a photomicroscope equipped with focal light
sources. Submersing of the central ring in water
is recommendable to prevent multiple reflexes.
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Fig. 1.3 Tools for sectioning of the eyeball

1.1.3 The Ordinary Sequence
in Which to Describe the Eye

in Histopathology

By tradition, a sectioned eye is described in a spe-
cific sequence: cornea, limbal tissue, sclera, ante-
rior chamber, iris, ciliary body, choroid, retina,
optic nerve, optic disc, vitreous body and lens.

1.2  Embryology, Anatomy
and Development
1.2.1 Embryology

The embryology of the eye has been splendidly
described in classic textbooks [3] and in a series
of more recent papers [4—7]. The embryonic
development of the eye can be observed 3 weeks
after conception when the optic sulci appear in
the neural folds. The genesis of the eye is charac-
terised, on the molecular level, by the expression
of “eye-field transcription factors”, regulating

Fig. 1.4 Drawing of the optic vesicle. The vesicles evagi-
nate from the anterior neural tube during the second foetal
week. / optic vesicle, 2 lens placode, 3 future anterior iris
epithelium + non-pigmented ciliary epithelium + neuro-
retina, 4 future anterior iris epithelium + outer ciliary epi-
thelium + retinal pigment epithelium

the development of the eye structures from the
neuroectoderm, the surface ectoderm and the
mesenchyme. When the neural tube closes, optic
sulci deepen and become optic vesicles, arising
as hemispherical extensions on the lateral sides
of the forebrain vesicle and in continuity with the
neural tube that is composed of neuroectodermal
cells. At the end of the fourth week, the optic ves-
icles approach the surface ectoderm, inducing the
formation of the lens placodes which invaginate,
creating the two lens vesicles. Concurrently, the
growth of the cells of the optic vesicle leads to
infolding of the anterior part of the vesicle into the
posterior part, forming the optic cup (Fig. 1.4).
During the second month the inner layer of the
optic cup differentiates into the posterior iris epi-
thelium, the inner ciliary epithelium and the neu-
rosensory retina. The outer layer develops into



J.U. Prause and M.A. Saornil

Fig.1.5 At 4 weeks the optic cup is created by invagina-
tion of optic vesicle. Evagination of lens placode forms the
lens vesicle. / outer layer of optic cup, 2 lens vesicle, 3
hyaloid artery enters through the open embryonic fissure

the anterior iris epithelium and the iris muscles,
the outer ciliary epithelium and the retinal pig-
ment epithelium (RPE). The cup is incomplete
inferiorly. This cleft is called the embryonic fis-
sure, and it extends from near the lens to the optic
stalk and allows vessels of the hyaloid system to
get into the eye (Fig. 1.5). Subsequently, the two
edges of the fissure fuse.

Differentiation of the neurosensory retina
begins with three to four rows of cells with high
mitotic activity. The inner third is called inner
marginal zone and differentiates into the nerve
fibre layer. Neural and glial cells keep evolving
simultaneously and develop into the inner and
outer neuroblastic layers. They are separated by
the transient nerve fibre layer of Chievitz, which
around 10-12 weeks becomes the inner plexiform
layer, except in the macule where it remains until
birth. By the end of the third month, the four major
horizontal layers of the retina are developed.
Between the third and fifth month, the ganglion
cells are the first to differentiate and axons enter
the optic stalk, inducing the formation of the optic
nerve. Photoreceptors arise from the outermost
layer of neuroblastic cells, and the differentiation
of cones starts in the future foveal area. The dif-
ferentiation of cone outer segments begins at the

fiftth month, and the rod outer segments develop
during the seventh month when also bipolar cells
develop. The development of the retina originates
from the posterior area, and prearrangement of
foveal organisation starts early because it is the
central point from where cells extend peripher-
ally. The foveal pit is recognisable by the seventh
month due to the thinning of the inner nuclear
layer. By the eighth month, the ganglion cell lay-
ers have decreased to two layers, and the inner
nuclear layer is reduced to three rows of cells
or less because of a lateral displacement of the
remaining layers. At birth, the fovea still contains
the transient layer of Chievitz, and its maturation
to form the foveola begins at 4 months after birth;
the remodelling continues until 4 years of age.

Retinal pigment epithelium develops from the
outer layer of the optic cup, and at week 6 mela-
nogenesis begins. The RPE are the first cells in
the body to produce melanin. The RPE cells turn
into cuboidal and cylindrical cells by the fourth
month, and RPE is supposed to be functional at
this time.

A primary vitreous is established during the
second month, when mesenchymal cells and the
hyaloid system vessels enter the embryonic fis-
sure. Subsequently, as the secondary vitreous
develops and is composed of collagen fibrils and
hyalocytes, the primary vitreous and its hyaloid
system regress, leaving a remnant postnatal chan-
nel: the Cloquet’s canal. The condensation of
collagen fibrils around the lens equator and the
outer vitreous constitutes the final tertiary vitre-
ous (Fig. 1.6).

The optic nerve develops from the optic stalk,
the connection between the forebrain and the
optic vesicle. By the seventh week, the optic disc
comprises the hyaloid artery surrounded by
axons derived from the ganglion cells. The num-
ber of axons rises rapidly reaching the adult level
around the 34th week. At birth 75 % of the growth
of the optic nerve and disc has developed and
95 % is reached before 1 year of age.

The lens arises from the lens placode (surface
ectoderm) under the induction from the underlying
optic vesicle. Pax6 acts in this phase as the mas-
ter control gene, and genes encoding cytoskeletal
proteins, structural proteins and membrane proteins
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Fig.1.6 At 9 weeks most structures of the future mature
eye can be identified. / secondary vitreous, 2 canal of
Cloquet, 3 tertiary vitreous

become activated (Fig. 1.5). Invagination of the
lens placode leads to the formation of a lens vesicle,
and the basal lamina of the epithelial cells makes
up the lens capsule. The posterior row of cells
stops to divide but elongate to reach the anterior
part of the cells. Thereby the primary lens fibres
and the embryonic nucleus are formed by the end
of the second month. Pre-equatorial cells preserve
the mitotic activity and produce the secondary lens
fibres that are joined centrally in the shape of a Y
anteriorly and as an inverted Y posteriorly. The
cells in the anterior part of vesicle remain cuboi-
dal and continue to divide through life. The zonules
form from the tertiary vitreous and reach the lens by
the fifth month.

The cornea develops from the surface ecto-
derm, when the lens vesicle move into the optic
cup, and neural crest-derived cells from the peri-
ocular mesenchyme migrate in front of it and into
the later cornea. Ectodermal cells form the epi-
thelium. The neural crest-derived mesenchymal
cells (mesectodermal cells) become keratocytes
that produce collagen fibrils and matrix, thus cre-
ating the corneal stroma. The mesectodermal
cells also form the corneal endothelium, which
becomes a single layer of cells by the third month.
The endothelial basement membrane produces
the foetal Descemet’s membrane.

The sclera derives also from the mesectoder-
mal cells around the optic cup; posteriorly these

cells migrate into the nerve fibres in the optic
nerve to form the cribriform layer.

The choroid arises very early in the develop-
ment from mesectodermal cells around the optic
cup. They differentiate into the choroidal stroma,
which initially is composed of a framework of
collagen fibrils and fibroblasts. Melanocytes
appear by the sixth month. A palisade of vessels
form externally to the RPE, and the choriocapil-
laris begins to differentiate. They develop com-
munications with the precursors of ciliary arteries
by the second month. In the third month, an outer
layer of large vessels (Haller’s layer) develops,
and along the fourth month, the anterior ciliary
and long posterior ciliary arteries form the major
arterial circle of the iris. The third layer of
medium-sized vessels (Sattler’s layer) develops at
sixth month.

Ciliary body and iris development commences
at the second month with the indentation of the
outer pigmented layer of neuroectoderm (future
pigmented ciliary epithelium) by small capillaries
in the inner vascular mesenchyme. The vascular
young branch, covered by a double layer of epithe-
lial cells, enlarges and forms primitive radial folds
around the lens, being the basis of the ciliary pro-
cesses. The ciliary muscle differentiates between
the fourth and fifth month from mesenchymal cells
between the primitive ciliary epithelium and the
anterior sclera. Iris development is related to the for-
mation of a tunica vasculosa lentis. During the third
month, there is an expansion of neuroepithelial cells
at the cup anterior margin to the primitive ciliary
body, growing centripetally between the primitive
cornea and the lens surface, incorporating vessels
from the pupillary membrane, lying on the anterior
surface of the lens. The vascular mesenchyme forms
the future iris stroma. Pigmentation of the posterior
epithelial layer, which is a continuation of the non-
pigmented layer of the ciliary body and neurosen-
sory retina, is completed by the end of the seventh
month. Sphincter muscle differentiation from the
anterior layer of epithelium starts at 3 months, but
complete development finishes at the 8th month.
Dilator muscle appears at sixth month as basal
extensions of the anterior pigmented iris epithelium,
and differentiation continues after birth as well as
the full development and pigmentation of stroma.
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Fig. 1.7 Dimensions and details of a human eye. / cor-
nea, 2 anterior chamber, 3 iris, 4 pupillary sphincter mus-
cle, 5 lens, 6 zonules, 7 m. ciliaris, § ciliary body, 9 sclera,
10 choroid, 11 retina, 12 optic disc, 13 foveola, 14 vitre-
ous body, /15-16 visual axis, /7 optic nerve

1.2.2 Anatomy

The eye is a specialised organ in the transformation
of light energy in the retina into neural potentials
transmitted through the optic tract to the brain,
where the information is processed as vision.
Splendid surveys of the anatomy may be consulted
[8, 9]. The eyeball or globe is an almost spherical
structure with an anterior-posterior diameter in the
adult of about 23-25 mm and 24 mm in transverse
diameter. The eye is composed of three concentric
layers: the external or fibrous (cornea and sclera),
the middle or uvea (iris, ciliary body and choroid)
and the inner or neural layer (retina and optic
nerve). It contains also three compartments (ante-
rior chamber, posterior chamber and vitreous cav-
ity), and these chambers are filled with aqueous
humour and the posterior cavity with the vitreous
gel (Figs. 1.7 and 1.8).

1.2.3 External Layer

The external layer of the eyeball consists of
the transparent cornea anteriorly (1/6) and the
opaque sclera posteriorly (5/6). The transitional
zone between the two is the corneal limbus. The

Fig.1.8 Horizontal section of a human eye

external layer is composed of connective tissue
with refractive (cornea) and protective functions.

The cornea is a transparent, nearly spherical
structure, located in the centre of the anterior
pole of the globe and continuous with the sclera
at the limbus. In the adult, it measures 12 mm in
the horizontal meridian and 11 mm in the ver-
tical, being almost 1 mm thick in the periphery
and 0.5 mm centrally. Corneal transparency is
due to several characteristics: regularity of the
epithelium, avascularity, regular arrangement of
stromal components and relative dehydration. Its
optical function is important being a positive lens
of 43 diopters, i.e. the main refractive element of
the eye. The exposed surface of the cornea is cov-
ered by the tear film, which is essential for nor-
mal corneal function. It lubricates and produces
a smooth optical surface and provides nutrients
and other components necessary for the mainte-
nance of the ocular surface. The cornea is com-
posed of five layers (Fig. 1.9).

The corneal epithelium is a stratified squa-
mous non-keratinised epithelium of five or six
layers attached to the underlying basement
membrane by hemidesmosomes. It has a basal
layer of columnar cells, then two or three lay-
ers of polygonal “wing cells”, and an outermost
superficial layer of cells that are flattened and
thin. New cells are derived from mitotic activity
in the basal-peripheral cell layer. The new cells
float towards the centre and displace older cells
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Fig.1.9 The normal cornea
is composed of five layers, i.e.
the epithelium, Bowman’s
layer, the stroma, Descemet’s
membrane and the endothe-
lium. H&E stain, bar=100 pm

superficially and centripetally. Non-epithelial
cells may appear as wandering histiocytes, mac-
rophages, lymphocytes and antigen-presenting
Langerhans cells.

The Bowman’s membrane or layer is consid-
ered a modified region of the stroma and consists
of a uniform acellular zone below the epithelial
basement membrane, tightly bound to the corneal
stroma. It is composed of small collagen fibres
and has pores for the terminal branches of cor-
neal nerves, which continue into the basal layers
of the epithelial cells. Bowman’s membrane is
not regenerated after injury.

The stroma constitutes 90 % of the corneal
thickness and is a dense connective tissue of
extraordinary regularity and consists of
collagenous lamellas oriented parallel to the cor-
neal surface, with modified flattened fibroblast
containing crystallines, termed keratocytes. The
transparency of the cornea is highly dependent on
the arrangement of the collagen fibrils, which is
regulated by glycosaminoglycans and proteogly-
cans. The stroma is avascular but sensory nerve
fibres are present in the anterior layers to reach
the epithelium.

Descemet’s membrane is the basal lamina of
the corneal endothelium, and its thickness
increases with age. It is composed of the anterior
zone band, developed before birth, and the poste-
rior non-banded zone formed by corneal endo-
thelium. The non-banded zone grows through the
entire life of the person.

A separate structure the Dua layer has recently
been suggested to exist [10]. The layer is ascribed
to the cleavage site when performing Descemet’s
membrane pealing. It is an acellular structure
found beyond the last row of keratocytes, mea-
suring 10 pm in thickness, and is composed of
five to eight lamellas of predominantly type I
collagen bundles arranged in transverse, longitu-
dinal and oblique directions. Its recognition has
not yet been confirmed by other authors and it
cannot be identified by ordinary histology.

The corneal endothelium is a monolayer of
hexagonal cells derived from the neural crest;
they contain large nucleus and abundant mito-
chondria. The main function of the endothelium
is to maintain corneal dehydration and transpar-
ency. The cells have a low regenerative capacity
and decrease in number with age. Lost cells are
replaced by spreading of the adjacent cells.
Endothelial dysfunction leads to oedema of the
stroma and loss of transparency.

The sclera, in contrast to the cornea, is opaque
and has an anterior opening for the cornea and a
posterior for the optic nerve, crossed by lamina
cribrosa. It consists of bundles of collagen, fibro-
blasts and ground substance. It is essentially
avascular except anteriorly where it is covered
by episclera and is crossed by numerous emis-
sary channels through which pass arteries, veins
or nerves. The four rectus muscles insert ante-
riorly around the limbus forming the spiral of
Tillaux. The medial rectus muscle inserts closer
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to the limbus (5.5 mm) and the superior muscle
the farthest (7.7 mm). The equator of the eye-
ball is approximately 16 mm behind the limbus
(Fig. 1.10). Posteriorly, the insertions of oblique
muscles in the temporal halves and the vortex
veins in the four quadrants are found. The short
posterior ciliary arteries and nerves enter around

Fig.1.10 An enucleated eye seen from behind. Note the
emissaries as bluish structures

Fig.1.11 The limbal area and
the chamber angel. The
trabecular meshwork (arrow)
is located between the
Schwalbe’s line (a) and the
scleral spur (b) and makes up
the internal wall of the
Schlemm’s canal (asterisk).
H&E stain, bar=200 pm

the optic nerve. Two long ciliary nerves and arter-
ies enter at the horizontal meridian on each side of
the optic nerve and advance through the supracho-
roidal space to the ciliary body. The optic chan-
nel is crossed by a fenestrated plate, the lamina
cribrosa, where the axons from the ganglion cells
meet to exit the eye forming the optic nerve.

The limbus is the transitional zone between
the transparent cornea and the opaque sclera, rel-
evant due to the relation with the anterior cham-
ber angle. At this location, the corneal epithelium
is continued into the conjunctival epithelium,
increasing the number of cell layers and with the
appearance of a sub-conjunctival tissue contain-
ing vessels and progenitor stem cells, respon-
sible for the turnover of corneal epithelial cells.
Bowman’s membrane ends, and the transparent
corneal stroma continues with the opaque sclera,
drawing a concavity called external scleral sulcus.
Deep in the limbus, the Descemet’s membrane
ends in the Schwalbe’s line where the anterior
chamber angle begins (Fig. 1.11).

The anterior chamber angle is situated at the
confluence of the cornea, sclera and iris and is
limited anteriorly by Schwalbe’s line and posteri-
orly by the scleral spur (Fig. 1.11). The inner
sclera forms the internal scleral sulcus containing
the trabecular meshwork and the Schlemm’s
canal, the main structures in the drainage of the
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aqueous humour. The longitudinal ciliary muscle
fibre inserts in the scleral spur and myofibroblast-
like cells are found circumferentially.

1.2.4 Middle Layer

The uveal tract is the middle vascular pigmented
layer of the eye which consists of the choroid, cili-
ary body and iris. These constituents are continuous
and have an opening anteriorly, the pupil, and pos-
teriorly they surround the optic nerve channel. The
uvea is responsible for the nutrition of most intra-
ocular components, but the passage of nutrients into
the eye is controlled by vascular barriers. In the iris,
the capillary endothelium is non-fenestrated; in the

Fig.1.12 The two pigmented epithelial layers of the iris.
Arrow at dilatator muscle within the anterior epithelial
layer. H&E stain, bar=50 pm

Fig.1.13 Pupillary margin.
Note the sphincter muscle in
the stroma near the pupil.
H&E stain, bar=100 pm

ciliary body, the blood-aqueous barrier; and in the
retina, the outer blood-retina barrier. The uvea is
attached firmly to the sclera in three locations only:
at the scleral spur, at the exits of the vortex veins and
at the optic nerve.

The iris is the anterior part of the uvea and has
a central hole, the pupil. The iris stroma adapts to
its variable size being loose and mobile, present-
ing folds during mydriasis and being relatively
smooth in miosis. It is the border between the
anterior and the posterior chambers. The iris is
composed of the anterior surface, the mesecto-
dermal stroma and the two posterior, pigmented
epithelia (Fig. 1.12). The anterior surface is an
accumulation of stromal components, avascular
and without continuous cell coverage, charac-
teristically irregular with ridges and folds. The
stroma is composed of connective tissue and
pigmented and non-pigmented melanocytes
whose density of pigmentation is responsible
for the iris colour. The stroma near the pupil
contains the sphincter muscle, a circular band
of smooth muscle fibres around the pupillary
margin (Fig. 1.13). Blood vessels follow a radial
course from the major arterial circle towards the
pupil forming the minor vascular circle of the
iris, usually incomplete. The anterior epithelial
layer emits non-pigmented cytoplasmic exten-
sions with myofibrils constituting the iris dilator
muscle. The posterior iris pigment epithelium is
heavily pigmented. The two iris epithelia con-
tinue uninterruptedly with the ciliary epithelia.

The ciliary body has a triangular shape with
the base in the iris and the vertex to the choroid.
Its main functions are aqueous humour forma-
tion and lens accommodation. It is consists of a
pars plicata and a pars plana (Fig. 1.14). The pars
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plicata is composed of approximately 70 radial
folds, the ciliary processes, consisting of a vas-
cular connective axis covered by a double epithe-
lial layer (pigmented and non-pigmented) which
continues uninterruptedly with the epithelium of
the iris and the pars plana (Fig. 1.15).

The epithelial cells are joined by tight junc-
tions forming a barrier to the passage of blood
products to the posterior chamber, thus constitut-
ing the blood-aqueous barrier. In the depth of the

Fig.1.14 View of ciliary body from behind. Pars plicata
(a) has a folded structure, pars plana is flat (b) and ora
serrata (c) is the border towards the retina

Fig.1.15 Ora serrata. The
non-pigmented ciliary

epithelium transform to .
elongated cells that more X5
posteriorly continues into e .

the neuroretina. H&E, -
bar=100 pm

pars plicata is the ciliary muscle with three lay-
ers: the outer-longitudinal, the middle-radial and
the inner-circular muscles functioning as one
unit. The zonules of the lens are attached to the
ciliary processes. Contraction of the ciliary mus-
cle relaxes the tensile force of the zonules, allow-
ing accommodation of the lens for near vision.
The pars plana consists of a thin layer of connec-
tive tissue covered by two separate epithelial cell
layers, continuous with those of the pars plicata.
The inner non-pigmented epithelium is pseu-
dostratified and is strongly linked to the vitreous.
The point where the non-pigmented inner layer
becomes a multilayer marks the beginning of the
neurosensory retina and is known as the ora ser-
rata, with a characteristic anatomical and clinical
morphology recognisable at clinical examina-
tions (Fig. 1.15).

The choroid is the posterior portion of the
uvea, and its main function is to nourish the outer
portion of the retina and to keep the temperature
of the retina within normal metabolic range — the
photosensory mechanisms and the degradation of
photons within the retina create immense heat.
The choroid is composed of vessels, connective
tissue and melanocytes. Perfusion comes from
the long and short ciliary arteries and from retro-
grade branches from the perforating anterior cili-
ary arteries in the periphery. It consists of three
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Fig.1.16 Choriocapillaris
(asterisk) is situated outside
the Bruch’s membrane (a),
the retinal pigment epithelium
(b) and the photoreceptor
outer segments (c). H&E,
bar=10 pm

layers: externally large vessels, at the middle
small vessels and at the innermost the choriocap-
illaris, with its tightly packed capillaries contain-
ing multiple fenestrations facing the retina.
Bruch’s membrane is a membrane resulting from
the fusion of the basement membranes of the reti-
nal pigment epithelium and the choriocapillaris.
It is highly permeable to small molecules, but the
tight junctions between the RPE cells prevent the
free passage of substances into the retina, i.e.
the outer blood-retina barrier (Fig. 1.16).

1.2.5 InnerLayer
The retina is the innermost layer of the eye. It
is the focus for the eye’s optical system and
contains photoreceptors and neural elements in
which photons are transformed to visual neu-
ral impulses that are transmitted to the brain.
Branches from the central retinal artery vessels
enter through the optic nerve and divide in nasal,
temporal, superior and inferior branches. The
blood vessels are similar to the cerebral blood
vessels, composed of non-fenestrated endothelial
cells with tight junctions, constituting the inner
blood-retina barrier.

The retina is composed of the outer RPE and
the inner neurosensory retina with nine different
layers (Figs. 1.17 and 1.18).

Fig.1.17 Drawing of retina with major structures. / reti-
nal pigment epithelium, 2 photoreceptor outer segments, 3
external limiting membrane, 4 outer nuclear layer, 5 outer
plexiform layer, 6 inner nuclear layer, 7 inner plexiform
layer, 8 ganglion cell layer, 9 nerve fibre layer, /0 internal
limiting membrane
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Fig.1.18 The retinal layers.

1 internal limiting membrane,
2 nerve fibre layer, 3 ganglion
cell layer, 4 inner plexiform
layer, 5 inner nuclear layer,

6 outer plexiform layer.

7 outer nuclear layer,

8 outer limiting membrane,

9 photoreceptor outer
segments. /0 retinal pigment
epithelium. H&E,

bar=100 pm

RPE is a regular monolayer of highly pig-
mented cells continuous with the pigmented epi-
thelium of the ciliary body. Its basal cytoplasmic
membranes and its basement membrane form
the inner layer of Bruch’s membrane. The api-
cal surface of the RPE cells has processes that
surround the photoreceptor outer segments. The
main functions include the outer blood-retina
barrier (active transport of nutrients to the outer
retinal layers), vitamin A metabolism, absorption
of stray light and maintenance of the outer seg-
ments of the photoreceptors.

The neurosensory retina consists of neuronal
and glial cells. The photoreceptors are highly
specialised cells — rods and cones. Their outer
segments are in contact with the apical pro-
cesses of the RPE surrounded by a mucopoly-
saccharide matrix. The inner segment contains
the synaptic body to establish the connection
with dendrites from bipolar cells and horizontal
cells. Axons from bipolar cells synapse with
ganglion and amacrine cells. The axons from
ganglion cells become parallel to the inner sur-
face of the retina to form the nerve fibre layer
and to merge to constitute the optic nerve.
Temporal fibres follow a curved path around
the macula, and fibres from the fovea travel
straight to the optic nerve. Glial cells are mainly
Miiller cells that extend from the external to the
internal limiting membrane and together with
astrocytes and microglia provide support and
nutrition to the retina.

The central retina — the posterior pole or the
macula — lies between the temporal vascular
arcades; outside this area is the peripheral retina.
In the centre of the macula is an area 1.5 mm
in diameter — the fovea — responsible for higher
visual acuity and colour vision. At the centre of
the fovea is a central depression, the foveola,
approximately 0.35 mm in diameter. In this area,
there is only the photoreceptor layer composed
exclusively of cones and responsible for the high-
est visual acuity. In the macular area the retina is
thicker; the RPE cells are taller and contain more
and larger melanosomes. In the neuroretina of this
region, the cones are still the dominant photore-
ceptor type, and the ganglion cell layer has several
rows of cells (Fig. 1.19). In the periphery the retina
is still thinner and dominated by rods (Fig. 1.20).

1.2.6 Optic Nerve

The ganglion cell axons meet at the back of the
eyeball, preserving the retinotopic organisation
in the optic nerve head formed by four layers.

The superficial nerve fibre layer, composed of
the non-myelinated ganglion cell axons with spots
of myelinated fibres resulting from migration of
oligodendrocytes through the lamina cribrosa.

The pre-laminar region in which the ganglion
cell axons are organised into bundles supported
by astrocytic glial cells that pass through the lam-
ina cribrosa.
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Fig.1.19 Retina at the
macular area. Note the thick s
ganglion cell layer. H&E,
bar=100 pm
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Fig.1.20 Retina at the
equator has less ganglion cells
than at the macula. H&E,
bar=100 pm

The laminar portion or lamina cribrosa con-
sists of sheets of connective tissue with type I and
IIT collagen, elastin, laminin and fibronectin,
which comprise about ten fenestrated connective
plates integrated with the sclera, and with pores
traversed by the axon bundles (Fig. 1.21).

The retro-laminar portion, where nerve fibres
become myelinated, is surrounded by meningeal
sheaths constituting the optic nerve. This portion
continues to the apex of the orbit forming the
orbital part of the optic nerve (Fig. 1.21).

1.2.7 Lens

The lens is a biconvex structure located behind the
posterior chamber and the pupil. Its main function
is refractive. Reduced tension of the zonules, con-
trolled by the ciliary muscle, changes the radius of
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curvature of the lens, creating the accommodation
required for near vision. The lens lacks innerva-
tion, is avascular and depends on the aqueous and
vitreous humour for nutrition. To understand the
structure of the lens, it is necessary to remember
its embryologic origin from an invagination of
surface ectoderm. The lens capsule is the base-
ment membrane of the lens epithelium. It is
thicker in the front (as it is produced throughout
life by the anterior epithelium) than in the back
(only produced during the embryonic period
where the posterior epithelium still exists as an
epithelium). The anterior epithelium is a low pris-
matic monolayer located under the anterior cap-
sule. It grows radially, and at the lens equator, the
cells divide and migrate into the lens vesicle. The
cells elongate, sending processes anteriorly and
posteriorly, and mature to be lens fibres, forming
the adult lens cortex. Mitotic activity is highest in
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Fig. 1.21 Longitudinal section of the
Masson trichrome stain, bar=100 pm

optic nerve.

the pre- and equatorial lens epithelium known as
the germinative zone. The lens sutures are formed
by the interdigitations of the anterior and poste-
rior tips of the fibres. When new lens fibres are
formed, the older are pushed deeper into the cor-
tex. The old lens fibres do not contain nuclei. In
the final transformation, the fibres fuse forming
the adult lens nucleus.

1.2.8 Vitreous Body

The vitreous cavity occupies four fifth of the poste-
rior eyeball having a volume close to 4 ml. The cav-
ity contains the vitreous body, which has a gel-like
structure. It contains 99 % water together with col-
lagen fibres in which hyaluronic acid molecules are
bound. Although the vitreous body is mainly acel-
lular, a few cells — hyalocytes — appear mainly in the
cortex. The main function of the vitreous body is the
metabolic maintenance of intraocular structures like

lens, ciliary body and retina. The vitreous body con-
sists of the cortical and the central vitreous. The cor-
tical vitreous contains more densely packed
collagen fibrils that at the peripheral border form the
hyaloid membrane. The hyaloid membrane is
attached to the retina and pars plana by condensa-
tion of collagen fibrils. The binding is tight at the
peripheral retina, along the margins of the optic disc
and around the fovea and retinal vessels. The central
vitreous is traversed by a central canal, the hyaloid
or Cloquet’s canal, representing the remnants of the
hyaloid artery in the foetal eye.

1.3 Development

1.3.1 The Eyeball

The globe as such evolves throughout life, and the
physiological changes can be observed as growth
and ageing. The anterior-posterior diameter of the
eye is approximately 16 mm at birth, reaching
around 23 mm by 3 years of age and adult size
before puberty. Details of the ocular development
are presented in resent publications [8, 11].

In the cornea the Descemet’s membrane
increases its thickness through life. In elderly
people, peripheral excrescences known as Hassall-
Henle warts develop at the posterior aspect of
the Descemet’s membrane. Central excrescences
(cornea guttata) may also appear with increasing
age (Fig. 1.22). The number of endothelial cells
decreases with age. There are approximately 4,000
cells/mm? at birth, 2,500 in middle age and 2,000 in
old age. Consequently, with age, the hexagonal
arrangement typical of young corneas is replaced
by a fewer cells with heterogeneous size and shape.
These cells have a low regenerative capacity and
decrease in number with age, and lost cells are
replaced by spreading of the adjacent cells.

The population of endothelial cells of the tra-
becular meshwork also decreases over time, and
together with the deposition of extracellular
materials in the trabeculum, the resistance to
aqueous humour outflow increases and the intra-
ocular pressure increases.

In the lens, the continuous process of prolifera-
tion and differentiation of epithelial cells from the
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Fig.1.22 Inner aspect of the
cornea in a person with Fuch’s
endothelial dystrophy. Arrows
at guttate excrescences on
Descemet’s membrane. H&E,
bar=75 pm

Fig.1.23 Drusen (arrow)
between the retinal pigment
epithelium and Bruch’s
membrane. H&E, bar=50 pm

equator and in ward continues throughout life.
The lens nucleus increases the size and transpar-
ency gradually decreases. The anterior epithelium
may disappear focally or may undergo fibrous
metaplasia (anterior subcapsular opacities) or
may migrate to the posterior subcapsular area.
Microcysts may appear in the peripheral ret-
ina immediately behind the ora serrata due to
degenerative occlusive disease in the peripheral
arterioles producing ischaemia: peripheral micro-

cystoid degeneration. Cyst may join to form a
retinoschisis in the outer plexiform layer or
a large cyst. RPE display pleomorphism and
a decrease in number. With time, the material
from the degradation of outer segment discs
gradually accumulates within the RPE as lipofus-
cin. A further, aberrant excretion of the material
takes place in the form of basal laminar deposits
and other substances at the retinal side of the
Bruch’s membrane forming drusen (Fig. 1.23).
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1.4  Congenital Abnormalities 1.4.2 Congenital Cystic Eye
1.4.1 Anophthalmia Definition

Cystic structure lined by connective tissue,
Definition pigmented cells and glial strands

Anophthalmia means, in ophthalmic pathology, a
complete lack of any ocular structures in the
orbit.

Synonyms
Anophthalmos, anopia

Epidemiology
Extremely rare. In our files at @PI-DK, there are
none.

Aetiology

Complete lack of development of the ophthalmic
vesicle in the fourth embryonic week results in a
complete lack of an eyeball or any bulbar struc-
tures in a small orbit that contains orbital fat, ves-
sels, peripheral nerves, rectus muscles (from the
mesoderm not induced by the ophthalmic vesi-
cle) and tear gland.

Clinical Features

The patient presents with rather normal eyelids
and conjunctiva in a small orbit. No ocular struc-
tures can be detected by palpation and imaging
including ultrasound, and no movements of an
eye can be discerned. Mostly, when an eye cannot
be detected clinically, anophthalmia is diagnosed.
However, the histology of orbital tissue from
such cases most often demonstrates rudimentary
eye structures, i.e. a case of microphthalmia.

Genetics

A number of genetic disturbances are known to
be involved in anophthalmia; however, these are
also bound to the presence of microphthalmia,
and since most of these studies are not based on
a very careful analysis of the content of the orbit
harbouring the anophthalmic eye, the known
gene defects are termed to cause anophthalmia/
microphthalmia. A recent review presents an
up-to-date survey [12]. Some defects are also
described under microphthalmia below.

Epidemiology
Very rare

Aetiology

At the 7.5 mm stage of the embryo, the optic ves-
icle invaginates to form the optic cup. If this pro-
cess is disturbed at this stage, the result is a
disorganised cystic structure. The content of the
cyst is glial structures, and the wall contains
scleral lamellas, muscle and fibrovascular tissue.

1.4.3 Microphthalmia

Definition
The presence of a rudimentary eye in the orbit

Epidemiology

Very rare, 1-3/10,000 live births [13]. At the
@PI-KU, we have four cases; however, the two
are associated with cysts (see below), one with
cryptophthalmia and one with a PNET tumour of
the optic nerve of that eye [14].

Aetiology

Causative chromosomal aberrations are found in
approximately 30 % of cases, and the number of
cases with known causative gene defects is
increasing [15-18].

Clinical Features

The spectrum of clinical manifestations is wide
from bilateral microphthalmia with severe cra-
nial and systemic defects like in patients with
SOX2 mutations [15, 16] to unilateral microph-
thalmia with limited systemic defects [12].

Histopathology

Histologically, the findings are very varied from
small strands of neuroepithelium and lens anlage
to small eyes with anterior segment dysgenesis,



Fig.1.24 Foetal microphthalmic eye. Eyelids are present
(a). The anterior chamber is not formed and the cornea (b)
rests against the cataractous lens (c). The sclera is formed
(d). H&E, bar=400 pm

iris coloboma, cataract retinal dysplasia and optic
disc hypoplasia (Fig. 1.24) [18].

Genetics

A large series of genetic deviations and distinc-
tive syndromes has been described with anoph-
thalmia/microphthalmia and associated
systemic findings — SOX2, OTX2, STRAG6,
BCOR, HCCS, BMP4 and SMOCI [12, 19, 20].
But also a number of other chromosomal defects
are found together with anophthalmia/microph-
thalmia like GDF6, VSX2, RAX, SHH, SIX6
and PAX6 [12, 19, 20].

1.4.4 Nanophthalmia

Definition
A small but otherwise normally composed eye

Synonyms
Nanophthalmos, dwarf eye

Epidemiology
Rare

Aetiology
Not known

Clinical Features

The eye appears with generally reduced ocular
dimensions. Especially the anterior segment
and chamber angles are involved [21]. The
most important consequence of nanophthalmia
is the thickened sclera which together with the
changes in the anterior segment makes the eyes
more prone to surgical complication like retinal
detachment, choroidal effusion and glaucoma
[21, 22].

Histopathology

The most striking feature is the thickened sclera
in which the scleral lamellas seem wavier
and are separated by an increased amount of
glycosaminoglycan.

1.4.5 Cryptophthalmia

Definition

Cryptophthalmia indicates that the eye is hidden
behind what looks like a normal facial skin, i.e.
eyelid structures cannot be identified. Behind
the skin, an eyeball may be palpated, move-
ments may be seen and rarely the child reacts
upon light through the skin in front of the orbit.
The skin covering the eye consists of facial skin
and of corneal tissue, indicating that the eye is
not normally developed, and it is not possible to
separate the skin over the eyeball from the cornea
without entering the anterior chamber. This con-
dition is very rare and is mostly combined with a
microphthalmic eye [23].

1.4.6 Synophthalmia and Cyclopia
Definition
Appearance of a single eye structure in the mid-

line of the face

Epidemiology
Very rare. At @PI-KU we have two cases on file.
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Fig. 1.25 Foetus with synophthalmus. Note the probos-
cis (asterisk) above the fused two eyes

Aetiology

Defective development of the frontal lobe of
the face is associated with a defective separa-
tion of the two ocular anlage leading to fusion
of the eyes.

Clinical Features

The face of the newborn is characteristic: the
nose and the frontal part of the upper lip are
replaced by a tubular structure — proboscis — over
the single eye that is situated in the midline of the
face (Fig. 1.25). The four eyelids surround the

Fig.1.26 Synophthalmic eye of a foetus (Fig. 1.25). Two
corneas are present separated by limbal tissue covering
the fused ciliary bodies

eye and may appear rather well developed. There
is only one incomplete orbit and severe skull base
defects behind it.

Macroscopy

In most cases, the single eye is a synophthalmic
eye, and the cornea is therefore seen as a double
structure (Fig. 1.26). The globe may have normal
dimensions and have extraocular muscles. The
optic nerve is mostly single and dysplastic.

Histopathology

The eye is very rarely a true single eye — cyclo-
pia — but is an incomplete fusion of the two
ocular anlage. Characteristically the fusion
is less complete; the more anterior in the eye
(Fig. 1.27). The two corneas are separated by
a thin line of connective tissue. The iris and
ciliary body are well developed in the periph-
eral parts, but rudimentary behind the corneal
separation. The anterior chamber has two
rooms and the lens is doubled. The sclera and
choroid appear as one structure, the retina has
a thin septum in the midline. The retina is thin
and may contain dysplastic rosettes (Fig. 1.28).
Most often there is only one optic disc and one
dysplastic optic nerve.

Prognosis and Predictive Factors

Synophthalmia and true cyclopia are followed by
other severe cerebral and cranial defects, and the
conditions are not compatible with life.
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Fig.1.27 Anterior part of
synophthalmic eye demon-
strating two lenses behind the
corneas. H&E, bar=250 pm

Fig.1.28 Posterior part of
synophthalmic eye with
retinas. The retinal septum
between the two parts is
gliotic and contains malforma-
tion rosettes (asterisks). H&E,
bar=250 pm

1.4.7 Coloboma of Iris, Choroid,

Retina and Optic Nerve

Definition

Defect in the involved tissue due to incomplete
fusion of the fissure of the optic vesicle. In this
chapter, the various colobomas, involving only parts
of the globe, are briefly described because they are
dealt with in details in their relevant chapters.

Aetiology

When the optic vesicle folds, forming the optic
cup, creating the inner and outer layers of neuro-
epithelia in the eye, the folding is eccentric giving
rise to a fissure below nasally involving also the
anterior parts of the optic disc, the foetal fissure.
Along the fissure the two neuroepithelial layers
fuse. Defects in fusing of the foetal fissure result in
coloboma formation. In the fissure, the inner layer
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of the vesicle creates an everted cystic fold. In
some cases of coloboma formation, this tissue is
entrapped in the coloboma, giving rise to a glial
scar and cyst formation.

1.4.7.1 Iris Coloboma

The coloboma involves all iris structures. The
shape of the defect is like a rounded V pointing
downwards and a little nasally. The pigment
pupillary rim is missing in the coloboma and the
sphincter function may be defective.

Histology
At the edges of the coloboma the iris structures
are rounded, but no scarring is observed.

1.4.7.2 Retino-Uveal Coloboma

The lack of retinal tissue and RPE in the area of
the coloboma induces a lack of normal formation
of uveal tissue in the coloboma region. Therefore,
the defect appears as a white lesion at ophthal-
moscopy and at sectioning of the eye. The sclera
is not missing in the coloboma area.

Histology

At the centre of the coloboma, the naked sclera
is observed. Near the rim of the coloboma glial
strands of the inner retina are found they repre-
sent the everted non-fused parts of the foetal
fissure. Where normal retina appears outside
the coloboma, it is followed by normal RPE and
choroid.

1.4.7.3 Optic Disc Coloboma

Typically, the coloboma is located downwards in
the disc extending through the lamina cribrosa to
the optic nerve. The colobomatous defect may be
partly filled with glial tissue.

Histology

At the rim of the coloboma, towards the retina,
a complete lack of nerve fibres is observed, and
the adjacent retina is dysplastic with rosettes; the
RPE is missing. Inside the coloboma the normal
disc structures are replaced by randomly arranged
glial strands.

1.4.8 Microphthalmia with Cyst

Definition

In rare cases, the coloboma mainly involves
the outer layer of the optic vesicle — the RPE to
be — and the consequence is the formation of a
microphthalmic eye with a defect of the sclera
and/or optic nerve downwards and posterior
through which a cyst from the inner layers of
optic vesicle is formed.

Synonyms
Microphthalmic eye with cyst, cystic microph-
thalmic eye

Epidemiology

Very rare. At the @PI-KU, we have collected four
cases through 100 years; and less than 150 cases
have been described in the literature, and only
one third of them were bilateral [24].

Clinical Features

The cyst may be very small and the eye only
slightly disturbed if the coloboma is limited.
With larger coloboma the cyst involves all ocular
layers and the optic vesicle, and the eye is clearly
microphthalmic clinically. Microphthalmia with
cyst is most often monolateral; however, bilateral
cases have been documented [24, 25]. Typically
the child present at birth with closed eyelids.
The inferior eyelid appears expanded and blue
(Fig. 1.29). Clinically an orbital bleeding or a
tumour is suspected. Examination in general
anaesthesia reveals the microphthalmic eye under
the orbital roof (Fig. 1.30), and imaging demon-
strates the small eye in connection with a cyst
(Fig. 1.31).

Histopathology

The eye appears microphthalmic; however,
changes are dependent of the localisation of the
defect in the fissure from where the cyst develops.
If the defect is posterior, involving only the most
posterior part of the retina and extending down
into the optic nerve, the intraocular structures
may be rather normal. If the defect is anterior, the



21

Fig. 1.29 Newborn child with bilateral microphthalmic
eyes with cysts. The inferior eyelids are expanded by the
cysts giving the clinical impression of orbital haemorrhages

Fig. 1.30 Preoperative view of the right orbit. The
microphthalmic eye is pushed up under the orbital roof

Fig. 1.31 Ultrasound scans of an orbit with a microph-
thalmic eye with cyst. The small eye (a) is seen above the
large cyst (b)

intraocular structures are severely disturbed and
the eye is without any visual capacity. The cyst
itself is composed of gliotic retinal tissue cov-
ered with a thin layer of connective tissue — a thin
sclera layer (Fig. 1.32). The glial tissue does not
contain RPE cells but may have ganglion cells.

Differential Diagnosis
Other types of microphthalmia

Genetics

Extraocular malformations have been found
more frequently with bilateral than with monolat-
eral cases [26].

Prognosis and Predictive Factors

Microphthalmic eyes with cysts are mostly
removed early because the cyst tends to grow and
cause problems. However, in a few cases, surgery
has successfully been performed removing the
cyst and closing the defect towards the eye/optic
nerve. In one such bilateral case, one of the eyes
has even obtained a visual acuity of 0.1 [25].

1.4.9 Anterior Cleavage Syndrome

Definition
Defective formation of the anterior chamber

Aetiology

The surface ectoderm covering the optic cup is
the future corneal epithelium. Neural crest cells
migrate to fill the space between the surface ecto-
derm and the optic cup. This tissue gives rise to
all tissues around the future anterior chamber.
Defective separation leads to the various aspects
of the anterior cleavage syndrome which are
described in the cornea chapter (see also pages 85
and 206).

1.4.10 Buphthalmia

Definition
Large cloudy cornea present at birth in a glauco-
matous eye
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Fig.1.32 Cyst wall from
microphthalmic eye with cyst.
In some areas the glial wall
contains ganglion cells.
S-100 stain, Bar=100 pm

')

Epidemiology

Rare. Approximately half of the cases of congenital
and early childhood glaucoma are hereditary, non-
syndrome-linked primary open-angle glaucoma due
to malformations in the drainage system.

Aetiology

During the formation of the anterior chamber dis-
turbances in the formation of the chamber angle
may lead to partial closing the angle, dys- or aplasia
of Schlemm’s canal, malpositioning of the scleral
spur and defective trabeculum [27]. The result of
these changes may be an increased intraocular pres-
sure due to insufficient drainage of the aqueous
humour during the intrauterine period. Since the
foetal cornea, in contrast to the adult cornea, can
distend in response to pressure, the result is a large
cornea (as in oxen) that is cloudy due to oedema.

Macroscopy

The eye is often larger in all dimensions than
according to age. The cornea has diameters
>12 mm. The corneal stroma is opaque.

Histopathology

The main findings are as follows: The corneal epi-
thelium is irregular and Bowman’s layers may be
partly missing, often due to a calcifying bandular
keratopathy (Fig. 1.33). The stroma is oedematous.

There may be ruptures in Descemet’s membrane
and partial loss of the endothelium. The trabecular
meshwork is hypoplastic, Schlemm’s canal is par-
tially missing and retro displaced, the iris stroma
may attach anteriorly to the trabeculum and the
iris and ciliary body are atrophic. In the posterior
part of the eye, classic changes related to glau-
coma may be found like retinal atrophy and cup-
ping of the optic disc (see also page 206).

1.4.11 Chromosomal Abnormities
Involving the Eyeball

An immense number of chromosomal abnormi-
ties involve the eyeball. Classically trisomy
13-15, 16-18 and 21 and defect 5 are presented
[28]. To the general pathologist this is of little
importance since they are all rare and the defects
are often known when the eyes are to be investi-
gated in specialised pathology laboratories.

1.5 Inflammation

Ocular inflammation may involve one or more
of the tissues of the eyeball. Only inflammation
involving all intraocular structures or the com-
plete eyeball is described in this chapter. The gen-
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Fig. 1.33 (a) Buphthalmic eye with a large opaque cornea. (b) Histologically a bandular keratopathy with epithelia