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Abstract

Eye colour is one of the most important

characteristics in determining facial

appearance. In this paper I shall discuss the

anatomy and genetics of normal eye colour,

together with a wide and diverse range of

conditions that may produce an alteration in

normal iris pigmentation or form.
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Introduction

Normal eye colour and pigmentation of the iris

The anatomy of iris pigmentation. Anatomically

the iris is composed of two layers of different

embryological origin. The anterior layer is the

iris stroma, which is derived from the

mesoderm and consists of a loose collagenous

network, which contains the sphincter pupillae

muscle, blood vessels, nerves, and cellular

elements, including fibroblasts, melanocytes,

clump cells, and mast cells. The anterior border

layer is a condensation of connective tissue of

the anterior stroma and contains numerous

pigment cells. Iris stromal, ciliary body, and

choroidal melanocytes are all derived from the

neural crest, a transient population of cells,

unique to vertebrates.1,2 Uveal melanocytes

differ from their cutaneous counterparts in one

important respect: cutaneous melanocytes

‘inoculate’ melanosomes into the surrounding

epithelial cells; by contrast, uveal melanocytes

remain continent and do not release

melanosomes into the surrounding tissues. The

posterior pigment epithelium forms the

posterior layer and is neuroectodermal in

origin. The posterior pigment epithelium is

derived from the anterior portion of the

optic cup. It consists of two layers of

cuboidal pigment cells, which are tightly

joined to each other by numerous intercellular

junctions.1,2

It is believed that there are four main factors,

which determine iris colour: the pigment

granules within the posterior pigment

epithelium, the concentration of pigment within

the iris stromal melanocytes, the nature of

melanin pigment within the iris melanocytes,

and the light-scattering and absorption

properties of the extracellular stromal matrix.3,4

It is generally considered that the concentration

of melanosomes in the posterior pigment

epithelium is relatively constant in normal

individuals and as a result it has little impact

differences in normal eye colour. The posterior

pigment epithelium is only an important

determinant of eye colour when it is deficient in

normal melanosomes in conditions such as

albinism.

The density of the iris stroma is the main

determinant of colour in blue irides. The blue

appearance is a result of backscatter of incident

light by stromal collagen fibres. Light of longer

wavelength readily penetrates the iris and is

absorbed, whereas light with a shorter

wavelength is reflected back and scattered by

the stromal matrix.2,3 The pigment content of

the iris stroma and anterior border layer is

responsible for determining all of the shades of

iris colour from green to dark brown. Increasing

pigment within the iris stroma leads to greater

light absorption and the resulting darker eye

colour.3 While increasing stromal pigment

content undoubtedly influences iris colour,

some controversy still remains as to whether

this is due to an increased number of pigment

cells, the density of pigment within the cells

(melanosome density in size), or the type of

melanin contained within the melanosome.
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Although studies by Fuchs5 and Dietrich6 supported the

notion that the number of melanocytes in the anterior

border layer accounted for the differences in iris colour,

other studies have concluded that the number of

melanocytes within the anterior border layer are

relatively constant, irrespective of eye colour.7

Further studies using electron microscopy and

immunohistochemistry to examine the morphology and

quantity of stromal melanocytes have again concluded

that the relative numbers of these cells is not a major

determinant to iris colour.3,8,9 It would appear based on

the electron microscopy of the iris stroma that the

number and size of melanosomes contained within

melanocytes may have a significant role in determining

eye colour.8,9

Melanin is an inert biopolymer that exists in two

distinct forms: brown-black eumelanin and red-yellow

pheomelanin. Melanocytes have the capacity to produce

both forms of melanin; however, the ratio of the two

forms can vary widely in individuals, producing

different shades of hair and skin colour.10 In a recent

study Prota et al4 characterised the type of melanin,

which occurred in human irides. They concluded that the

melanocytes within the posterior pigment epithelium

contained essentially eumelanin, whereas those extracted

from iris tissue in which the pigment epithelium had

been removed by scraping (consisting of mainly stroma

and anterior iris pigment epithelium (IPE)) contained

both eumelanin and pheomelanin. Furthermore, they

noted that pheomelaninic-type pigmentation was

associated with green irides, whereas green blue mixed

colour irides contained mostly eumelanin. By contrast,

they were unable to categorise green-brown or brown

irides into either of the two forms and concluded that

they probably contained mixed pigment content.

The final adult iris colour is not present at birth, and in

Caucasians the neonatal iris is blue as a result of a

paucity of stromal melanocytes, which, presumably, have

yet to migrate from the neural crest or differentiate from

the primitive precursor cells. In non-White races the iris

appears slate grey at birth. The iris normally adopts its

true adult colour by the age of 3–5 months.1

The genetics of eye colour. In the first decade of the 20th

century two reports appeared in the literature, which

supported the notion that eye colour was inherited as a

simple Mendelian trait.11,12 Brown eye colour was

inherited as a dominant trait and blue eye colour as a

recessive one, and, as a result, two blue-eyed parents

were incapable of producing children with brown eyes.

Although this doctrine was widely taught, it soon

became apparent that occasionally blue-eyed parents

could produce brown-eyed offspring and that eye colour

was not inherited as a simple Mendelian trait.13 Indeed,

recent studies suggest that eye colour is inherited as a

polygenic trait, which, as yet, is incompletely

understood.

A number of pigment genes have been implicated in

determining eye colour: these include OCA2, TYRP1,

MAPT, and MYO5A.10 Of these, the OCA2 gene,

which is located in the long arm of chromosome-15

(15q11.2–15q-12) would appear to be the most

influential.14 Mutation of OCA2 is the underlying cause

of oculocutaneous albinism type-II. Moreover, deletion of

the region encompassing this gene on chromosome-15

has been associated with the hypo-pigmentation of hair,

skin, and eyes found in the Angelman and Prader–Willi

syndromes.15 Duffy et al15 have recently reported that a

Three-Single-Nucleotide polymorphism haplotype in

intron-1 of the OCA2 gene can explain most of the

variation in human eye colour.

Congenital anomalies and abnormalities of iris

pigmentation

Binocular and sectorial heterochromia. Although, as we

shall see later, both binocular and sectorial heterochromia

are frequently associated with pathological conditions

affecting the iris, they may, on occasion, arise as an

isolated congenital abnormality.16 Sectorial

heterochromia (heterochromia iridis) arises when areas

of the same iris are different in colour. This condition

may be unilateral or bilateral. Several reports in the early

literature suggests that this condition may arise as an

autosomal dominant trait.16 It remains uncertain as to

whether any of these early reports were in fact describing

patients with Waardenburg syndrome. Moreover,

sectorial heterochromia may be confused with an

extensive iris naevus. Recently, bilateral sectorial iris

heterochromia has been described in a case of

chromosome 13q deletion syndrome.17

Binocular heterochromia (heterochromia iridum) has

been recognised, in both humans and animals, from the

very early times and was referred to as ‘heteroglaucos’

by Aristotle.16 The Byzantine Emperor Anastasius I was

called Dicorous because, according to chroniclers, his

right eye was ‘glauci’ (bluish green or bluish grey) and

the left eye black. Both eyes were apparently normal in

all other respects. Anastasius I was over 90 years old

when he died and this would suggest that he was not

suffering from any systemic disease or syndrome, which

would have normally foreshortened his lifespan.18

According to Plutarch, Alexander the Great also suffered

from heterochromia iridum.16 Binocular heterochromia

may arise as an isolated congenital anomaly or as an

autosomal dominant trait.16 Heterochromia iridum has

also been reported in association with Sturge–Weber

syndrome,19 hypomelanosis of Ito,20 and linear
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scleroderma.21 Recently, Quinlan and Shwayder22

reported a case of a large facial café au lait macule in

association with heterochromia iridum. The macule was

extensive and involved both the upper and the lower

eyelids. The patient had one blue and one brown iris.

Interestingly, the blue iris was on the same side as the

café au lait macule. Heterochromia has also been

described in association with iris colobomas. In a study

of 75 children in Scotland with iris colobomas, 13 (17.3%)

of these patients were noted to be suffering from iris

heterochromia. In cases where the coloboma was

unilateral, the affected iris was always darker in colour.23

Congenital Horner’s syndrome. In 1893 Angelucci noted a

de-pigmentation of the uveal tract of dogs and rabbits,

which had been subjected to surgical excision of the

superior cervical ganglion,16 and in 1904 Abelsdorff24

noted heterochromia in cats following similar

procedures. Subsequently, Calhoun in 191925 reported a

series of experiments on rabbits and rodents in which he

noted that hypo-pigmentation of the iris was related to

the length of survival after sympathectomy. Clinically,

the association of congenital Horner’s syndrome and iris

de-pigmentation, producing heterochromia, is well-

recognised. Weinstein et al26 found iris heterochromia in 9

of 11 patients with congenital Horner’s syndrome and in

all cases the site of the lesion was considered to be due to

disruption of the postganglionic neurone. In one of the

remaining patients, both irides were very light blue,

making the diagnosis of heterochromia impossible. The

final patient did not suffer from heterochromia and was

considered to have an interruption of the pre-ganglionic

pathway. They considered that disruption of the

postganglionic pathway could lead to a neurotropic

dysgenesis of iris melanocytes.26 In a further study of 23

children presenting with Horner’s syndrome in the first

year of life, 78% were found to have iris heterochromia.27

Although less common, it would appear that cases of

acquired Horner’s syndrome in childhood and adult life

may occasionally also give rise to iris heterochromia.

Laties28 reported a case of a 29-year-old female who had

developed Horner’s syndrome, with associated

heterochromia, following the removal of a

neurolemmoma when aged 14. Diesenhouse et al29

subsequently reported two cases of Horner’s syndrome

following sympathectomy, which were associated with

the development of iris hypo-pigmentation. A number of

reports in the literature have also indicated the

development of iris heterochromia in children who

develop Horner’s syndrome as a result of either a

cervical ganglioneuroma,30 neurolemmoma,31 or

neuroblastoma.32,33 Again, it is interesting to note that in

all cases of heterochromia-associated acquired Horner’s

syndrome, the causal lesion was postganglionic in origin.

The development of iris hypo-pigmentation following

disruption to the postganglionic sympathetic fibres to the

eye clearly suggests that adrenergic innervation is

important in the maintenance of iris pigmentation.

Laties28 in a study of the effect of sympathectomy in

rabbits, noted a rapid reduction in tyrosinase activity in

both the iris and the choroid following interruption to the

sympathetic innervation of the eye. Furthermore,

Mukuno and Witmer34 in an electron microscopic study

of the human iris, identified contacts between

melanocytes and nerve terminals in the stroma. They

described four distinct types of nerve terminals

apparently making synaptic contact with melanocytes

and concluded that at least two of these were adrenergic

in origin. Adrenergic innervation of melanocytes has also

been reported in the iris of monkeys and rabbits.35

McCartney et al36 undertook an electron microscopic

study of an iris in a case of congenital Horner’s

syndrome. They noted a significant reduction in

melanocytes in both the anterior border and stromal

layers when compared with the unaffected iris. The

number of melanosomes in the residual melanocytes did

not appear to be reduced. The authors concluded that the

reduction in melanocytes in the anterior border and

stromal layers may have been due to failure of migration

of neural crest-derived melanocytes in the early postnatal

period. Iris hypo-pigmentation in cases of Horner’s

syndrome in adult life could be due to an attrition of the

normal monocyte population following sympathetic

denervation.36 Interestingly, three naevi were present on

the surface of the affected iris and these showed no signs

of pigment loss: a finding also noted by Dryja and

Albert37 in a clinical study of an affected iris. These

findings suggest that naevus cells do not share the same

sympathetic innervation as stromal melanocytes.

Waardenburg syndrome. In 1947 Waardenburg, a Dutch

ophthalmologist and geneticist, described a deaf mute

man with medial canthal dystopia, blepharophimosis,

and partial iris atrophy to a meeting of the Dutch

Ophthalmological Society.38 He noted similarities in this

case and those previously described in a pair of

monozygotic twin girls.39 Waardenburg subsequently

undertook a systematic search among 1050 inmates of

five Dutch institutions for the deaf; he found 12

individuals with clinical manifestations of the

disease.38,40 The results of this study were published in a

seminal paper in the American Journal of Human Genetics

in 195141 and define the syndrome now known as

Waardenburg syndrome type-I, which had six main

features: lateral displacement of the medial canthi

combined with dystopia of the lacrimal punctum and

blepharophimosis; prominent broad nasal root;

hypertrichosis of the medial part of the eyebrows, white
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forelock, heterochromia iridis; and deaf-mutism.40,41

There are now four recognised variants of Waardenburg

syndrome (types I–IV) all of which are inherited by an

autosomal dominant trait, with the exception of

Waardenburg syndrome type-IV, which appears to have

a mostly autosomal recessive mode of inheritance.38

Mutations of the PAX3 gene have been implicated in

Waardenburg syndrome types I and III, whereas

approximately 15% of type-II have mutations of the MITF

gene.40 Mutations of the endothelin-3 (EDN3), endothelin

receptor-B (EDNRB), and SOX10 genes have been found

in patients with Waardenburg syndrome type-IV.40,42

PAX3, MITF, and SOX10 are transcription factors and

EDNRB and EDN3 are signalling molecules, all of which

appear to have a role in the development of melanocytes

from primitive neural crest cells.43,44

Three types of pigmentary disturbance of the iris have

been observed in Waardenburg syndrome and include

complete heterochromia iridis, partial, or segmental

heterochromia (Figure 1a), which maybe unilateral or

bilateral, and bilateral isohypochromia iridis (pale blue

eyes).38,40 Iris heterochromia, either partial or complete, is

found in between 21 and 28% of individuals with

Waardenburg syndrome40 and appears to be most

common in the type-II variant, with a reported frequency

of 47%.45 Isohypochromia iridis has a reported incidence

of 14.9–42%.40

Histopathological studies of the irides of patients with

Waardenburg syndrome are limited. Mullaney et al 46

described the light and electron microscopic findings of

the irides in a patient with the type-II variant of

Waardenburg syndrome. They found a reduction in the

number of stromal melanocytes in deep blue iris when

compared with the fellow brown eye. Furthermore, the

melanosomes were smaller and fewer in number in the

blue iris when compared with the brown iris.46

Iris freckles. Iris freckles are flat, discrete areas of brown

pigmentation on the iris surface. They do not distort the

architecture of the iris stroma: an important clinical sign

Figure 1 (a) Sectorial pigmentation in Waardenburg syndrome. (b) Lisch nodules in neurofibromatosis type-I. Note the predominant
inferior location. (c) Anterior stromal cyst containing a turbid sediment. (d) Multiple posterior pigment epithelial cysts. This patient
presented with raised intraocular pressure. Note the plateaux iris configuration. (e) A large iris metastasis in a patient with an occult
bronchiogenic carcinoma. (f) A peripheral iris melanocytoma.
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when differentiating them from naevi and other

melanocytic tumours of the iris. Iris freckles are

extremely common and may be found in over 60%

of the general population.47 There is no evidence to

suggest that iris freckles are capable of malignant

transformation.

Lisch nodules. In 1937 Karl Lisch48 reported his

observations of brown nodules on the surface of the iris

in three patients with neurofibromatosis and as a result

such lesions now bear his name. However, as is the case

with many medical eponymous terms, Lisch was not first

to describe the presence of pigmented iris nodules in

neurofibromatosis. Snell and Treacher Collins,49

Goldstein and Wexler,50 Fuchs,51 and Sakurai52 all

describe similar patients prior to Lisch. Moreover, Van

der Hoeve53 in his 1932 Doyne Memorial lecture on the

eye symptoms in phakomatoses described a family with

neurofibromatosis and iris lesions originally observed by

Waardenburg. Although not pathognomonic, Lisch

nodules rarely occur in patients not suffering from

neurofibromatosis type-I. Lal et al54 reported a case of

unilateral Lisch nodules in a 14-year-old boy who

otherwise had no other signs of NF1. They commented

that this could represent a somatic mutation of the NF1

with limited mosaicism, perhaps limited to only that

sector of the iris. Lisch nodules have also been described

in Cushing’s disease,55 familial angiolipomatosis,56 and

neurofibromatosis type-II.57

Lisch nodules are not present at birth and usually

appear in the late childhood, after the appearance of café

au lait spots but before the development of overt

neurofibromas.58 Almost all patients with NF1 older than

20 years of age will have Lisch nodules.59 Clinically, Lisch

nodules are small (41 mm diameter) discrete yellow or

brown, dome-shaped nodules on the surface of the iris.

They usually have a smooth surface with a gelatinous

like interior. While the finding of two or more

Lisch nodules is one of the diagnostic criteria for NF1,

most affected irides contain many more and

occasionally in excess of a hundred are found to be

present in the adult eye.58

Early histopathological studies suggested that Lisch

nodules were melanocytic hamartomas. In 1982 Perry

and Font described the electron microscopic appearances

of Lisch nodules in an iridectomy specimen obtained

from a 75-year-old male suffering from NF1. They found

that the nodules were composed of spindle-shaped cells,

which were melanocytic in origin, and based on these

observations they suggested that they were indeed

melanocytic hamartomas.60 Williamson et al61 in a further

electron microscopic study also suggested that Lisch

nodules were melanocytic in origin. However, more

recent observations have cast doubt on the

hamartomatous nature of these lesions and suggest that

they should be considered as benign iris tumours.

Richetta et al62 studied the histopathological and

ultrastructural features of a Lisch nodule obtained from a

50-year-old woman with NF1 and found that it was

composed of three main cell types: pigmented cells,

fibroblast-like cells, and mast cells. They concluded

that Lisch nodules were histologically similar to

neurofibromas. Clinical studies have also challenged the

concept that Lisch nodules are true hamartomas. Nichols

et al63 in a study of 369 patients with NF1 noted that in

80% of affected eyes the Lisch nodules were located

inferiorly. Wood et al64 reported a single case of inferiorly

located Lisch nodules in a patient suffering from bilateral

ptosis. In a recent study Boley et al65 mapped and

quantified the distribution of Lisch nodules in 73 adults

with NF1 and found that the number of nodules in the

inferior hemifield was statistically greater when

compared with the superior hemifield (Figure 1b). They

also noted that the light irides harboured significantly

more Lisch nodules than the dark irides. These findings

suggest that Lisch nodules may arise secondary to

exposure to UV light from sunlight for it is thought that

the lower half of the iris receives a greater amount of

incident sunlight than the upper hemifield.66,67 Indeed, as

we shall see later, iris melanomas are also usually located

in the inferior hemifield. If UV exposure is a factor in the

development of Lisch nodules, then this presumably is due

to DNA damage, which would suggest that these lesions

are benign tumours rather than true hamartomas. Although

elements of this argument are persuasive, it does not

explain why these lesions are homogeneous in appearance,

fail to continue to grow throughout life, and apparently

do not undergo occasional malignant transformation as

would be expected with other benign tumours.

Ocular/oculodermal melanocytosis. In 1861 Hulke68 reported

a case of a uveal malignant melanoma arising in a female

patient who was noted to have pigmentation of the

eyelid, eyebrow sclera, and fundus. A number of

sporadic cases involving pigmentation of the peri-ocular

skin, sclera, and conjunctiva subsequently appeared in

the literature69 before, in 1938, Ota70 at a meeting of the

dermatological society in Japan, described the condition,

which now bears his name. The following year Tanino71,

Ota’s pupil, published a report of 26 cases of Naevus of

Ota. Fitzpatrick et al72 first proposed the term

oculodermal melanocytosis for Naevus of Ota and ocular

melanocytosis for pigmentation of the ocular tissues in

the absence of an associated peri-ocular naevus. It is now

apparent that these conditions represent a spectrum of

congenital pigmentation involving the skin and/or

ocular tissues. In a study by Teekhasaenee et al73 of 194

affected patients, they found that 67 (34.5%) had skin
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involvement alone, 12 (6.2%) had only ocular

involvement, and the remaining 115 (59.3%) had both

ocular and dermal pigmentation.

Histologically, the cutaneous elements of oculodermal

melanocytosis contain spindle and dendritic cells in the

dermis resembling melanocytes migrating from the

neural crest to the epidermis.74 In this respect

oculodermal melanocytosis is similar to Mongolian spot,

naevus of Ito, and blue naevus. Histopathological studies

of affected eyes have shown the presence of pigmented

stellate melanocytes distributed throughout the sclera

and episcleral tissues together with increased numbers

of benign plump dendritic monocytes within the

choroid.75–77 An ultrastructural study of an affected iris

demonstrated the presence of numerous melanocytes in

the anterior border and iris stromal layers. Many of these

melanocytes, in addition to a normal-sized melanosomes,

contained large round macromelanosomes, which

probably reflects a basic defect in melanogenesis within

the cells.77

Naevus of Ota together with naevus of Ito and

Mongolian spot have been classified as hamartomatous

congenital dermal melanocytoses involving the

migration of neural crest-derived melanocytes during

embryogenesis.74 Indeed, it has been suggested that

Naevus of Ota arises as a result of an arrest in the

migration of neural crest melanocytes, which leads to the

aggregation of these cells in the dermis.78 While this

hypothesis provides a plausible explanation for the

presence of melanocytes within the affected dermis, it

does not explain the excessive numbers of melanocytes

found within the ocular tissues. Other explanations

include local changes in the embryonic environment,

which leads to the preferential differentiation of

migrating neural crest cells into a melanocytic

phenotype.79 Whatever the precise explanation, there can

be little doubt that ocular and oculodermal

melanocytosis arise as a result of a perturbation of

migrating neuro crest melanocytes.

Oculodermal melanocytosis is apparent at or soon

after birth; in over 50% of cases it is almost always

manifest by the end of the second decade of life.73,80

Ocular melanocytosis (Naevus of Ota) is more common

in Orientals than in Caucasian or Black individuals.

Studies in Japan have reported a prevalence ranging

from 0.4 to 0.84%.81 In a study to determine the

prevalence rate of ocular and oculodermal melanocytosis

Gonder et al81 found the prevalence of ocular

melanocytosis in White individuals to be 0.038% and

oculodermal melanocytosis in the Black population to be

0.014%. Oculodermal melanocytosis is generally

considered to occur more frequently in females. Hidano

et al80 reported that oculodermal melanocytosis occurred

five times more frequently in women than in men.

However, other investigators have suggested that this

apparent predilection for females may be distorted by the

fact that women may be more likely to present to

dermatology clinics as a result of their cosmetic

appearance than males.73 Oculodermal melanocytosis is

usually a unilateral, although sporadic cases of bilateral

involvement have been reported in the literature.82–88 The

vast majority of cases of ocular or oculodermal

melanocytosis are sporadic in nature and only rarely

have familial cases been reported in the literature.89–92

Clinically, oculodermal melanocytosis is characterised

by a bluish-grey pigmentation88 involving areas of skin

innervated by the first and the second divisions of the

trigeminal nerve. Occasionally, there may be

pigmentation of the eardrum, buccal mucosa, palate,

nasopharynx, and leptomeninges.78,93 A number of

ocular tissues may be involved, including the

conjunctiva, episclera, cornea, iris, lens, anterior chamber

angle, choroid, and optic disc.73 The episclera is almost

always involved and may range from relatively discreet

bluish spots to confluent dark mottled patches, which are

dispersed randomly on the globe, but usually do not

involve the limbus.73 Episcleral blood vessels crossing

the involved areas are frequently separated from the

pigmentation by a narrow, non-pigmented band. Hyper-

pigmentation of the choroid producing a dark fundus

when compared with the fellow eye is found in

approximately 80% of cases.73 Iris involvement, which

may be generalised or sectorial, is present in almost 90%

of cases. The degree of iris involvement is variable and

ranges from the presence of stellate granules on an

otherwise normal iris to a dense uniform pigmentation,

which obscures the underlying iris architecture.73 Iris

mammillations, which appear as regularly spaced, deep

brown, smooth, conical elevations that cover the iris

surface giving it a velvety appearance to the naked eye,

are found in cases of ocular and oculodermal

melanocytosis.94 These changes may be the initial

manifestation of ocular melanocytosis in the absence of

conjunctival or episcleral pigmentation.95 Iris

mammillations are not exclusive to ocular melanocytosis

and have been observed sporadically or in association

with systemic conditions, including phakomatosis

pigmentovascularis type-IIb and neurofibromatosis

type-I.94 Rarely, iris mammillations may be familial.96

Ocular and oculodermal melanocytosis have been

reported in association with a number of ocular

conditions, including; glaucoma,73,97–103 retinitis

pigmentosa,104 congenital cataract,105 and Duane’s

syndrome.106 However, there can be little doubt that the

most important association is the development of uveal

melanoma in the eyes involved by these conditions.

There have been numerous reports in the literature since

the first description by Hulke68 of the development of
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uveal melanomas in cases of ocular and oculodermal

melanocytosis.75,76,86,95,107–135 Singh et al136 estimated the

lifetime risk of a patient with ocular or oculodermal

melanocytosis of developing a uveal melanoma to be

approximately 1 in 400 as compared with 1 in 13 000 for

the general population. This represents an approximately

30-fold increased risk. Ninety percent of the patients who

developed a melanoma did so between the ages of 31 and

80 years. There have been relatively few reports of iris

melanomas developing in the context of ocular or

oculodermal melanocytosis, which probably reflects a

relative rarity of these tumours when compared with

posterior uveal melanomas.113,132,134,135

Iris cysts

Primary iris stromal cysts. Primary iris stromal cysts are

rare, with the majority of reports in the literature limited

to single case studies.137–181 Clinically, primary iris

stromal cysts appear as dome-shaped translucent masses

arising from the mid or peripheral surface of the iris.

They may appear lobulated and usually contain a clear or

slightly turbid fluid, although occasionally they may

contain a sediment of white or yellowish material

resembling a hypopyon within the cyst155,171 (Figure 1c).

The majority of cases are diagnosed within the first year

of life, with occasional cases reported in adults.155 This

condition appears to be unilateral in that the author is

unaware of any reports of bilateral involvement. In most

cases a stromal cyst arises in the inferior or temporal

aspect of the iris.155 In general, primary iris stromal cysts,

particularly in children, undergo progressive

enlargement, which may lead to visual loss when they

encroach upon the visual axis.155 Rarely, spontaneous

collapse or regression of a stromal cyst has been

reported.156,176,177 Focal corneal oedema may arise as a

result of contact between the stromal cyst and the corneal

endothelium.137,142,161,163 Raised intraocular

pressure,159,163,172,173 hyphaema137 iritis, and subluxation

of the lens163,167,171,173–175 have been found in association

with primary iris stromal cysts.

Although primary iris stromal cysts may develop in

adults, they are generally considered to be congenital in

origin. Stromal cysts, which arise later in life, have

probably been dormant and become apparent as the

result of an accumulation of fluid within the cyst,

triggered by an unknown stimulus.170 The precise

aetiology of primary iris stromal cysts remains unclear

and proposed mechanisms include developmental

entrapment of surface ectoderm, neuroectoderm, or

surface ectodermal implantation as a result of occult

trauma.163 Histologically, primary iris stromal cysts

are lined with a multi-layered squamous or

cuboidal epithelium, which may or may not contain

mucin-secreting goblet cells.138,139,142,163,168–170,173,174,178,179

Occasionally, focal keratinisation of the epithelial lining

has been observed.170,180 Immunohistochemical studies

have demonstrated a positive reaction for epithelial

cytokeratin markers and a negative result for the S100

antigen.159,163,166,170 Electron microscopic studies have

shown the presence of microvilli on the luminal surface

of the epithelial cells together with desmosomes and

tonofilaments.163,166,170,178 These studies support the

notion that primary iris stromal cysts originate from the

surface ectoderm, displaced probably at the time of

formation of the lens vesicle.170 Rummelt et al182 reported

two cases of congenital epithelial iris cysts in children

who had a maternal history of diagnostic amniocentesis.

In one case a perforating limbal scar with a

corresponding break in a Descemet’s membrane was

observed. Lois et al155 in a series of 17 patients with

primary iris stromal cysts noted a history of diagnostic

amniocentesis in two patients. However, in neither case

was there any sign of a penetrating injury to the eye. It

would appear that while diagnostic amniocentesis is a

possible cause of congenital stromal iris cysts, the

majority of cases occur in the absence of any obvious

intrauterine trauma.

A wide range of modalities have been used to treat

symptomatic primary iris stromal cysts, including simple

aspiration,155,171 and injection with trichloroacetic acid,158

xenon photocoagulation,158 neodymium-YAG laser,164,171

argon laser photocoagulation,155,181 cryotherapy,155,181

iridectomy,158,142 and block excision.160,180 Unfortunately,

re-occurrence following treatment, particularly simple

puncture either surgical or laser, is common and

prognosis for vision, particularly in young children

where amblyopia may be a problem, is often poor.

Recently, Shen et al144 reported a promising surgical

technique by using a viscoelastic material to dissect the

cyst from the corneal endothelium, followed by

aspiration of the cyst, excision, and micro-diathermy.

Posterior cysts. Primary cysts of the IPE or ciliary body

have been recognised for over a century.183 In 1897

Zimmerman183 reported a case of bilateral pigmented

tumours, which he considered to be ciliary body cysts.

Following this report, a number of case reports appeared

in the literature noting the appearance of cysts of either

the ciliary body or IPE.184–187 Although initially

considered as separate entities, it would now appear that

the majority of cysts of the IPE and ciliary body arise

from the irido-ciliary sulcus or pars plicata, and should

best be considered as irido-ciliary cysts (vide infra).

Historically, irido-ciliary cysts were considered to be rare;

however, with the advent of the ultrasound

biomicroscope it is now recognised that small

asymptomatic cysts are extremely common and that only
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a small proportion of them attain sufficient size or

number to become clinically apparent. Recently,

Kunimatsu et al188 in a prospective study of 232 eyes of

116 normal subjects by using an ultrasound

biomicroscope found evidence of irido-ciliary cysts in

54.3% of patients.

In 1981 Shields140 reported a study of 62 patients

with primary iris cysts, of which 59 were considered

to have arisen from the posterior pigment epithelium.

He classified the pigment epithelial cysts into five

groups: central, mid-zonal, peripheral, dislodged into the

anterior chamber, and dislodged into the posterior

chamber. In a subsequent study using the same

classification, Lois et al189 reported the clinical features

and the natural course of primary cysts of the IPE in 234

patients. They found central (confined to the pupillary

margin) in three patients (6%), mid-zonal cysts in 50

patients (21%), peripheral in 170 patients (73%), and

dislodged in eight patients (3%). However, less than

10% of these patients underwent an ultrasound

biomicroscope examination to confirm the extent and the

posterior origin of the cysts. Subsequent studies using

ultrasound biomicroscope would suggest that both

peripheral and mid-zonal cysts originate from the irido-

ciliary sulcus.190,191 Indeed, in the author’s personal

experience, all large cysts involving the mid-zone appear

to arise from the irido-ciliary sulcus. It is probable that

the majority, if not all, of pigment epithelial cysts (with

the exception of those that have become detached and

now float in either the vitreous or aqueous) arise either

from the pupil margin or the irido-ciliary sulcus.

Moreover, as we shall see, the aetiology of these two

groups appears to be quite distinct.

Although the majority of small peripheral pigment

epithelial (irido-ciliary) cysts are asymptomatic, large

cysts can cause focal abnormalities of the iris, which may,

on occasion, stimulate an ocular neoplasm. Sadly, prior to

the advent of the ultrasound biomicroscope, pigment

epithelial cysts had been mistaken for ciliary body

melanomas resulting in unnecessary enucleation.186

Clinically, isolated peripheral irido-ciliary cysts present

as a focal anterior bulging of the peripheral iris, with an

associated shallowing of the anterior chamber. Larger

cysts may be visible at the pupil margin, particularly

following pharmacological mydriasis. In these

circumstances the cyst appears as a smooth uniformly

pigmented mass lying between the posterior surface of

the iris and the lens. On careful inspection the cyst will

usually transilluminate when a fine slit-lamp beam is

shone upon its surface. The majority of solitary pigment

epithelial cysts appear to arise in the inferior temporal

quadrant.189 Bilateral pigment epithelial cysts are

common and indeed, when an individual presents with

an apparently unilateral lesion, careful inspection of the

fellow eye will frequently reveal the presence of an occult

lesion in that eye. Occasionally, patients may present

with multiple bilateral irido-ciliary cysts191 (Figure 1d)

and in extreme cases this may produce a plateau iris

leading to angle closure glaucoma.189,191–199 Although

irido-ciliary cysts are generally sporadic in nature, Vela

et al197 reported three families with pigment epithelial

cysts, which were multiple in 10 and bilateral in eight of

the 11 affected patients. Acute closed angle glaucoma

occurred in four of the affected patients.

Although the aetiology of irido-ciliary cysts remains

uncertain, numerous theories have been proposed,

including; persistence of the annular sinus of von

Szily;198 foetal iritis causing synechiae with resultant

separation of the two layers of the secondary optic

vesicle;200 and embryonic traction of the zonule of Zinn

on the posterior epithelial layer of the secondary optic

cup.186 It is tempting to speculate that, given peripheral

pigment epithelial cysts appear to arise from the irido-

ciliary sulcus where there is transition between the non-

pigmented epithelium of the ciliary body and the

pigment epithelium of the iris, their formation may be

due to a focal juxtaposition of these elements, leading to

the aberrant secretion of aqueous beneath the pigment

epithelium.

While the majority of peripheral pigment epithelial

cysts occur in isolation, it is well-recognised that on

occasion they may be associated with a ciliary body

tumour. Augsburger et al201 noted, in a study by using the

ultrasound biomicroscope, that in 39 patients with

pigment epithelial cysts, six occurred at the margin of a

ciliary body tumour. Fine and Pavlin190 in a further

ultrasound biomicroscopic study of 210 irido-ciliary cysts

found that 20% were associated with a tumour. While the

majority of these cysts are clinically undetectable and can

only be diagnosed with the aid of an ultrasound

biomicroscope, occasionally iris cysts may be the

presenting sign of a ciliary body tumour202 and for this

reason it is important to exclude an associated neoplasm

in any patient who presents with an apparently isolated

pigment epithelial cyst. Moreover, cystic ciliary body

melanomas may simulate a pigment epithelial cyst and

again this phenomena reinforces the need to undertake a

meticulous ultrasound biomicroscope examination in

any patient presenting with a solitary cyst.203

Central pigment epithelial cysts, arising from the

pupillary margin, are a well-recognised product of miotic

therapy. In 1923 Vogt204 described single or multiple cysts

at the pupillary margin in patients receiving miotic

(pilocarpine) therapy for chronic simple glaucoma.

Abraham205 in a study of 66 cases of accommodative

strabismus treated with di-isopropyl-fluoro-phosphate

noted that pupillary cysts developed in 42 (64%) patients

and that occasionally they occur as early as 2 weeks after
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starting treatment. Chin et al206 reported the occurrence

of pupillary cysts in patients receiving phospholine

iodide for accommodative strabismus; they noted that

this effect could be inhibited by concomitant therapy

with the mydriatric phenylephrine. Histologically, the

cysts are found to contain finger-like projections

consisting of a double layer of pigment epithelial cells

enclosing cystic spaces.207

In 1936 Cowan208 described a case of familial cysts

and flocculi of the iris. Flocculi have been described as

tuft-like excrescences of the pigment epithelium

overlying the pupil margin and are often cystic in nature.

It is probable that they are aetiologically closely related to

simple pigment epithelial cysts and indeed in some

articles the term appears interchangeable. More recently,

Sallo and Hatvani209 reported four cases of primary

pupillary pigment epithelial cysts in a single family.

Although there was no mention of any systemic

abnormality in this pedigree, several articles have

suggested an association between iris flocculi/pupillary

pigment cysts and inherited ascending thoracic aortic

aneurysms and dissections (TAAD).210–214 In the past few

years several research groups have identified that TAAD

may be caused by mutations of the smooth muscle

a-actin (ACTA2)213,214 gene and moreover, that iris

flocculi may be specific to the p.R149C mutation.

Vascular tumours and malformations of the iris

Vascular tumours and malformations of the iris are

extremely rare. Ashton215 in a pathological study of 145

primary iris tumours found only three primary angiomas

of the iris. Indeed, Ferry216 in an archival study

concluded that the majority of tumours classified as

haemangiomas were in fact juvenile xanthogranulomas,

highly vascular melanomas or other non-vascular

tumours. However, true vascular tumours and

malformations of the iris have been reported in the

literature and include capillary,217–220 cavernous,221–226

racemose,227–231 microhaemangiomas,232–239 and iris

varix.240–243

Capillary haemangiomas are paediatric malformations

and appear to arise in association with either diffuse

neonatal haemangiomatosis or peri-orbital capillary

haemangiomas.217–220 In general, cavernous

haemangiomas arise in adulthood and are not associated

with systemic haemangiomas.222,241 However, sporadic

case reports have detailed their association with

haemangiomas in other non-ocular sites.241

Microhaemangiomas (iris vascular tufts) are probably

the most common vascular malformation to arise in the

iris, with a total of approximately 90 reported cases in the

literature.234 They typically occur bilaterally and appear

as solitary or multiple small (approximately 150mm in

diameter) vascular tufts on the pupil margin. Most cases

occur in patients over 50 years of age and indeed, iris

microhaemangiomas have not been reported in

childhood.234 Although microhaemangiomas have been

reported in association with a wide variety of systemic

conditions, these are probably, in the majority of cases,

merely coincidental, with the possible exceptions of

myotonic dystrophy244–246 and diabetes mellitus.232,246

Spontaneous hyphaema, which may be complicated

by secondary raised intraocular pressure, is a

well-recognised complication of iris vascular

tufts.237,239,247–256 Iris microhaemangiomas are thought to

be hamartomas arising from the stromal blood vessels.235

In 1983 Stur and Strasser227 described a sectorial

racemose arterio-venous malformation in a 32-year-old

male. Since this report approximately 36 further cases of

isolated iris arterial-venous malformation have been

reported in the literature.230,241 These lesions consist of

one or more abnormally large iris blood vessels that

originate in the iridocorneal angle, which pass through

the stroma (which in places may obscure them) towards

the pupil margin for a variable distance before forming

an abrupt loop and returning to the angle.229 Fluorescein

angiography readily identifies these vascular

malformations, which fill rapidly and demonstrate no or

only minimal leakage or staining of the vessel wall.229 A

dilated episcleral vessel in the same quadrant as the

arterio-venous malformation was noted in 50% of

cases.229 The presence of such a vessel may be confused

with sentinel vessels, which are associated with an

underlying ciliary body tumour. Iris arterio-venous

malformations are not associated with any systemic

condition, nor do they give rise to any symptoms.

Iris tumours

Adenomas and adenocarcinomas of the IPE. Adenomas and

adenocarcinomas of the IPE are rare. Spraul et al,257 in

1996, reported an adenocarcinoma of the IPE and cited 20

previously reported cases, which would appear to fulfil

the criteria to be classified as adenomas of the IPE.

Shields et al258 in 1999 reported their personal experience

of 20 cases of adenomas arising from the IPE. Since then,

only a further single report of an adenoma of the IPE has

appeared in the literature.259 The majority of adenomas

of the IPE appear to arise from the peripheral iris and

may involve the ciliary body. Moreover, adenomas may

arise from the pigment epithelium of the ciliary body

and, as a result, it is often difficult on clinical grounds to

determine which pigment epithelium the tumour has

arisen from. Clinically, adenomas of the IPE present as a

small asymptomatic mass in the peripheral iris. There

appears to be no sex or racial predilection, and typically

such lesions present in the fourth to sixth decade of life.
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Rarely, adenomas may present in childhood and

adolescence. We have reported a case of an adenoma,

which was composed of pigmented and non-pigmented

elements, involving both the iris and the ciliary body,

which was probably congenital in origin.260 In most cases

adenomas appear as a sharply defined black or dark grey

lesion, which has displaced the iris root. The exposed

surface of the lesion may be smooth or nodular, and,

unlike ciliary body melanomas, there are no associated

sentinel vessels. Despite their relatively small size,

adenomas of the iris (and ciliary) epithelium frequently

erode the iris root giving the appearance of anterior

segment invasion. In general, invasion of the iris is a

feature of large ciliary body melanomas and thus the

finding of a small ‘ciliary body’ tumour in the presence of

apparent invasion of the iris root should alert the

clinician to the possibility that the lesion is a benign

adenoma.261 Adenomas of the IPE appear as

homogenous or, occasionally, cystic lesions with a

smooth or nodular surface arising from the posterior

aspect of the iris. Histologically, adenomas of the IPE

appear as deeply pigmented tumours composed of cords

and tubules of well-differentiated pigment epithelial cells

separated by connective tissue septae. Occasional cystic

spaces may be visible within the tumour.258 To the

author’s knowledge there have been only two reported

cases of adenocarcinomas arising from the IPE.257,262

However, although the histological features were

suggestive of a malignant neoplasm, there have been no

reported cases of metastases from these tumours, in

keeping with adenocarcinomas of the ciliary and retinal

pigment.257 Adenomas of the IPE may be treated by

surgical resection or observation.258

Iris metastasis. In contrast with the choroid, which is a

relatively common site for metastases,263,264 the iris is

rarely involved in the metastatic process. Bloch and

Gartner,264 in study of 230 eyes obtained post mortem

from patients with confirmed systemic malignancy, found

28 cases of ocular metastases, of which only two (7%)

involved the iris. The majority of published cases are

confined to single case reports. To date, the largest study

in the literature was published by Shields et al,265 who in a

study of 512 patients with uveal metastases, found iris

involvement in 40 (7.8%) of cases. The breast (40%) and

lung (28%) were the most common location for the

primary tumour. In approximately one-third of cases, the

iris metastasis was the presenting symptom of the

underlying malignancy (Figure 1e). In this series 35% of

cases had an accompanying choroidal metastasis. The iris

metastases were unilateral in all cases. Again, this

contrasts with the choroid where bilateral involvement

occurs in approximately 30% of cases. Indeed, bilateral iris

involvement appears to be extremely uncommon.266–268

Iris metastases typically appear as a solitary yellow-

white or pink fleshy mass on the iris stromal surface. The

tumours often appear friable and may liberate cells into

the anterior chamber, which can simulate anterior

uveitis.265,269 In addition, iris metastases are capable of

invoking a significant inflammatory reaction and as a

result may present with a true anterior uveitis.269–273

Secondary glaucoma is frequently associated with iris

metastases occurring in approximately 40% of cases.265

The diagnosis of an iris metastasis may be relatively

straightforward when a patient presents with known

carcinomatosis, particularly when there is an associated

choroidal deposit. However, when the patient presents

with a solitary iris lesion in the absence of a history of

malignant disease, the diagnosis may be more

problematic. In these circumstances a fine-needle

aspiration, or punch biopsy, may be of value.265,274–277

Melanocytic tumours of the iris stroma

Naevi. Although iris naevi are undoubtedly common,

precise estimates of their prevalence within the general

population are lacking. In part, this is due to the fact that

the majority of patients with iris naevi are asymptomatic

and, as a result, do not seek medical attention.

Furthermore, as we shall see, the clinical, and indeed the

pathological, distinction between naevi, melanocytomas,

and melanomas is somewhat blurred and as a result the

precise categorisation of an individual melanocytic iris

lesion may be problematic. In a small study, Harbour

et al47 found the incidence of iris naevi to be between

4 and 6%. Iris naevi appear to be more common in

patients with light-coloured irides47 and individuals

with the dysplastic naevus syndrome.278,279

Clinically, iris naevi may be circumscribed or diffuse in

nature and in both forms the lesion effaces or obscures

the underlying iris stromal architecture: a feature, which

differentiates them from a simple iris ephelis where the

architecture is preserved. Circumscribed naevi appear as

a well-demarcated lesion, which may vary in size, shape,

and degree of pigmentation. The majority of naevi are tan

or dark brown in colour, occur in the lower half of the

iris, and may involve the pupil margin, mid-zone, or

periphery. Traditionally, it has been told that pupillary

changes, including corectopia, ectropion uvea, and sector

lens opacities, were suggestive of malignancy. However,

it is now recognised that such changes may occur in

naevi and cannot be used to distinguish benign from

malignant lesions.280,281 Similarly, involvement of the

iridocorneal angle, which was again once thought to be

indicative of malignancy, may occur in benign naevi.281

Diffuse naevi appear as flat or minimally elevated

pigmented lesions, which involve a sector, or

occasionally, the entire iris, and are congenital in nature.
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They are usually encountered in cases of ocular or

oculodermal melanocytosis.133 A diffuse iris naevus

may also be encountered in Cogan–Reese syndrome.

This condition first described in 1969,282 is a variant

of the iridocorneal endothelial syndrome, and is

characterised by unilateral glaucoma; abnormalities of

the corneal endothelium; and iris changes, including,

corectopia, ectropion uvea, pigmented nodules, and

iris atrophy.283

Iris naevi are generally indolent lesions, which remain

asymptomatic throughout life. Occasionally, secondary

glaucoma may arise as a result of pigment deposition

in the trabecular meshwork. Although rapid tumour

growth is considered to be indicative of malignancy,

iris naevi may slowly increase in size with time. In a

study of 175 melanocytic tumours of the iris, Territo

et al284 noted definite tumour growth in eight patients,

of which five were treated by iridocyclectomy. Two of

these lesions were subsequently found to be spindle

cell naevi.

Two reports have now appeared in the literature

describing an aggressive naevus of the iris in children.

Paridaens et al285 described an apparently unique familial

occurrence of an aggressive iris naevus arising in the

second decade of life in a mother and son. Carlson et al286

subsequently reported an aggressive iris naevus in a

16-year-old girl who presented with visual loss as a

result of uncontrolled secondary glaucoma.

While it is probable that iris naevi may occasionally

undergo malignant transformation, it is not possible to

estimate how frequently this change occurs. Many iris

melanocytic lesions, which histologically appear to be

malignant, may remain indolent for many years and as

result, should a lesion show a significant increase in size,

it may be impossible to determine whether this is due to

malignant transformation in a pre-existing naevus of

growth in a previously dormant melanoma.

Melanocytoma. A melanocytoma is a specific type of

naevus, which demonstrates characteristic histological

features. They are composed of deeply pigmented plump

or polyhedral naevus cells, which contain abundant

cytoplasm and demonstrate little nuclear

pleomorphism.287 Although melanocytomas typically

arise on or adjacent to the optic disc, they may

occasionally occur in other locations in the eye, including

the choroid,288–298 the ciliary body,299–312 and the

iris.299,301,313–327

In 1965 Zimmerman313 reported an iris melanocytoma

in a 34-year-old, which was treated by iridectomy and

subsequent enucleation, the initial specimen having been

reported to be a malignant melanoma. Since then a

number of reports have appeared in the literature

documenting the occurrence of melanocytomas within

the iris.297,299,311–325 These lesions are, however,

uncommon, and in a study of 200 patients referred to an

ocular oncology service with the suspected diagnosis of

an iris melanoma, 158 were found to have an alternative

diagnosis and of these only one proved to be a

melanocytoma.328 In a subsequent study of 47 cases of

iris melanocytoma, Demirci et al322 estimated that

melanocytomas represented only 3% of all iris naevi.

Clinically, iris melanocytomas appear as a darkly

pigmented nodule with an irregular or corrugated

surface322 (Figure 1f). In keeping with other melanocytic

iris lesions, melanocytomas usually involve the inferior

half of the iris. These lesions appear to be less cohesive

than ordinary naevi and may produce satellite lesions on

the iris surface or trabecular meshwork.287 This lack

of cohesion may be due to necrosis within the

melanocytoma.314,318,322,324 Involvement of the trabecular

meshwork may give rise to a raised intraocular

pressure.314,315,318,324 Indeed, Demirci et al322 in their

study noted that 11% of patients had developed a raised

intraocular pressure at 5 and 10 years, and that this had

risen to 55% at 15 years. Approximately 50% of iris

melanocytomas may demonstrate a gradual enlargement

with time,322 and although this is not indicative of

malignant transformation, there are sporadic reports of

melanomas arising from iris melanocytomas in the

literature.316,325,329

Melanoma. Iris melanomas are uncommon and account

for only between 2 to 5% of all uveal melanomas.330,331

Despite their relative rarity, iris melanomas remain an

enigma and controversy surrounds both their diagnosis

and management. Most studies indicate that the mean

age of presentation for iris melanomas is 40–45 years:

a decade earlier than their posterior uveal

counterparts.330–332 Iris melanomas may be either

circumscribed or diffuse, and in both forms the clinical

distinction between a melanoma and benign naevus may

be difficult.

Circumscribed melanomas have an affinity for the

inferior iris and approximately 80% of cases arise from

the inferior half of the iris.332 They appear as a raised

lesion with either a smooth or irregular surface. The

degree of pigmentation is variable and while the

majority of iris melanomas are brown in colour,

some are amelanotic: the latter often showing a

prominent intrinsic vasculature. Pupil distortion,

ectropion uveae, localised cataract, iridocorneal angle

involvement, pigment dispersion, raised intraocular

pressure, and spontaneous hyphaema may be found in

iris melanomas.284,330

Diffuse iris melanomas are extremely rare, accounting

for 7–10% of all iris melanomas.330,333 Clinically, diffuse

iris melanomas classically present as a patient with
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unilateral hyperchromatic heterochromia and ipsilateral

glaucoma.333–335 In affected cases the iris has a diffuse or

multifocal pigmentation. Associated corectopia and

ectropion iridis occur in approximately 90% of cases and

involvement of the iridocorneal angle appears to be a

universal feature.333 Unfortunately, there is frequently a

significant delay in diagnosing diffuse iris melanomas.

Demirci et al333 in a report of 25 cases of diffuse iris

melanoma found that 14 (56%) of the cases referred to

their unit for further management had previously been

diagnosed elsewhere as suffering from glaucoma and

that as a result there was a mean delay of 30 months

before eventual diagnosis was made. A subsequent

review of the literature confirmed a similar delay in

diagnosing diffuse iris melanomas.333 This is in keeping

with the authors’ own experience where the condition

had initially been misdiagnosed as Cogan–Reese

syndrome. Histologically, diffuse iris melanomas, in

contrast to circumscribed tumours, frequently contain

epithelioid cells, which tend to be poorly cohesive and

may account for the diffuse nature of these lesions.333

In 1951 Stallard336 wrote that the prognosis for iris

melanomas treated by iridectomy was good. A few years

later Rones and Zimmerman332 in a retrospective study

of 125 cases of iris lesions, which they considered to be

either malignant or have malignant potential obtained

from the Armed Forces Institute of Pathology files, found

the incidence of metastases for patients with iris

melanoma to be 1% at 5 years and 6% at 10 years. They

observed that the iris melanomas appeared to have a

different natural history than their posterior uveal

counterparts. Subsequent studies have confirmed that

iris melanomas generally have a very favourable

prognosis and that the risk of death from metastasis-

related disease is small.337–343 The one exception to this

general rule appears to be diffuse iris melanomas where

the overall risk of metastases appears to be significantly

greater.333

The apparently favourable prognosis for iris

melanomas, together with the difficulty in clinically

differentiating many lesions from naevi, has prompted

many clinicians to adopt a conservative approach to the

treatment of such lesions; proposing treatment should

rapid growth or other significant complications occur.

Traditionally, circumscribed iris melanomas have been

treated by iridectomy or iridocyclectomy.331–345

Alternative treatment modalities include plaque

brachytherapy346,347 and proton beam irradiation.348–350

The management of diffuse iris melanomas is

problematic and most are probably best treated by

enucleation, although irradiation may be tried in cases

where the patient is reluctant to suffer loss of their eye.333

The apparently low risk of metastatic disease in cases

of iris melanoma contrasts with that of choroidal and

ciliary body tumours where the mortality rates are

significantly greater. In 1992, Diener-West et al351

published a meta-analysis of the 5-year mortality rates

among patients who had an eye enucleated for a

choroidal melanoma and found the combined weighted

estimates to be 16% for small, 32% for medium, and 53%

for large tumours. In a recent study of the very-long-term

prognosis of patients with choroidal and ciliary body

melanoma, Kujala et al352 found tumour-related mortality

to be 31% by 5 years, 45% by 15 years, 49% by 25 years,

and 52% by 35 years. This, of course, poses the intriguing

question as to why there should be such a disparity in

relative survivals between iris and posterior uveal

melanoma.

Jakobiec and Silbert280 in a retrospective clinical

pathological study of 189 iris and iris and ciliary body

lesions originally diagnosed as melanomas proposed a

new nine part histological classification for such

tumours. They subsequently reassigned 87% of the

tumours studied into one of six categories, all of which

they considered to be benign.280 In doing so they

suggested that most iris ‘melanomas’ were in fact benign

naevi. If this were indeed the case, then the apparently

favourable prognosis for such tumours in previously

reported series could be explained by the inclusion of

benign lesions into the study groups, which would have

the effect of diluting the true malignant neoplasms.

While this may the case, it does not entirely explain this

paradox. In 2001 Shields et al331 reported the results of a

study of 169 consecutive patients with microscopically

confirmed iris melanoma and found a metastatic rate of

3% at 5 years and 5% at 10 years, which is remarkably

similar to the results found by Rones and Zimmerman332

over 40 years earlier. However, although this excellent

study provides us with the incidence of metastatic

disease for patients with histologically proven iris

melanoma, it suffers from an inherent flaw when

considering the overall prognosis for patients with iris

melanomas. In this study they obtained the incidence of

metastases in 169 patients with histologically proven iris

melanoma from a total cohort of 1054 patients referred to

the ocular oncology service with suspicious iris

melanocytic tumours. The decision to treat or obtain

histological biopsy of the lesion was, of course, based on

their clinical criteria for possible malignancy. It is of

course conceivable that in the remaining 885 patients

with the presumptive diagnosis of an iris naevus

managed by observation, there may have been patients

where the diagnosis would have been that of a

melanoma had the tumour been removed and submitted

for histological examination.

It is an established fact that tumour size at the time of

diagnosis is an important factor in determining the

prognosis for posterior uveal melanomas.351 In general,
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iris melanomas are significantly smaller than most

choroidal or ciliary body melanomas at the time of

diagnosis, and this has prompted the argument that the

apparent difference in biological behaviour can merely

be attributed to tumour size. Davidorf353 noted that the

mean volume of iris melanomas at the time of diagnosis

was 55 mm3 compared with a mean volume of 300 mm3

for choroidal melanomas and concluded that if the size of

the tumour at the time of diagnosis was taken into

account the metastatic rates would be comparable.

Again, the same problem arises: the major criterion for

intervention in the case of melanocytic lesion of the iris is

documented growth and it is possible that tumours,

which histologically would be considered malignant, are

left untreated because of the lack of any observable

change in size.

In 1990, Prescher et al354 reported apparently non-

random chromosome abnormalities in 14 cases of

posterior uveal melanoma. Shortly afterwards, my own

group reported similar findings in six cases of uveal

melanoma.355 Following these initial reports it has

now been established that not only do non-random

chromosome abnormalities occur in uveal melanomas,

but that certain abnormalities, namely loss of

chromosome-3 and additional copies of the long arm of

chromosome-8, arise predominantly in ciliary body

tumours and are highly sensitive predictors of patient

survival.356–359 Unfortunately, to date, there are only two

studies (a total of four cases), which have characterised

the cytogenetic changes in iris melanomas.360,361

However, based on this limited evidence it would appear

that, although iris melanomas experience relatively high

levels of chromosome alterations, they are different to

those that are typically found in posterior uveal tumours.

If the results of these preliminary results were confirmed

in a larger cohort of patients, it could implicate

differences in tumour karyotype as a possible cause for

the apparent disparity between the metastatic rates of the

iris and posterior uveal melanomas.

There is one further intriguing possibility that could

explain the apparently different biological nature of the

iris and posterior uveal melanomas: could differences

in the anterior chamber micro-environment have a role

in modulating the behaviour of iris melanomas?

Grossniklaus et al362 used a murine model to investigate a

difference in metastatic rate between anterior and

posterior ocular melanoma, and found that 33% of the

tumours inoculated into the anterior chamber

metastasised in comparison with 89% of those inoculated

into the choroid and/or vitreous. Recently, we have

investigated the possible role of the micro-environment

in tumour growth. In an in vitro study of the effect of

aqueous and vitreous humours on invasion and

proliferation, we found that although neither appeared to

influence tumour cell proliferation, vitreous promoted

tumour invasion whereas aqueous either had no effect or

was inhibitory.363 In a further study we identified six

enucleation specimens where there was clear invasion of

the tumour through the iris stroma and onto the surface.

We noted that the surface melanoma cells were smaller

when compared with those deeper within the lesion and

that fewer of these cells expressed cyclin-D1, a protein

that promotes the cell cycle. Moreover, expression of p27,

a factor, which inhibits the cell cycle, had a high level of

expression in these cells on the anterior tumour surface

than those located within the lesion. We also investigated

alterations of chromosome-3 and 8, and found them to be

less common among the iris surface melanoma cells than

those deeper within the body of the tumour.364 Although

these results to date must be considered as preliminary, it

is plausible that factors within the aqueous humour may

have a role in modulating the growth of iris melanomas.

If such factors could be identified then they may provide

the basis for developing alternative therapies to treat

uveal melanoma.
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menschlichen Auges mit vergleichend anatomischen

Heterochromia and other iris abnormalities
IG Rennie

41

Eye



Bemerkungen. Graefes Arch Clin Exp Ophthalmol 1922; 109:

106–153.
8 Eagle Jr RC. Iris pigmentation and pigmented lesions: an

ultra structural study. Trans Am Ophthalmol Soc 1988; 86:

581–687.
9 Imesch PD, Bindley CD, Khademian Z, Ladd B, Gangnon R,

Albert DM et al. Melanocytes and iris colour. Electron

microscopic findings. Arch Ophthalmol 1996; 114(4): 443–447.
10 Sturm RA, Frudakis TN. Eye colour: portals into

pigmentation genes and ancestry. Trends Genet 2004; 20(8):

327–332.
11 Davenport GC, Davenport CB. Heredity of eye-colour in

man. Science 1907; 26: 590–592.
12 Hurst CC. On the inheritance of eye-colour in man. Proc R

Soc Med Lond B Biol Sci 1908; 80: 81–86.
13 Sturm RA, Larsson M. Genetics of human iris colour and

patterns. Pigment Cell Melanoma Res 2009; 22(5): 544–562.
14 Sturm RA. Molecular genetics of human pigmentation

diversity. Hum Mol Genet 2009; 18: 9–17.
15 Duffy DL, Montgomery GW, Chen W, Zhao ZZ, Le L,

James MR et al. A three-single-nucleotide polymorphism

haplotype in intron 1 of OCA2 explains most human eye-

colour variation. Am J Hum Genet 2007; 80(2): 241–252.
16 Duke Elder S. System of Ophthalmology. Henry Kimpton:

London, 1964.
17 Kutzbach B, Mendelsohn N, Rath P, Summers CG. Sectoral

iris heterochromia and retinal pigment variation in 13q-

syndrome. J Am Assoc Pediatr Ophthalmol Strabismus 2007;

11(5): 513–515.
18 Lascaratos J. ‘Eyes’ on the thrones: imperial

ophthalmologic nicknames. Surv Ophthalmol 1999; 44(1):

73–78.
19 Sullivan TJ, Clarke MP, Morin JD. The ocular

manifestations of the Sturge–Weber syndrome. J Pediatr
Ophthalmol Strabismus 1992; 29(6): 349–356.

20 Pascual-Castroviejo I, Lopez-Rodriguez L, de la Cruz

Medina M, Salamanca-Maesso C, Roche Herrero C.

Hypomelanosis of Ito. Neurological complications in 34

cases. Can J Neurol Sci 1988; 15(2): 124–129.
21 Stone RA, Scheie HG. Periorbital scleroderma associated

with heterochromia iridis. Am J Ophthalmol 1980; 90(6):

858–861.
22 Quinlan K, Shwayder T. Cafe au lait macule associated

with heterochromia iridis. Pediatr Dermatol 2005; 22(2):

177–178.
23 Morrison DA, FitzPatrick DR, Fleck BW. Iris coloboma

with iris heterochromia: a common association. Arch
Ophthalmol 2000; 118(11): 1590–1591.
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