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SUMMARY 

Congenital anophthalmos and microphthalmos are rare 
conditions which can have associated pathology in the 
second eye and/or systemic anomalies. A retrospective 
review of 77 patients with congenital anophthalmos or 
microphthalmos seen at Moorfields Eye Hospital over a 
13 year period was performed. A detailed description of 
the ocular and systemic anomalies present in our series 
of patients is given, and the current understanding of 
the pathogenesis of congenital anophthalmos and 
microphthalmos is reviewed. 

Congenital anophthalmos and microphthalmos are 
rare conditions, with prevalence rates for anophthal
mos between 0.3 and 0.6 per 10 000 births1.2 and 
prevalence rates of 1.4, 1.8 and 3.5 per 10 000 births 
for microphthalmos reported in several large 
studies.1,3,4 Coloboma occurs in 0.7 per 10 000 
births.1,3 It is important to examine these infants 
for associated ocular and systemic anomalies.1-7 The 
goal of this study was to describe the associated 
anomalies in our large series of 29 patients with 
congenital anophthalmos and 48 infants with con
genital microphthalmos. 

MATERIAL AND METHODS 

The medical records of 77 patients with congenital 
anophthalmos or microphthalmos seen at Moorfields 
Eye Hospital between January 1980 and October 
1993 were reviewed. On each of these patient's initial 
hospital visit, a complete history, genetic pedigree 
and careful physical examination was performed by a 

paediatrician (B.J.), and then the patient underwent 
a thorough ophthalmological examination. For the 
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patients with systemic abnormalities diagnosed or 
investigated elsewhere, hospital records were 
obtained from these institutions and reviewed. 
Patients were categorised as having clinically 
anophthalmic sockets when there was no evidence 
of a globe or tissue remnant present. Microphthal
mos was diagnosed when axial length, adjusted for 
age, was below the 5th percentile.8,9 The microph
thalmic sockets were further divided into those 
where only an apical 'remnant' remained; microph
thalmic globes with no associated ocular coloboma; 
and microphthalmic globes associated with ocular 
coloboma. Karyotype analysis was selectively per
formed in patients with multiple system disorders, or 
positive family histories for ocular or systemic 
disease. 

RESULTS 

Table I summarises the demographics of our patients 
with congenital unilateral anophthalmos (CVA), 
congenital bilateral anophthalmos (CBA), congenital 
unilateral microphthalmos (CVM) and congenital 
bilateral microphthalmos (CBM). 

One of the 14 patients with CVA (7%) had a 
positive family history: a male (with one older 
normal brother) born with CV A, spina bifida and 
neurogenic bladder whose maternal grandfather had 
isolated CVA. Another of the 14 patients with CVA 
(7%) had a positive systemic family history: a female 
with CVA, congenital rubella syndrome, micro
cephaly, ipsilateral brain cyst and alopecia had a 
brother with Hurler's syndrome. 

Two of the 15 patients with CBA (13%) had 
positive family histories: a male (only child) with 
isolated CBA with a maternal aunt born with 
congenital anophthalmos of one eye and microph
thalmos of the other eye; and a male (with two 
normal brothers) with CBA, pyloric stenosis, mental 
retardation, left external ear abnormality and normal 
karyotype, with a positive family history (a maternal 
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Table I. Demographics of patients with congenital anophthalmos and microphthalmos 

No. of 
patients Male/female 

Unilateral anophthalmos 14 9/5 
Bilateral anophthalmos 15 7/8 
Unilateral microphthalmos 38 13/25 
Bilateral microphthalmos 10 5/5 

aunt with CBA and mental retardation; a maternal 
male cousin with right-sided CUM; and a maternal 
great uncle with congenital right-sided CUM. The 
mothers of all afflicted patients were normal). 

One of the 38 patients with CUM (3 %) had a 
positive family history: a female with CUM with 
ipsilateral colobomatous iris and disc with a paternal 
male second cousin with CUM and congenital heart 
defect, who died at 10 years of age. Three female 
patients with isolated non-colobomatous CUM had 
positive family histories of systemic anomalies: (1) a 
brother with spina bifida and a normal sister; (2) a 
sister with muscular dystrophy; and (3) a deaf 
paternal aunt with another paternal aunt born with 
cleft lip and palate (two normal paternal uncles). 

None of our 10 patients with CBM had positive 
family histories for ocular or systemic disease. 

Tables II and III summarise the associated ocular 
and systemic anomalies in patients with congenital 
anophthalmos and microphthalmos. The microph
thalmos group is further subdivided into those with a 
tissue remnant only, non-colobomatous microphthal
mos and colobomatous microphthalmos. 

In our CUA group, 29% (4/14) had an isolated 
defect and 21 % (3/14) had pathology in the second 
eye but were otherwise normal. The pathology in the 

Family history 
of congenital Family history 

Right/left anophthalmos/ of systemic 
eye microphthalmos anomalies 

10/4 1 1 
2 0 

18/20 1 3 
0 0 

second eye of each of these 3 patients was disc 
coloboma and retinal detachment, iris coloboma and 
retinal detachment, and microphthalmos respec
tively. 

In our CBA group, 53 % had an isolated defect. 
Half our patients with CUA or CBA had associated 
systemic anomalies, as listed in Table II. 

In our CUM 'remnant only' group, 33% (3/9) had 
an isolated defect and 11 % (1/9) had congenital 
nystagmus affecting the fellow eye but were other
wise normal. In our 'non-colobomatous' CUM group 
70% (14/20) had an isolated defect, and none had 
pathology in the second eye. In our 'colobomatous' 
CUM group 44 % (4/9) had an isolated defect 
(colobomatous cyst, choroidal coloboma, eyelid 
coloboma, and choroidal and iris coloboma (2 
patients) and 44 % (4/9) had pathology in the second 
eye but were otherwise normal. Pathology in the 
second eye consisted of iris coloboma with cataract, 
bilateral iris and choroidal coloboma (2 patients) and 
disc coloboma. 

In our CBM 'remnant only' group, 40% (2/5) were 
isolated to the eye and our 3 non-colobomatous 
CBM and two colobomatous CBM (both with orbital 
cysts) were isolated. Just over half of patients with 
CUM or CBM 'remnant only' microphthalmos had 

Table II. Associated ocular and systemic pathology in patients with congenital anophthalmos 

Unilateral anophthalmos Bilateral anophthalmos 

Isolated: 
Pathology in 2nd eye (otherwise normal): 
Associated systemic anomalies: 

Total no. of patients: 

4 (29%) 
3 (21 %) 
7 (50%) 
• Deaf. facial defects, webbed hands. 

hermaphrodite, colobomatous lids 
bila terall y 

• Preauricular tags, hemifacial 
microsomia, hydrocephalus 

• Congenital rubella, microcephaly, 
ipsilateral alopecia and brain cystb 

• Seizures, 2nd eye staphyloma and 
optic nerve dysplasia 

• Cleft lip and palate, rudiment ipsilateral 
ear, decreased hearing contralateral 
ear, cavernous haemangioma occipital 
scalp, one hypoplastic kidney 

• Ipsilateral facial hemiatrophy, 
preauricular tag, large occipital skull 
defect, contralateral preauricular tag 
and anaesthetic cornea 

• Spina bifida, neurogenic bladdera 
14 

aIndividual with family history of congenital anophthalmos or microphthalmos. 
bIndividual with a family history of systemic disease. 

8 (53%) 

7 (47%) 
• Pyloric stenosis, mental retardation, left ear 

external abnormality" 
• One kidney dyplastic; one rib missing, 

thumbs absent 
• Bilateral renal dysplasia with renal failure 

and urethral hypoplasia 
• Corpus collosum dysgenesis 
• Hydrocephalus, epilepsy 
• Tracheoesophageal atresia 
• Right foot 2nd and 3rd toe partial 

syndactyly 
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Table III. Associated ocular and systemic pathology in patients with congenital microphthalmos 

Unilateral microphthalmos Bilateral microphthalmos 

Isolated: 
Pathology in 2nd eye 

(otherwise normal): 
Associated systemic 

anomalies: 

No. of patients 
Subtotal 
Total 

Remnant Non-
only colobomatous 

3 (33%) 14a (70%) 

1 (11 %) 0 

5 (55%) 6 (30%) 
• Goldenhar's • Congenital 

syndrome, rubella, 
contralateral cataract. 
dermoid and deaf 
sclerocornea • Congenital 

• Choanal atresia, rubella, 
dysmorphic cataract, 
features, deaf 
bilateral • Absent septum 
neurosensory pellucidum 
hearing loss, • Hydrocephalus, 
asthma oesophageal 

• Cleft palate atresia 
• Facial • Congenital heart 

asymmetry, defect, cleft 
contralateral palate, 
external ear con trala teral 
deformity deafness and 

• Gastrochisis, coloboma lower 
ipsilateral cleft lid 
lip and lower lid • Preauricular 
coloboma tag and iris 

coloboma 

9 20 
38 

Colobomatous 

4b (44%) 

4 (44%) 

1 (11 %) 
• Cleft lip, 

Tessier IV 
facial cleft, 
ipsilateral 
lower 
lid coloboma, 
choanal atresia 

9 

Remnant Non-
only colobomatous Colobomatous 

2 (40%) 3 (100%) 

3 (60%) 0 
• Delleman's 

oculocerebral 
syndrome 
(upper lid 
ectropion, 
periorbital skin 
tags, focal 
dermal 
hypoplasia, 
dysplastic ribs) 

• Coarctation of 
the aorta 

• Motor 
retardation, 
diplegia, 
developmental 
delay 

5 3 
10 

2 (100%) 

o 

2 

aIndividual with a family history of congenital anophthalmos or microphthalmos. 
bThree individuals with family histories of systemic disease. 

associated systemic anomalies. However, fewer of 
our CUM patients in the remaining two microph
thalmic groups had associated systemic anomalies: 
only 6 of 20 (30%) patients with non-colobomatous 
CUM; 1 of 9 (11 %) with colobomatous CUM, and 
none of the 3 patients with non-colobomatous CBM, 
nor the 2 patients with colobomatous CBM. 

DISCUSSION 

The congenital anophthalmic-microphthalmic spec
trum of disorders are rare entities where uncertainty 
remains regarding aetiology and the prevalence of 
systemic anomalies. European registries1.5 have 
reported that between 40% and 73% of individuals 
with either congenital anophthalmos or microphthal
mos have associated malformations. In our series of 
77 patients we found a 50% association with systemic 
anomalies in patients with congenital unilateral or 
bilateral anophthalmos and congenital unilateral or 
bilateral 'remnant only' microphthalmos, but lower 
percentages in our unilateral and bilateral non
colobomatous microphthalmic groups (30% and 0 
respectively) and our unilateral and bilateral colo
bomatous microphthalmic groups (11 % and 0 
respectively). Therefore, although histological analy
sis to confirm the absence of neural ectoderm 
derivative cells is necessary to distinguish anophthal-

mos from 'remnant only' microphthalmos,JO·ll we 
found similar rates of associated systemic pathology 
in both groups. In unilateral cases, pathology was 
present in the second eye of 21 % (3/14) patients with 
anophthalmos, in 11 % (1/9) of patients with 'rem
nant only' microphthalmos, in none of our 20 
patients with 'non-colobomatous' microphthalmos, 
and in 44% (4/9) of patients with 'colobomatous' 
microphthalmos. Pathology in the second eye was 
usually a uveal coloboma, and less commonly 
coloboma of the disc or eyelid, cataract, or nystag
mus. Although Foxman and Cameron's6 collective 
review of several small series suggested major 
systemic abnormalities in patients with bilateral 
microphthalmos with cyst, and more minor abnor
malities in patients with unilateral microphthalmos 
with cyst, our 2 patients with bilateral microphthal
mos with cyst were otherwise completely normal, as 
was our 1 patient with unilateral microphthalmos and 
cyst. However, these differences may well reflect our 
small number of patient in these groups. 

The causes of congenital anophthalmos and 
microphthalmos are' complex and probably multi
factorial.l2,13 We find Warburg's aetiological classifi
cation useful:12 (1) associations: sporadic with 
unknown aetiology; (2) genetic: monogenic (auto
somal dominant, and less commonly autosomal 
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recessive or X-linked recessive) or chromosomal 
aberrations; and (3) prenatal acquired (teratological 
agents and intrauterine deformations). Most of our 
cases of congenitally anophthalmic or microphthal
mic sockets were sporadic in occurrence, and there
fore fell within the first category, in agreement with 
the literature.14-17 

A brief review of embryology is helpful in under
standing possible associated anomalies. Embryologi
cally, the organogenic period is between the second 
and sixth week of gestation. Optic vesicle formation 
occurs at the fourth week; optic cup and embryonic 
fissure formation at the fifth week; and closure of the 
embryonic fissure at the sixth week.18-20 Congenital 
anophthalmos occurs when there is complete failure 
of budding of the optic vesicle or early arrest of its 
development with subsequent degeneration. Failure 
of optic vesicle budding may be 'primary', with 
involvement of ocular tissue only, or 'secondary', 
with complete suppression of the forebrain - a lethal 
condition. Congenital microphthalmos results from 
incomplete invagination of the optic vesicle into the 
optic cup or defective closure of the embryonic 
fissure of the optic vesicle (colobomatous microph
thalmos, with uveal coloboma or colobomatous 
cyst).19-21 Disc coloboma occurs from failure of the 
embryonic fissure to meet the optic stalk, and eyelid 
coloboma from malunion of surface mesoderm. 

During the fourth week of gestation, when the 
optic vesicle is forming, the branchial apparatus is 
also starting to develop and subsequently transform 
into structures of the head and neck.18-2o The first 
branchial arch normally develops into facial tissues; 
the first cartilage becomes the two middle ear bones 
(malleus and incus), the first branchial groove 
becomes the external acoustic meatus; and the 
nerve of the first arch is the trigeminal nerve.19 

Various patterns of widespread malformations are a 
result of associated problems in morphogenesis of 
the first and second branchial arches occurring 
embryologically between four and six weeks gesta
tion. Probably the most appropriate name for the 
wide phenotypic variation of anomalies which result 
is the 'oculo-auriculo-vertebral spectrum'(OAVS).21 

Other descriptions used for this spectrum include: 
'facio-auriculo-vertebral spectrum, first and second 
branchial arch syndromes, oculo-auricular vertebral 
dysplasia, hemifacial microsomia, Goldenhar syn
drome, and Goldenhar-Gorlin syndrome'. Many of 
our patients with congenital unilateral anophthalmos 
or microphthalmos with associated systemic anoma
lies fit into this spectrum of disorders. 

Because of variations in anatomical expression of 
the OA VS spectrum of disorders, we elected to list 
associated abnormal features rather than attempt 
further categorisation. It is important in any patient 
born with congenital anophthalmos or microphthal-

mos to be aware of and look for these potential 
systemic associations in the OA VS spectrum of 
disorders: central nervous system (microcephaly, 
hydrocephalus, occipital encephalocoele, skull 
defect, 10% mental retardation);21,22 additional 
ocular pathology (dermoid, coloboma, Duane's 
retraction syndrome, decreased corneal sensation 
(trigeminal nerve abnormality), optic disc hypopla
sia);18,23 cleft lip, cleft palate; face (hemifacial 
microsomia, unilateral or bilateral facial hypoplasia, 
micrognathia); skeletal system (anomalous ribs and 
limbs); ear (preauricular tags, external and inner ear 
defects, deafness); heart (ventricular septal defect, 
patent ductus arteriosus, tetralogy of Fallot, coarcta
tion of the aorta); kidneys; genitourinary system;24 

and gastrointestinal system.20 A study of patients 
with OA VS by Schrander-Sumpel et al.22 found a 
strikingly higher frequency of cerebral anomalies and 
mental retardation with bilateral ear anomalies, cleft 
lip/palate and anophthalmia/microphthalmia. 

All patients born with congenital anophthalmos or 
microphthalmos require a thorough clinical exam
ination by a paediatrician looking for associated 
congenital anomalies of tissues of mesodermal and 
ectodermal origin, which we found in approximately 
half our patients with clinical anophthalmos or an 
ocular remnant only in one or both sockets. We 
found the incidence of associated systemic pathology 
in patients with congenital unilateral and bilateral 
non-colobomatous microphthalmos and unilateral 
and bilateral colobomatous microphthalmos to be 
30%, 0, 11 % and 0 respectively. In unilateral cases, 
the second eye should be carefully examined looking 
for anophthalmos, microphthalmos, coloboma 
(uveal, disc and eyelid), epibulbar dermoids, corneal 
opacities, cataracts, retinal detachment and nystag
mus. Neuroimaging should be strongly considered 
for patients with unilateral or bilateral congenital 
anophthalmos or 'remnant only' microphthalmos, 
and in non-colobomatous or colobomatous microph
thalmic patients where clinical suspicion exists 
because of other developmental or neurological 
abnormality. 

Key words: Anomalies, Anophthalmos, Congenital, Microphthal
mos. 
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