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Abstract

Purpose To describe a cohort of patients

with congenital eyelid coloboma, to identify

associated ocular and craniofacial

abnormalities, and to establish any

correlation between the size and location of

eyelid colobomas and the presence of such

abnormalities.

Methods An observational case series of 55

patients with eyelid coloboma treated by a

single surgeon (JROC) between 1985 and 2005.

Results Eyelid colobomas predominantly

affected the upper lids (93%), and were

typically unilateral (76%). About a third

(29%) were an isolated finding, with the

remainder associated with other ocular (62%)

and/or craniofacial (53%) abnormalities. Of

those with ocular abnormalities; 19 (56%) had

conjunctival traction bands, 16 (47%)

choristomas, and 8 (24%) an abnormal globe.

Of those with craniofacial abnormalities; 13

(45%) had Goldenhar Syndrome, 10 (35%)

clefting disorders, and 4 (14%) Fraser

Syndrome. Clefting disorders were typically

associated with more severe colobomas and a

higher incidence of conjunctival traction

bands, first arch syndromes with smaller

colobomas and more choristomas. Overall

large colobomas were significantly associated

with the presence of other craniofacial

defects compared with small colobomas

(Po0.01, w2), but coloboma size did not

correspond with the presence of other ocular

abnormalities.

Conclusions Coloboma size, location, and

associations in this series are consistent with

our current understanding of eyelid

embryogenesis. It is likely that those

colobomas associated with other craniofacial

and ocular abnormalities are those which

result from errors earlier in embryogenesis

during eyelid specification, growth, and

closure, whereas isolated colobomas arise

later during eyelid separation, and after

codependent structures have developed.
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Introduction

Eyelid embryology

Eyelid colobomas are rare, congenital, full-

thickness defects of the eyelids. They may be

unilateral or bilateral, involve the upper and/or

lower lids, and vary in extent from small

notches to the absence of an entire lid.1

They may be an isolated finding, or associated

with other ocular, craniofacial, or systemic

abnormalities.2,3 They have been described as a

feature of at least 27 syndromes (summarised in

Supplementary Appendix 1 as a web only file),4

of which the most common are the ‘first arch

syndromes’ (including Goldenhar and Treacher

Collins), and the facial clefting disorders.

During embryogenesis, the ocular and

periocular structures develop from the

coordinated migration, fusion, and differentia-

tion of a number of tissue subunits. Two of these

subunits, the eyelid folds, constitute the primitive

eyelids. The upper lid fold is derived from medial

and lateral protruberances of the frontonasal

process, the lower lid fold from the maxillary

process, part of the first pharyngeal arch.5

The eyelids arise from surface ectoderm and

underlying mesenchyme in four phases;

specification, growth, fusion, and separation.

A diverse array of genes and signalling

pathways govern these respective phases, their
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malfunction being associated with numerous

developmental anomalies.6 Specification occurs at

approximately day 37 of human embryogenesis with the

formation of tongues of mesodermal tissue covered by

ectoderm, constituting the eyelid folds as described

above. During the growth phases these tongues extend

across the primitive ocular surface, with fusion occurring

medially at about day 50, laterally at day 52, and

centrally (resulting in eyelid closure) at around day 58

(week 8). It is during this period of fusion that most of

the structures of the lid develop. At the point of initial

closure the lids consist of a loosely organised sandwich

of mesenchyme surrounded by epithelium. As the lid

differentiates, the outer surface develops into palpebral

epidermis, and the inner surface, being in contact with

the globe, develops into palpebral conjunctiva. The

orbicularis oculi muscle is identifiable from week 10, the

lash follicles (upper lid first, then lower) by week 12, and

the tarsal plate and meibomian glands by week 14. The

separation phase occurs between weeks 21 and 26, with

the breakdown of epithelial adhesions between the lids

aided by the production of lipids from the meibomian

glands, keratinisation of the lid margin, and development

of the upper and lower lid retractor complexes. Starting

medially the eyelids gradually ‘unzip’, a process which is

usually complete by 30 weeks.7–9

Oculofacial associations with eyelid coloboma

Failure of this orderly sequence of events is generally

considered to be responsible for the development of

eyelid colobomas, with the exact characteristics of the

coloboma reflecting the location and timing of the

developmental anomaly.9,10 Early abnormalities are more

likely to be associated with craniofacial defects than later

abnormalities, with defective migration and fusion of

the frontonasal and maxillary processes, for example,

leading to failure of both eyelid development and of the

other facial structures, which require proper union of

these subunits, as seen in the facial clefting disorders.11

Such a gross structural failure is, in turn, frequently

associated with abnormalities of the globe, as defective

eyelid closure results in an abnormal environment on the

surface of the developing eye.12 Conversely, colobomas

arising during the later phases of eyelid development are

typically much smaller, and, owing to a period of lid

closure, the development of the underlying eye and

ocular surface also tends to be normal.

The purpose of this study is to describe a large cohort

of patients with congenital eyelid colobomas, to identify

associated ocular, craniofacial and systemic abnormalities,

and, specifically, to determine whether there exists

any correlation between the size and location of these

colobomas and the presence of such associated anomalies.

Materials and methods

All patients with a diagnosis of upper or lower lid

coloboma managed by a single surgeon (JROC) between

1985 and 2011 were identified from personal and

hospital records. A retrospective case note review was

undertaken using a proforma to extract the requisite

information. This included: demographics (age, gender);

features of the coloboma (size, site); associations (other

ocular, craniofacial, or systemic abnormalities); visual

acuity; orthoptic assessment; refraction; management

(conservative, orthoptic, medical, or surgical); and family

history.

For the purposes of grading coloboma size, ‘small’ was

defined as ‘less than a third of the width of the lid’,

‘medium’ as ‘between one third and one half of the width

of the lid’, and ‘large’ as ‘greater than half the width of

the lid’. The diagnosis of specific syndromes was

typically reached in conjunction with the paediatricians

with whom the majority of the patients were jointly

managed.

Results

Fifty-five patients were included in the study. Although

the median age at presentation was 12 months (range 2

weeks–43 years), the mean age was higher (5 years 2

months), owing to the relatively late presentation of five

patients (including one teenager, three patients in their

20s and one in their 40s). A representative montage of

clinical images is shown in Figure 1.

In this series, 51/55 patients (93%) had exclusively

upper lid colobomas, 2/55 (4%) had exclusively lower lid

colobomas, and 2/55 (4%) had both upper and lower lid

involvement. Forty-two out of 55 (76%) were unilateral

and 13/55 (24%) were bilateral (including one case of

three lid involvement and one case of four lid

involvement). Fifteen out of 55 patients (27%) had large

colobomas, 19/55 (35%) medium, and 21/55 (38%) small,

and colobomas were slightly more common amongst

females (31/55, 56%).

Eyelid coloboma was an isolated finding (with no

other ocular, craniofacial, or systemic abnormalities

identified) in 16 patients (29%). Thus, in over two-thirds

of patients coloboma was associated with other

developmental anomalies, with 34/55 (62%) having

associated ocular abnormalities and 29/55 (53%) having

associated craniofacial or systemic abnormalities. This is

illustrated in Figure 2.

A family history was available for 40/55 patients, and

of this group consanguinity was present in 4/40 (10%),

with three first-cousin marriages and one more distant

relationship. Other potentially significant observations

included a child whose mother had a hydatidform mole,

another who was the only affected sibling of triplets, and
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a third whose first cousin also had an eyelid coloboma. In

this series, no first-degree relative was known to have

had an eyelid coloboma.

Associations with primary ocular abnormalities

For the purposes of this study we have subdivided

ocular abnormalities associated with eyelid colobomas

into primary and secondary. Primary abnormalities are

defined as codevelopmental defects arising from the

same error of embryogenesis, and secondary

abnormalities are those that arise as a consequence of

defective function resulting from the primary eyelid or

adnexal anomaly.

Thirty-four patients (62%) had eyelid colobomas

associated with one or more primary ocular abnormalities,

including; 19 (56%) with conjunctival traction bands (focal

symblepharon), 16 (47%) with choristomas (limbal

dermoids and dermolipomas), and 8 (24%) with an

abnormal globe (microphthalmia or anophthalmia)

(Figure 3a). Individual cases of iris coloboma, macular

coloboma, and sectoral cataract were also noted.

The likelihood of finding such associated ocular

abnormalities was significantly higher in patients who also

had other craniofacial abnormalities (83%) compared with

those who did not (38%) (Po0.01, w2, Figure 3b). However,

no statistically significant association was noted between

ocular abnormalities and the severity of coloboma (size or

number of lids involved).

Associations with secondary ocular abnormalities

In this cohort, secondary ocular abnormalities were

noted in over two-thirds (69%) of patients. Amblyopia

(defined as 42 lines of Snellen equivalent acuity less

than expected) and strabismus were most common,

affecting 62% and 58%, respectively. Exposure

keratopathy was also common, affecting 49%, though

with a wide spectrum of severity. Conjunctival traction

bands—defined as a primary abnormality—were a

particular risk factor for secondary amblyopia and

Figure 1 Photographs demonstrating; (a) isolated coloboma, (b) Goldenhar syndrome (with right limbal dermoid, left upper lid
coloboma), (c) Goldenhar syndrome (with right limbal dermoid and upper lid coloboma, left anophthalmia), (d) facial clefting with
coloboma, and (e) coloboma with conjunctival traction band.

Figure 2 Eyelid coloboma: summary of the associated ocular;
craniofacial; and systemic abnormalities.
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strabismus, with rates rising to 88% and 85%,

respectively, in this group.

Associations with craniofacial and systemic

abnormalities

In 29 patients (53%) the eyelid coloboma was associated

with other craniofacial abnormalities, and of these 13

(45%) had Goldenhar Syndrome, 10 (35%) had clefting

disorders, 4 (14%) had Fraser Syndrome, with single

cases of multiple non-ossifying fibromata syndrome, and

a further uncharacterised first arch syndrome (Figure 4).

Colobomas were typically less severe when isolated (7%

large, 37% medium, 56% small; multiple lids involved

19%) than if associated with other craniofacial

abnormalities (35% large, 31% medium, 35% small;

multiple lids involved 31%) (Po0.01, w2, Figure 5).

Goldenhar Syndrome was typically associated with

smaller colobomas than other 1st arch or clefting

disorders, and was associated with a higher incidence of

choristoma (77%). Conversely, patients with clefting

disorders usually had more severe colobomas than those

with other craniofacial abnormalities, with multiple lids

involved and with a higher incidence of conjunctival

traction bands (60%). In this series, all 4 cases of lower lid

colobomas were encountered with lower facial clefting.

Discussion

Estimated prevalence of eyelid coloboma

Eyelid coloboma is a rare disorder, and no estimates for

incidence or prevalence are available in the existing literature.

Figure 3 (a) Eyelid coloboma: prevalence of associated primary ocular abnormalities. (b) Eyelid coloboma: prevalence of associated
primary ocular abnormalities with (right axis) or without (left axis) craniofacial abnormalities.

Figure 4 Eyelid coloboma: syndromic associations.
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However, an approximation of the incidence can be deduced

from the following series of calculations based upon the

known incidence of Goldenhar syndrome (which

accounted for 13 of the 55 cases in this series), and the

known prevalence of eyelid coloboma in this syndrome.

The incidence of Goldenhar syndrome is estimated to lie

between 1 : 5600 and 1 : 26 550 live births,13,14 and 11% of

patients with Goldenhar syndrome are reported to have

eyelid colobomas.15 This suggests that the incidence of

Goldenhar Syndrome with eyelid coloboma lies between

1 : 50 900 and 1 : 2 41 000 live births. Assuming that

Goldenhar accounts for 24% of all eyelid colobomas

(based on observations from this study), and making the

arbitrary assumption that there is no significant referral

bias in this cohort of patients, the incidence of eyelid

coloboma would therefore be between 1 : 12 000 and

1 : 57 000 live births.

The main potential for bias in this series comes from

the tertiary referral nature of the cohort. The patients are

drawn from many different countries and different

ethnic groups, and it is possible that more minor eyelid

colobomas were managed locally and are therefore

under-represented in this series. Colobomas typically

present in two clinical situations, either as relative

emergencies in neonates due to corneal exposure, or later

as a primarily cosmetic concern.3 Both groups are

represented amongst these patients, with the first

assessment undertaken in 16% at or before one month of

age, in 34% within 6 months and in 53% within 12

months. Later presentations included 18% of patients

aged 8 years or older.

Eyelid coloboma and associated developmental defects

In this series, eyelid colobomas predominantly affected

the upper lids (93%), and were typically unilateral (76%).

About a third (29%) were an isolated finding, and these

tended to be smaller (Po0.001, w2) and, amongst our

patients, affected exclusively the upper lids. The

remainder were associated with other abnormalities of

the eye or adnexa (62%) and/or other craniofacial

abnormalities (53%). It is likely that those colobomas

associated with other facial and ocular anomalies were

those which resulted from errors earlier in

embryogenesis during eyelid specification, growth and

closure.9,10 During these stages, failure of proper

development of the frontonasal and maxillary processes

not only results in lid abnormalities, but also in facial

clefts and other features seen in the first arch syndromes.11

The facial clefting disorders tended to be associated

with larger colobomas and to carry a higher prevalence

of conjunctival traction bands and secondary corneal

opacification. This suggests that the colobomas

associated with facial clefts predominantly arise owing to

failure of lid-fold migration and closure resulting in

corneal exposure in utero and to improper differentiation

of ectoderm into bulbar and tarsal conjunctiva. The

aetiology of facial clefts remains unresolved, with

theories including; abnormal neural crest cell migration,16

anomalous vascular development,17 defective migration

and fusion of mesoderm,18 and the presence of amniotic

bands.19 Conversely, the first arch syndromes (and in

particular Goldenhar syndrome), were associated with

smaller colobomas and high incidence of choristoma.

This is consistent with existing hypotheses for first arch

syndrome pathogenesis, with entrapment of epidermal

cells along the fusion lines of the frontonasal and

maxillary processes resulting from abnormal neural crest

cell migration, and accounting for the finding of

choristomatous epithelial lesions in these patients.

On the basis of the above observations, it is likely that

isolated colobomas arise late in embryogenesis after

Figure 5 Size of eyelid defects in isolated coloboma (left axis) compared with coloboma with associated craniofacial abnormalities
(right axis).
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codependent structures have developed. Previous

studies have noted a tendency for upper lid colobomas

to affect the junction of the medial two-thirds of the

lid.3,20,21 This may reflect a minor abnormality in the

fusion of the medial and lateral protuberances of the

frontonasal process insufficient to adversely affect the

development of other structures, but representing a weak

point leading to abnormal focal separation during lid

opening.

Existing literature on the subject of eyelid colobomas

contains a large number of case reports and several small

case series. Many of these refer to eyelid coloboma in the

context of the numerous rare syndromes in which it has

been described (Supplementary Appendix 1), or describe

the surgical management of individuals or handful of

cases. However, three more sizable studies have

previously characterised the features and associations of

eyelid coloboma, though the smaller two (containing 21

and 22 patients, respectively) focus exclusively on upper

lid coloboma.3,20 The largest, Grover et al,21 includes 51

patients with upper and lower lid colobomas, and

describes a similar demographic to our own study,

though with slightly later presentation, and from a unit

in India (53% male, average age at presentation 8.2

years). A similar proportion were unilateral (73%

compared with 76% in this study), but lower lid

colobomas were much more common than in our series

(26% compared with 7%). Goldenhar was also the

commonest syndromic association (22% compared with

24% in this study). Grover et al describe unilateral lower

lid colobomas exclusively in facial clefting, and all of

their patients with bilateral lower lid colobomas had

Treacher Collins syndrome (where the colobomas

affected the outer third of the lower lids as small

notches). Given that lower lid colobomas are reported in

69% of Treacher Collins patients,22 and that Treacher

Collins has an incidence of approximately 1 : 50 000 live

births,22 this group appears to be significantly under-

represented in our case series. This may reflect the fact

that the colobomas associated with Treacher Collins are

typically small, and may not have been referred for a

tertiary opinion. Lower lid coloboma associated with

facial clefting cases might also be under-represented in

this cohort having instead been managed by the plastic

surgeons treating the cleft lips and palates.

Although outside the scope of this article,

ophthalmologists should be aware of the significance of

eyelid coloboma for visual development. The risk of

exposure keratopathy is self-evident, and for many of the

smaller colobomas in this case series, temporising

measures such as lubricants and moisture chambers were

sufficient to delay surgery to allow the face to grow.

Ultimately, however, all 55 patients required an

operation. Of the associated ocular abnormalities we

have described, some, such as microphthalmia or

anophthalmia, clearly have profound implications for the

vision, and offer limited scope for intervention. Others,

such as dermolipomas, may be relatively innocuous and

require no further treatment. Conjunctival traction

bands, however, merit particular attention, as they are

both common (present with a third of eyelid colobomas),

treatable, and highly amblyogenic owing to strabismus;

Collin, in his 1987 paper, recommends a traction test in

all cases of eyelid coloboma.3

Summary

What was known before

K Eyelid coloboma is a recognised feature of many
craniofacial and systemic syndromes. They are known to
be associated with other ocular abnormalities. Theories of
eyelid coloboma embryogenesis are described.

What this study adds

K We describe the features of eyelid coloboma in the largest
series ever published. We quantify the associations
between eyelid coloboma and other craniofacial
abnormalities. We also quantify the associations between
eyelid coloboma and other ocular abnormalities. We
correlate these findings with our existing understanding
of eyelid coloboma embryogenesis. We estimate the
incidence of eyelid coloboma.
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