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ABSTRACT

Eyeball malformations are caused by defects or ruptures at the stage of differentiation and/or
development of specialized tissues and cells. This article mainly addresses three congenital eye
anomalies, i.e., microphthalmia, anophthalmia, and coloboma, which are congenital, structural eye
malformations that can occur in isolation or as part of a syndrome (associated with craniofacial, skeletal,
genitourinary, cerebral, or cardiac anomalies, among others). Considering the substantial impact of
eyeball malformations on the lives of children and their families, we conducted a narrative literature
review on the subject, including its main classifications, related genes, and current perspectives, using
articles on microphthalmia, anophthalmia, and coloboma retrieved from the Bireme/PubMed database.
Based on the studies that have been conducted, the possibility of using novel treatment approaches at
an early stage of fetal eye development in the future is expected, preventing genetic alterations or failures
during this vital period of eye formation.

RESUMO

As malformacodes do globo ocular sédo ocasionadas por defeito ou ruptura na fase de diferenciacao e/
ou desenvolvimento de tecidos e células especializadas. Neste artigo sdo abordadas principalmente
trés anomalias congénitas dos olhos, ou seja, microftalmia, anoftalmia e coloboma (MAC), que séo
malformacodes oculares estruturais congénitas que podem ser isoladas ou fazer parte de uma sindrome
(associadas a anomalias craniofaciais, esqueléticas, genitourinarias, cerebrais, cardiacas, entre outras).
Considerando o impacto importante das malformagées do globo ocular na vida das criangas e de seus
familiares, os autores realizaram uma revisao narrativa da literatura sobre o tema, incluindo suas
principais classificacoes, os genes relacionados e as perspectivas atuais. Foram pesquisados na base de
dados Bireme/Pubmed artigos sobre microftalmia, anoftalmia e coloboma. A partir dos estudos que vém
sendo realizados, espera-se que no futuro seja possivel realizar novas abordagens terapéuticas durante
uma fase precoce do desenvolvimento ocular no feto para evitar que alteragdes genéticas ou falhas
ocorram nesse periodo importante da formacéo ocular.

INTRODUCTION

Eyeball malformations are caused by ruptures or

The worldwide incidence of microphthalmia, ano-
phthalmia, and coloboma (MAC) was estimated to be
6-13 per 100,000 live births; microphthalmia at 2-17
per 100,000, anophthalmia at 0.6-4.2 per 100,000,
and coloboma at 2-14 per 100,000 live births!.
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defects during the development and/or differentia-
tion of specialized tissues and cells”. Most cause sig-
nificantly low vision during childhood®* and have
a major impact on the lives of children and their fa-
milies.
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In this article, three major congenital anoma-
lies of the eyes will be addressed: microphthalmia,
anophthalmia, and coloboma. MAC are congenital,
structural eye malformations that can occur in iso-
lation or as part of a syndrome!®>¢. The incidence
of other associated anomalies varies among studies,
from one third" to 90%". When the condition is syn-
dromal, it may present craniofacial, skeletal, renal,
genital, cardiac, cerebral, and other anomalies. Neu-
rological alterations are more commonly associated
with anophthalmia, whereas urological and genital
defects are more prevalent in patients with coloboma
and microphthalmia.

The objective of this review is to better understand
existing classifications and retrieve information on
genetic mapping, early treatment, and improved pa-
tient follow up.

METHODS

This narrative literature review was conducted
using the Bireme/PubMed database and comprises
articles on MAC. The search strategy included the
years from 1950 to 2020 and the following keywords:
“microphthalmia,” “anophthalmia,” “coloboma,”
“congenital eye malformations,” “eyeball anomaly,”
and “MAC,” in addition to their different combina-
tions. A total of 102 articles were found and 33 of
them were selected, which featured MAC data, inclu-
ding definition, embryogenesis, classifications, and
associated syndromes and genes. Case reports, expe-
rimental or animal studies, and studies that were not
statistically significant were excluded.

RESULTS

Microphthalmia is defined as a condition wherein
the total axial length (TAL) of the eye is less than the
standard for patient age (<16mm at birth, <19mm
at 12 months, and <2Imm for adults (Table 1)
as well as corneal diameter <10mm at birth)". TAL
data considered normal is depicted in Table 2. Mi-
crophthalmia may be associated with cataract, an-
terior segment malformation, corneal opacity, and
posterior segment dysgenesis'®>!?. It can be bilateral
or unilateral. Additionally, its prognosis tends to be
worse when accompanied by corneal opacity, aniri-
dia, cataract, persistent fetal vasculature, and/or reti-
nal dysplasia. Eyes with microphthalmia usually have
a corneal diameter of <10mm; (Figure 1) however, when
the corneal diameter is >10mm, it is more appro-
priately defined as nanophthalmos or posterior mi-
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crophthalmia’’. Visual acuity depends on the extent
of retinal involvement and presence of any other as-
sociated changes. These are usually eyes with high
hyperopia, which may present staphyloma in the co-
loboma area (when present), with consequent high
myopia.

Anophthalmia is the complete absence of the eye-
ball in the presence of ocular adnexa (eyelids, con-
junctiva, and tear ducts)'"'?). It is extremely rare and
results from non-evagination of the optic vesicle. Fur-
thermore, the optic nerve and tract are usually absent.

Another anomaly described in the literature is na-
nophthalmos, defined as axial length of the eyeball
between 16 and 18mm without eye structure malfor-
mations. It features a shallow anterior chamber, high
hyperopia (between 15 and 20D), and a normal-si-
zed lens, which is large for this type of eyeball. Ves-
sels can be tortuous and engorged, and there may be
macular defects, chorioretinal pigment defects, and
a “full” optic nerve. Corrected visual acuity may be
normal during childhood, and prognosis depends on
complications that may occur throughout life.

Coloboma is a segmental malformation resulting
from failure of choroidal fissure closure; it can affect
the iris, choroid, and ciliary body in the case of uveal
coloboma, as well as the retina and optic nerve (Fi-
gures 2 and 3). One or more structures may present
defects'*!% which are located inferiorly in the infe-
ronasal portion of the eyeball in the embryonic fis-
sure closure pathway. Cyst formation can occur in
the area of the defect, resulting in protrusion. Large
colobomas may present with leukocoria, whereas
small choroidal colobomas may resemble a whitish

Table 1. Definition of Microphthalmia'

Age Total axial length
At birth <1l6mm
12 months <19mm
Adult <21mm

Table 2. Average normal total axial length according to age

Age Average total axial length (mm)
Premature 16.2
Term newborn 16.7
18 months 20.3
5 years 21.4
13 years 22.7
Adult 24.4

Fonte: LEVIN AV et al. 2018; ZANOLLI, M.; CAPASSO, J. The Wills Eye handbook of ocular
genetics. Thieme Medical Publishers, Inc. New York, 2018.2
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tumor, with a differential diagnosis of retinoblasto-
ma in rare cases. Coloboma is the most common in-
traocular malformation in microphthalmia, and ap-
proximately 50% of the subjects with coloboma are
affected bilaterally'®!.

Diagnosis in the gestational period

Diagnosis during pregnancy can be performed
using ultrasound (US). It is possible to detect anoph-
thalmia/microphthalmia at the beginning of second
trimester®). Magnetic resonance imaging, when avai-
lable, can also be used to supplement US!'),

Embryogenesis

During the 4% week of pregnancy, the optic vesi-
cle is formed through the evagination of neural tube
epithelium (at the level of anterior diencephalon).
The 5" week features the budding of lens vesicle and
invagination of optic vesicle, which morphs into a
cup shape, resulting in the so-called “optic cup” stage.
An invagination occurs in the ventral part of the
optic vesicle, forming a fissure (through which the
hyaloid artery and retinal axons pass)!'¥. Closure of
the fissure begins at its midpoint, which is simul-
taneously proximal to the peduncle and distal to
the optic cup edge; this process is completed within
about seven weeks!'?.

The occurrence of two events is important for
enabling proper development process and avoiding

Table 3. Classification of ocular malformation proposed by Mann'®.

coloboma: positioning of the edges and closure of the
fissure. The gene expression pattern must be appro-
priate in time and space to cause fusion; however, a
gene mutation may affect the cell-to-cell adhesion
mechanism, preventing proper fusion even in the
presence of anatomically well-positioned edges. In
addition, the optic cup edges along the optic fissure
should be juxtaposed with each other. A potential
mutation may delay the growth of developing optic
cup by not bringing the edges of the optic fissure close
enough for their fusion*?),

In essence, when there is any failure in eye deve-
lopment resulting from an event that interrupts this
process (between the 5% and 7" week of pregnancy),
there may be unilateral or bilateral and symmetrical
or asymmetrical malformations of the eyeball. When
this failure occurs at a late stage, the only manifesta-
tion may be iris colobomal''3.

Classification

There are several classifications used in different
studies. Over 50 years ago, Mann!'® proposed a clas-
sification for eye malformations according to presu-
med disruption of the development process and eye
size in each gestational phase (Table 3)°.

Another classification of the MAC spectrum is
based on the phenotype determined by embryology
and genetic etiology (Table 4). It divides conditions
into anophthalmia in one or both eyes, microphthal-
mia without any optic fissure closure defects, micro-

GD Size Normal development

Abnormalities

22-27 3mm Optic vesicle forms, lens placode forms.

28 7mm Optic cup, lens pit and vesicle form.

35-41 14mm Optic fissure closes, lens separates, retinal differentiation
and tunica vasculosa begins.

42-63 70mm Secondary lens fibres, secondary vitreous forms. Retinal

Anophthalmia.
Aphakia, congenital cystic eye, retinal dysgenesis.

Coloboma, microphthalmia +/— cysts, nuclear cataract.

Nuclear cataract, dysgenesis of anterior segment.

differentiation begins, ectodermal layers of the iris develop.

GD: gestational days of human embryos.

Table 4. Morrison et al'’

MAC - Morrison et al"

Anophthalmia

Microphthalmia NOFCD

Microphthalmia OFCD

Isolated Coloboma (Non-microphthalmia) OFCD

Microphthalmia not classified

NOFCD: nonoptic fissure closure defect; OFCD: optic fissure closure defect.
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Table 5. A Practical Classification of Microphthalmia/Coloboma

Isolated

¢ Microphthalmia
- Colobomatous
= Isolated uveoretinal coloboma
= Microphthalmia with cyst
- Non-colobomatous

Microphthalmia with Ocular Anomalies

¢ Microphthalmia with cataract

¢ Microphthalmia with myopia and corectopia

e Microphthalmia with ectopia lentis

¢ Microphthalmia with congenital retinal detachment
e Persistent Hyperplastic Primary Vitreous

¢ Aicardi syndrome

Microphthalmia with Mental Retardation

e Microphthalmia with mental retardation
¢ Microphthalmia with mental retardation and congenital spastic diplegia (Sjogren-Larsson)

Microphthalmia with Craniofacial Malformations

¢ Facio-Auriculo-Vertebral sequence

¢ Hallermann-Streiff syndrome

¢ Amniotic band syndrome

e Transverse facial cleft

¢ Microphthalmia with cleft lip/palate

¢ Microphthalmia with microcephaly

¢ Microphthalmia with microcephaly and retinal folds

¢ Microphthalmia with hydrocephalus and congenital retinal non-attachment (Warburg syndrome)

Microphthalmia with Malformations of the Hands and Feet

¢ Microphthalmia with polydactyly
e Waardenburg’s recessive anophthalmia syndrome

Microphthalmia with Multiple Congenital Anomalies (Syndromes)

* CHARGE association

¢ Duker syndrome

* Lenz microphthalmia syndrome

¢ Oculo-Dento-Osseous Dysplasia

¢ Cryptophthalmos syndrome

¢ Cerebro-Oculo-Facial Syndrome

* Goltz syndrome or focal dermal hypoplasia
* Lowe syndrome

* Meckel-Gruber syndrome

¢ Basal cell nevus syndrome of Gorlin-Goltz
¢ Cross syndrome

¢ Microphthalmia with linear skin defects

Microphthalmia in Chromosomal Anomalies

e T-13 (Patau)

e 4p- (Wolf-Hirschorn)

. 18(]'

e 18r

¢ T-18 (Edward)

¢ Cat-eye syndrome (marker 22)

¢ Other chromosomal aberrations

Microphthalmia and Intrauterine Insults

¢ Maternal drug intake: thalidomide, alcohol, isotretinoin, others

¢ Maternal vitamin A deficiency

¢ Maternal fever or radiation exposure

¢ Maternal uncontrolled phenylketonuria

¢ Intrauterine infections: CMV, EBV, Varicella, Herpes simplex, Rubella, Toxoplasmosis

Fonte: AAO - REVIEW DESEASES (https://www.aao.org/disease-review/microphthalmos-anophthalmos-coloboma-nanophthalmos)®
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phthalmia without any optic fissure defect, coloboma
in one or both eyes (with normal eye size), and un-
classified microphthalmia. Iris coloboma was defined
as an inferior defect of the iris or anterior stroma,
whereas chorioretinal coloboma was defined as tissue
absence in choroid and retina that may or may not
extend to the optic disc. Microphthalmia may not be
classified due to media opacity, which hinders the vi-
sualization of details.

A third classification can be used more com-
prehensively, including other alterations associated
with microphthalmia in addition to some risk factors
and chromosomal changes (Table 5)'V.

Genetics

Eye development is an extraordinarily complex
process and is controlled by a sequential and coor-
dinated expression of genes. The genetic etiology of
MAC spectrum is not well understood yet!®. Most
MAC cases are sporadic, and genetic mutations are
undetectable. However, clinical and experimental
evidence suggests heterogeneous genetic involve-
ment'®2!. The onset of eye development is controlled
by a complex network of signaling molecules, trans-
cription factors, structural proteins, and regulatory
targets, which interact in specific pathways, forming
differentiated tissues and cells in their due time of ac-
tion'1¢?223 Therefore, superimposed phenotypes and
clinical heterogeneity may exist as structural change
can occur at any stage of eye development.

With the advent of gene and whole-exome se-
quencing, the underlying molecular basis have been
discovered!'!!. More than 90 MAC-related genes have
already been identified?*. Additionally, chromoso-
mal abnormalities can be identified in an average of
25%-30% of subjects with MAC spectrum (Table 6),
including trisomy of chromosome 9, 13, or 18 in
addition to aneuploidy, triploidy, and microdeletion
and microduplication syndromes®. Table 7 descri-
bes the known genes involved, as well as inheritance,
ocular phenotype, and the most frequent clinical
associations!'?.

Genetic inheritance

Sporadic cases are the most frequent; however, au-
tosomal dominant, autosomal recessive, and X-linked
recessive inheritance have also been described!'!.

The genes most commonly involved in MAC are:
— Autosomal dominant pattern (AD): SOX2, OTX2,

BMP4, PAX6, CHD7, TEAP2A11, and GDF6'®),

— Autosomal recessive pattern (AR): RAX, FOXES,

STRA6, and SMOC11,

—  X-linked (XL) pattern: BCOR!#),

The genes least involved in MAC are:

— AD pattern: CRYBA4, HESX1, RARB, SHH, and

TEAP2A),

— AR pattern: PXDN, SMOC1, V§X2, and TENM3'®;
— XL pattern: HCCS, IKBKG, NAA10, NHS, and

PORCN®!,

In cases of nanophthalmos and posterior mi-
crophthalmia, biallelic mutations are observed in
PRSS56 or MFRP'Y,

Isolated microphthalmia has been associated
with the following gene loci® (Table 8):
~ AR pattern: CHX10, RAX, MFRP, PRSS56, and

ALDHIA3;

— Unknown genetic inheritance: GDF6 and GDF3.

Severe bilateral cases are more likely to have an
identifiable genetic cause!'®, especially when envi-
ronmental causes are not identified!'!).

Risk factors

Some risk factors for MAC have been described,
including drug use during pregnancy (such as thali-
domide, alcohol, and isotretinoin), vitamin A defi-
ciency, radiation exposure, uncontrolled maternal

Table 6. Common chromosomal changes related to Microphthalmia,
Anophthalmia and Coloboma (MAC)"

Type of chromosome
abnormality

Chromosome abnormality

Aneuploidy Trisomy 9 mosaicism
Trisomy 13
Trisomy 18

Triploidy Triploidy

Deletion 4p (Wolf-Hirschhorn syndrome)
Deletion 7p15.1-p21.1

13q-, ring 13
Deletion 14q22.1-q23.2
18q

Deletion 3q26 (includes SOX2)

Duplication Duplication 3q syndrome (3q21-ter dup)

Duplication 4p syndrome

Duplication 10q syndrome
Based on Verma & Fitzpatrick [2007]°, e Tania Bardakjian et al [2015]2.
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Table 7' Molecular genetics of the MAC spectrum, with most common ocular phenotype and clinical changes involved.

. % MAC and mutation . Ocular . A
Gene Disease in this gene Heritage Phenotype Associated clinic OMIM
SOX2 SOX2- related to 15%-20% AD Optic nerve FTT, genital anomalies, 184429
eye disorders hypoplasia pituitary dysfunctions, 206900
DD, ataxic march, atypical
convulsion, SNHL, EA +/- TEF
OTX2 OTX2- related 2% a 5% AD AS, RD, Optic ~ Anomalies/ pituitary disfunctions, 600037
to eye disorders nerve hypoplasia brain anomalies, DD, autism 610125
or aplasia
RAX Microphthalmia, 3% AR Sclerocornea DD 601881
isolated 611038
FOXE3 FOXE3-related 2,5% AR Sclerocornea Unknown, possibly DD, ASD. 601094
to eye disorder
BMP4 Orofacial cleft 2% AD RD Digital anomalies, learning 112262
Sclerocornea disorders, anomalies/pituitary 600625
dysfunctions
PAXG6 PAX-6 related to 2% AR Aniridia Cerebellar ataxia 607108
anophthalmia
CHD7 CHARGE >1% AD Choana Atresia, heart defect,renals 608892
syndrome abnormalities, developmental 214800
delay, eye malformations
STRAG6 Microphthalmia >1% AR Non syndromic 610745
isolated with
coloboma
STRAG6 Microphthalmia, >1% AR Congenital diaphragmatic hernia, 601186
(Matthew-Wood pulmonary malfomations, DD
Syndrome;
PDAC)
GDF6 Microphthalmia, 1% AD 601147
isolated 613094
Source: Tania Bardakjian et al [2015]".
Table 8. Isolated microphthalmia and known locus Diagnosis
Subtype Microphthalmia Gene/Locus Heritage Molecular genetic testing can identify the causative
MCOP1 (OMIM 251600 14932 AR gene in about 20% of the subjects with MAC spec-
MCOP2 (OMIM 610093) CHX10 (14q24) AR trum and around 80% of those with bilateral severe
MCOP3 (OMIM 611038) RAX (18921.3) Al anophthalmia/microphthalmia'¢252¢. Chromosomal
MCOP4 (OMIM 613094) GDF6 (8922.1) Unknown microarray analysis (CMA) or exome sequencing is
BICTOIE [ QILLAL G LR AR indicated for cases with multiple malformations'?7),
MCOP6 (OMIM 613517) PRSS56 (2q37.1) AR Additionally, aneuploidy or chromosomal duplica-
MCOP7 (OMIM 613704) GDF3 (12p13.1) Unknown . X . .
tion, deletion, or rearrangement are investigated
MCOPS (OMIM 615113)  ALDHIAS3 (15q26) AR

AR: Autosomal Recessive.
Fonte: LEVIN, A.V.; ZANOLLI, M.; CAPASSO, J. The Wills Eye handbook of ocular genetics.
Thieme Medical Publishers, Inc. New York, 2018.2

phenylketonuria, and maternal hypothyroidism'?.
Other known causes are intrauterine infections (cyto-
megalovirus, Epstein-Barr virus, Herpes simplex vi-
rus, rubella, and toxoplasmosis)!'.

using CMA!?),

Another diagnostic method available in large cen-
ters is single gene testing, which includes sequence
analysis and deletion or duplication analysis in addi-
tion to the analysis of genes that are more likely to
mutate based on an individual’s clinical findings
and/or family history!'?.

Multigene panel testing for genes of interest may
be requested. In some laboratories, clinicians indicate
which multigene panel is most likely to identify the

eOftalmo. 2020;6(4):76-85.
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genetic cause of the disease at the most reasonable
cost, whereas others have a custom panel designed
by the laboratory and/or phenotype analysis inclu-
ding genes specified by the physician. Multigene pa-
nel methods may include sequence, duplication, and
deletion analysis, or non-sequencing-based tests!!?.

If single gene testing or multigene panel testing
do not confirm the diagnosis in MAC spectrum,
more comprehensive genomic assays may be conside-
red, if available, including exome and mitochondrial
sequencing''?.

Reevaluation in two years is recommended if
no diagnosis is established after examinations and
tests!1?).

In cases of pregnancies with increased risk for
MAC spectrum due to family history, including al-
ready having a child affected by these conditions, the
test is based on genomic investigation of the affected
relative (if a genetic alteration has been found). If a
MAC spectrum anomaly is detected via US, addi-
tional diagnostic methods, such as CMA, SOX2 se-
quence analysis, deletion or duplication analysis, or a
multigene panel, are recommended’?. Multigene pa-
nel assays allow a family-directed diagnosis, not only
for the eye condition but also for potential systemic
conditions?®). Families wherein pathogenic variants
in a specific gene have already been identified, gene-
tic testing of the embryo may be performed before
implantation.

Eye complications and prognosis

Eye complications of microphthalmia/coloboma
include angle-closure glaucoma, subretinal neovascu-
larization, and, rarely, retinal detachment'!. Visual
prognosis depends on the phenotype of each eye. In a

study conducted by Hornby et al., isolated coloboma
was reported to have the best prognosis, with good
visual acuity in most cases. This was followed by
coloboma with microcornea, which has a moderate
prognosis; coloboma with microcornea and micro-
phthalmia, which has a poor prognosis; and microph-
thalmia with cyst, which has the worst prognosis®”.
It is noteworthy that, the volume of the eyeball tri-
ples between birth and adolescence under normal
conditions®?9.

Conduct

Treatment for MAC should be initiated within
the first few weeks of life. The first step is diagnostic
confirmation of the disease, and often additional exa-
mination, such as US imaging, is required.

The next step involves assessment of visual acui-
ty and function. It is important to have cycloplegic
refraction and prevent and/or treat amblyopia, insti-
tuting a conservative treatment. In unilateral cases,
the “good eye” should be protected, with proper cor-
rection of its refractional changes (Diagram 1).

As microphthalmia and anophthalmia cause de-
creased orbital volume, most cases develop hemifa-
cial asymmetry (since bone development depends on
this volume). Reconstruction techniques are used to
improve bone growth asymmetry and soft tissue hy-
poplasial®23,

In moderate microphthalmia, shapers (such as
ocular prosthesis) have been used, which progressively
increase in size to accompany bone development, fa-
voring a more symmetrical development of the face.
If possible, treatment should be initiated at around
6 months of age. In cases of severe microphthalmia
and anophthalmia, expanders should be used in the

MAC
|
i T '
i i i i Cycloplegic
Diagnosis Visual acuity Ve
CLINICAL ! ; 1 ——
| (biomicroscopy Tall Evoked visual Normal for | | Ametropy or
|and fundoscopy) Ser potential age anisometropy
Protective Treatment
~ Ultrasound Normal Low vision Normal :fb:;"v‘:: | glassesin | of prevention
] > the bf’“ eye | | of amblyopia
'
Nuclear -
. magnetic Ea_rly vla!.lal
resonance stimulation
of orbits

Diagrama 1. Management in the event of a suspected or diagnosed MAC.
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first weeks of life to increase palpebral fissure, fundus
of the conjunctival sac, and orbit'®3%), When the orbit
develops properly, an ocular prosthesis can be used
(Diagram 2).

One or more surgical interventions may be requi-
red, and silicone balloon expanders, hydrophilic poly-
mers, and dermis-fat grafts may be used as expanders.

In cases of microphthalmia with cyst, the approa-
ch depends on the degree of impairment, visual func-
tion, cyst size, and aesthetic condition of the patient.
Aspiration of the cystic content or excision of the cyst
can be performed with or without preservation of the
eyeball.

Patients should be referred to a pediatric services
for investigation of other associated systemic anoma-
liesi®!. A psychological assessment of patients and
their families is important, as they can benefit from
psychosocial support. Referral to a genetic specialist
is also important for genetic counseling.

Given the variation in visual acuity, it is prudent
not to predict visual acuity in babies based solely on
appearance, as they can have surprisingly good vision.
MAC impacts children’s lives significantly, similar to
acute lymphoblastic leukemia and chronic systemic
diseases!®?.

Figure 1. Microcornea and microphthalmia on the right.

DISCUSSION

Although various aspects about the etiology of
MAC are yet to be elucidated and clarified, various
studies are being conducted and knowledge on the
same has been increasing exponentially. It is expected
that novel treatment approaches will be possible at
an early stage of eye development in the fetus, which
may prevent the occurrence of genetic changes or fai-
lures during the vital period of eye formation.

Figure 2. Iris coloboma.

MAC
L1
1 1
de\lrle?:;gent Facial asymmetry
[ r I |
Severe
Follow up Moderate microphthalmy
microphthalmy | | 5 'ahophthalmos
Conformer with
_progressive Expanders in the
increase. start first weeks of life - :
around 6 months Figura 3. Newborn with important lower retinal and choroid coloboma,
without optical disc involvement. Retinography kindly provided by Dr.
Diagrama 2. Management of facial asymmetry secondary to MAC Cassiano R. Isaac e Dr. Rodolfo A. P. de Souza, Brasilia/Brazil.
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