
Received: 7 August 2002
Revised: 9 April 2003
Accepted: 7 May 2003
Published online: 18 June 2003
© Springer-Verlag 2003

Abstract Background: Congenital
fibrosis of extraocular muscles
(CFEOM) is a complex strabismus
syndrome that typically occurs in
isolation and results from dysfunc-
tion of all or part of cranial nerves
III (CNIII) and IV (CNIV) and/or the
muscles that these nerves innervate.
Only a few patients with CFEOM
and additional central nervous
system malformations have been re-
ported. We describe four additional
patients with CFEOM associated
with central nervous system (CNS)
abnormalities. Methods: Four pa-
tients who presented with congenital
restriction of eye movements in as-
sociation with neurological abnor-
malities underwent complete oph-
thalmological examination including
electroretinography (ERG) and eye
movement recordings. Neurological
examinations, neuroradiological
studies, muscle histology, chromo-
somal and genetic linkage analysis
were performed. Results: Clinical
examination and forced duction test-
ing confirmed that all four patients

met criteria for CFEOM; all had con-
genital restrictive ophthalmoplegia
primarily affecting extraocular mus-
cles innervated by the oculomotor
nerve. Two brothers had CFEOM
and Marcus Gunn jaw winking. 
In each of the four cases, CFEOM 
occurred in association with one or
several neuroradiological findings,
including agenesis of the corpus cal-
losum, colpocephaly, hypoplasia of
the cerebellar vermis, expansion of
the ventricular system, pachygyria,
encephalocele and/or hydrancephaly.
Conclusions We present four cases
of CFEOM in association with CNS
malformations that confirm that
CFEOM can be part of a more com-
plex neurological dysfunction and
provide further support to a neuro-
genic aetiology for this disorder. We
also describe for the first time the
coexistence of CFEOM and Marcus
Gunn jaw winking in two siblings.
This suggests a genetic mechanism.
Aberrant innervation supports prima-
ry developmental abnormality of cra-
nial nerves in CFEOM.
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Introduction

Congenital fibrosis of extraocular muscles (CFEOM) is a
relatively rare disorder characterised by congenital re-
strictive ophthalmoplegia and ptosis, frequently with the
primary position of the eyes fixed in downgaze, leading
to a compensatory backward tilt of the head. Patients
may have aberrant convergent eye movements on at-
tempted upgaze [1]. This syndrome was first described

in 1879 by Heuk, who showed on post-mortem examina-
tion that the extraocular muscles were fibrotic and ab-
normally inserted [2]. There has been controversy as to
whether the primary pathology of CFEOM is intrinsic to
the extra ocular muscles (EOM) (myogenic) or second-
ary to faulty neuronal connections of the EOM (neuro-
genic). A primary myogenic aetiology has been suggest-
ed by a “fibrotic” feel to the EOM at surgery, and by re-
ports of light- and electron-microscopy studies of EOM
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biopsies showing replacement of myofibres by fibrous
connective tissue and collagen [3]. Studies of the molec-
ular genetic and neuropathological bases of CFEOM,
however, support a neurogenic cause for this disorder.

CFEOM is frequently inherited and, to date, three
CFEOM phenotypes and three FEOM genetic loci have
been identified. Most families whose phenotypes map to
the FEOM1 locus on chromosome 12 have dominant
CFEOM1 [4, 5]. In these families, all affected members
have bilateral ptosis and globe infraduction, referred to as
“classic CFEOM”. Neuropathological examination of an
affected member of a CFEOM1 family linked to the
FEOM1 locus revealed that the superior rectus and levator
muscles, but not the inferior rectus, were fibrotic, and
there was an absence of the superior division of the oculo-
motor nerve and of the corresponding oculomotor subnu-
clei in the midbrain [6]. These findings are consistent with
a primary neurogenic defect in the development of specif-
ic oculomotor subnuclei. Families whose phenotypes map
to the FEOM2 locus on chromosome 11q13 have reces-
sive CFEOM2 with bilateral exotropia [7]. The affected
members of these families harbour homozygous mutations
in the ARIX (PHOX2A) gene [8]. Arix encodes a transcrip-
tion factor necessary for the development of the oculomo-
tor and trochlear nuclei [9, 10], establishing that this form
of CFEOM is neurogenic in aetiology. Lastly, families
whose phenotype maps to the FEOM3 locus on chromo-
some 16qter have dominant CFEOM3 with variable ptosis
and abnormalities of vertical gaze [11]. The sporadic oc-
currence of CFEOM has also been reported [1].

Although CFEOM is typically unaccompanied by any
other abnormalities, rare reports of patients with CFEOM
in association with central nervous system (CNS) disor-
ders also lend support to a neurogenic aetiology. Previous
reports include four patients with sporadic CFEOM in 
association with Marcus Gunn jaw-winking phenomenon
(trigemino-oculomotor synkinesis characterised by upper
eyelid ptosis associated with elevation of the ptotic eyelid
when the ipsilateral pterygoid muscle contracts) [12, 13],
a case of CFEOM with synergistic divergence [13], two
patients with CFEOM and Joubert’s syndrome [14, 15],
and a mother and two children with CFEOM associated
with cortical dysplasia and maldevelopment of the basal
ganglia [16]. Recently, a case of CFEOM and elevation
of one eye during tooth brushing due to aberrant regener-
ation between the nerve to the superior rectus and the tri-
geminal nerve was described [17]. In this paper we pres-
ent four additional clinical cases of congenital ocular 
fibrosis syndrome associated with CNS abnormalities.

Materials and methods

Clinical features

We identified and examined four boys in three unrelated families
between the ages of 3 weeks and 12 years who presented with

congenital restriction of eye motility and CNS malformations. 
Informed consent for all examinations was obtained from the pa-
tients’ parents. All subjects underwent complete ophthalmological
examination. Visual acuity was tested using the preferential look-
ing (PL) method, where PL acuity cards were positioned at a test
distance of 38 cm. Electroretinography (ERG) recordings were
performed according to ISCEV standards [18] in two of the pa-
tients. In two patients, eye movements including horizontal and
vertical fixations, saccades, and pursuit movements were recorded
by electro-oculography (EOG) using the EOG Vision Monitor
System (Metrovision, Villeneuve d’Ascq, France) with Stat-Trace
II electrocardiographic electrodes (Niko Med USA, New Bruns-
wick, NJ). Eye position was recorded on a digital computer with a
sampling rate of 230 Hz. Data were converted from analogue to
digital with 12 bits.

In three of the patients magnetic resonance imaging (MRI) scans
of the brain were obtained on a 1.5 T magnet. In one patient com-
puted tomography (CT) of the brain was performed. EOM biopsy
specimens were obtained from all patients during strabismus sur-
gery, taken between about 10 and 13 mm from insertion of the 
inferior rectus muscle. For each biopsy a small sample of tendon,
muscle and conjunctiva was removed and snap frozen in liquid 
nitrogen. Histology was evaluated with haematoxylin–eosin, tri-
chrome and Elastica van Gieson staining.

Molecular analysis

Chromosomal analysis of patient 1 was performed. Blood samples
were collected and lymphocyte DNA was extracted from the two
brothers (patients 1 and 2) and five additional members of their
family. Linkage studies and haplotype analysis were conducted 
using polymorphic DNA microsatellite markers. To assess linkage
to each locus, the following markers were analysed: (1) FEOM1
locus [5] markers AFM136xf6, D12S1648, D12S345, D12S1692,
GATA63D01, D12S59, D12S1048, and D12S1668; (2) FEOM2 lo-
cus [7] markers D11S1337, D12S4196, D11S4162, D11S1314, and
D11S13692; (3) FEOM3 locus [11] markers D16S486, D16S2621,
D16S3121, D16S3063, and D16S303. Primer sequences are avail-
able from Genome Data Base (http://gdbwww.gdb.org). Primers
were purchased from Genosys Biotechnologies. Amplification and
analysis of repeat polymorphisms were performed as reported pre-
viously [4, 5, 6].

Statistical analysis

Lod scores were calculated with the Fastlink version 3.0 package
of programs under the assumption of autosomal dominant in-
heritance with complete and 90% penetrance (FEOM1, FEOM3),
and autosomal recessive inheritance with complete penetrance
(FEOM2). Lod scores were calculated twice, once assuming that
the maternal uncle was affected (2) and once assuming that he was
unaffected (1). In both calculations, the affected brothers were
scored as affected (2), and all the remaining members of the fami-
ly were scored as unaffected (1). Data on the population incidence
of the mutation is unavailable; for lod score calculations, we used
a disease incidence of 1/1000 births and 10 marker alleles of equal
frequency, as done previously [7, 11].

Results

Patient 1

This 21-month-old boy initially presented to medical at-
tention at 2 months of age because of bilateral ptosis and
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presumed nystagmus noted shortly after birth. His
younger brother (patient 2) was also affected. Their non-
consanguineous parents, grandparents, and an older
brother were not affected. On ophthalmological exami-
nation, all of them had normal vision, full eye motility
and no ptosis. A maternal uncle reportedly had ptosis but
was not examined by the authors. Pregnancy and birth
were normal. Ophthalmological examination at 2 months
of age revealed that at rest his eyes were in downgaze
with a large exotropia (Fig. 1, left). He had reduced ocu-
lar motility in all directions of gaze, he could not raise
his eyes above the horizontal midline, and upgaze could
not be elicited. On attempted upgaze pronounced conver-
gence eye movements which mimicked nystagmus could
be seen. A bilateral Marcus Gunn jaw winking syndrome
was present which caused pronounced rhythmic move-
ments of both upper eyelids while the patient was suck-
ing on his bottle. Cycloplegic refraction showed hypero-
pia of +2.0 sph in both eyes. At 4 months of age grating
visual acuity was normal in the right eye (0.15), and de-
creased (0.04) in the left exotropic eye, probably due to
amblyopia. Fundus examination and ERG were normal.
Eye movement recordings by EOG showed convergent
eye movements of high amplitude and low frequency on
attempted upgaze, mimicking dysconjugate nystagmus,
and smaller and faster convergence movements on pri-
mary gaze (Fig. 2). Neurological examination revealed
microcephaly, mental and physical retardation and mus-
cle hypotonia. MRI showed agenesis of the corpus callo-
sum, vermis hypoplasia (Fig. 1, right) and colpocephaly,
a dilation of the occipital horns due to absence of the

corpus callosum splenium. The brainstem had an abnor-
mal configuration in the region of the pons without a dis-
tinct tectum. At 21 months of age a large recession of
both inferior rectus muscles was performed to correct a
pronounced retroflexed head position. Traction tests
were positive for restriction. The muscles felt stiff and
were thinner than normal. Histological examination of
inferior rectus muscle biopsy revealed an augmentation
of collagen and fibrous tissue and a reduced number of
atrophic muscle fibres. Chromosomal analysis showed a
normal karyotype of 46XY. Results of genetic linkage
analysis are discussed below.

Patient 2

The younger brother of patient 1 had unilateral ptosis of
the left eye at birth (Fig. 3, left). Ophthalmological 
examination, first carried out at the age of 3 weeks, re-
vealed an ocular motility pattern similar to that of his
brother. The eyes were hypotropic and exotropic at rest.
He could not raise his eyes above the horizontal midline,
and it was not possible to evoke upgaze voluntarily or by
vestibular ocular reflex. Convergent horizontal eye
movements and an exotropia of the left eye were ob-
served on attempted upgaze. Marcus Gunn jaw-winking
phenomenon was present on the left side. Cycloplegic
refraction showed hyperopia of +4.25 sph with a astig-
matism of +0.5 cyl/180° in the right eye and hyperopia
of +4.75 sph with astigmatism of +0.75 cyl /180° in the
left eye. Fundus examination revealed a decreased size
of the optic disc in both eyes and a hypopigmentation 
of the fundus periphery. ERG was normal. Imaging by
cranial ultrasound and MRI revealed agenesis of the 
corpus callosum, vermis hypoplasia (Fig. 3, right) and
colpocephaly. The brainstem was underdeveloped. At 

Fig. 1 Patient 1. Left: The patient presents with a chin-up head
position and bilateral ptosis and exotropia. Right: Cerebral MRI 
in the sagittal plane of patient 1 showing agenesis of the corpus
callosum and vermis hypoplasia
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7 months of age a large recession of both inferior rectus
muscles was performed to correct the abnormal head 
position with elevation of the chin. Traction test 
was positive for restriction, muscles were thinner than
usual and felt stiff. Histological examination of inferior 
rectus muscle showed an increase in collagen and fibrous
tissue and a numerical decrease and atrophy of muscle
fibres. Results of genetic linkage analysis are discussed
below.

Patient 3

A 12-year-old boy presented with a history of neonatal
asphyxia, microcephaly and psychomotor retardation.
Examination showed his eyes fixed in downgaze with
chin up and to the left, absence of ptosis, esotropia of 
the right eye, and reduced eye motility in all directions
of gaze with an inability to raise his eyes above the 
horizontal midline. Upgaze could not be evoked, and on 
attempted upgaze he showed convergence movements.
Dilated refraction revealed hyperopia of +0.25 sph with
astigmatism of −1.0cyl /125° in the right eye and +1.50
hyperopia and −3.5 /175° astigmatism in the left eye. 
Visual acuity was 0.16 in both eyes. Fundus examination
was normal. EOG showed latent nystagmus, and conver-

Fig. 2 Patient 1 Left: Original EOG recordings of horizontal posi-
tion of the right eye (top trace) and left eye (bottom trace) of pa-
tient 1 on attempted upgaze. Convergent eye movements mimick-
ing nystagmus of up to 40° and a frequency between 0.5 and 1 Hz
can be observed. Right: Original EOG recordings of horizontal
position of the right eye (top trace) and left eye (bottom trace) of

patient 1 during horizontal saccades and downgaze. Convergent
eye movements are less pronounced than in attempted upgaze.
Amplitudes of 2–4° and frequencies of up to 4 Hz can be seen.
Upward movements on recordings depict movements towards the
right and downward tracings, movements towards the left

Fig. 3 Patient 2 Left: The patient presents at birth with ptosis of
the left eye and exotropia. Right: Cerebral MRI in the sagittal
plane showing agenesis of the corpus callosum and vermis hypo-
plasia
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gent eye movements. Craniocerebral CT scan revealed
symmetrical expansion of the ventricular system (mainly
third and fourth ventricles) with enlargement of the sub-
arachnoid area and pachygyria. It showed a wedge-
shaped hypodense lesion reaching from the right lateral
ventricle to the cortex possibly consistent with an infarct
in the middle cerebral artery territory or with a porence-
phalic cyst. The traction test was positive for restriction
in all directions. Surgery of the medial and inferior rec-
tus muscles was performed to correct the abnormal head
position and revealed stiff and thin-appearing muscle.
After disinsertion from the globe the forced duction test
was relieved. Muscle biopsy showed replacement of
muscle tissue by collagen fibrils, consistent with fibrosis
syndrome.

Patient 4

An 8 year-old boy born by caesarean section 3 weeks 
before term presented with a history of neonatal asphyx-
ia, occipital encephalocele and hydrancephaly. He had
psychomotor retardation and epilepsy. Ophthalmological
examination revealed bilateral ptosis, chin-up head posi-
tion, exotropia on fixed downgaze and no vertical eye
motility. Convergent eye movements could be observed
on attempted upgaze. Cycloplegic refraction showed an
astigmatism of +1.0 /20° in the right eye and hyperopia
of +0.5 with astigmatism of +1.25 cyl /160° in the left
eye. Visual acuity was 0.16 in both eyes. Fundoscopy re-
vealed pale optic discs. MRI examination showed the
presence of residual temporal and partial frontal brain.
During recession of both inferior rectus muscles to cor-
rect the chin-up position the traction test confirmed re-
stricted abduction and upgaze. Muscle biopsy revealed
extensive endomysial fibrosis of the muscle fibres with
varying diameters (Fig. 4).

Genetic analysis

Patients 1 and 2 are brothers, which makes it possible 
to study linkage of their phenotype to the FEOM loci.
Seven members of their family, including the two pa-
tients and the older brother, parents, maternal grand-
mother, and maternal uncle, participated in the linkage
study (Fig. 5). Given this family’s structure, it is possible
that the two brothers and their uncle have inherited either
an autosomal dominant mutation with reduced pene-
trance and variable expressivity or an X-linked mutation.
Alternatively, the uncle’s ptosis could be incidental and
the two boys have inherited an autosomal recessive mu-
tation or an autosomal dominant mutation with reduced
penetrance. Clinical examination of the parents, grand-

Fig. 4 Patient 4. Haematoxylin–eosin preparation of muscle bi-
opsy specimens of patient 4 reveals extensive endomysial fibrosis
of the muscle fibres

Fig. 5 Haplotype analysis for
the pedigree of patients 1 and
2 at the (left) FEOM2 locus 
on chromosome 11, (centre)
FEOM1 locus on chromosome
12 and (right) FEOM3 locus on
chromosome 16. Black symbols
denote those individuals with
CFEOM and CNS malforma-
tions. Half-filled symbol de-
notes the individual with ptosis.
Genotyping data and schematic
segregating haplotype bars for
polymorphic markers at each
critical region are shown below
the symbol for each study 
participant



unintentional biopsy of the tendon to muscle transition
zone [6].

The CFEOM phenotype found in patients 1 and 
2 most closely resembles CFEOM3. Families with
CFEOM3 may demonstrate reduced penetrance and vari-
able expressivity. Therefore, it is unclear whether the un-
cle’s apparent ptosis with no evidence of additional CNS
maldevelopment results from variable expressivity of 
a mutation he shares with his nephews or whether the
ptosis results from an unrelated process. Genetic analysis
of the family reveals that their phenotype is consistent
with linkage to FEOM3 but not to FEOM1 or FEOM2.
Therefore, although the family is small and co-inherit-
ance of the phenotype and FEOM3 could have occurred
by chance, the patients will be screened for mutations in
the FEOM3 disease gene once it has been identified. Of
note, there have been no previous reports of additional
CNS maldevelopment occurring in affected members of
FEOM3-linked CFEOM families. Patients 3 and 4 pres-
ent with sporadic disorders that could result from either
de novo mutations, recessive disorders, or non-genetic
causes.

All four boys have aberrant residual eye movements
with synergistic convergence or divergence, and the two
brothers have the Marcus Gunn jaw-winking phenome-
non. There have been reports of synergistic convergence
and divergence in CFEOM1 and unclassified CFEOM
families [6, 13], suggesting aberrant innervation of the
EOMs. Marcus Gunn jaw winking has been reported in
four sporadic cases of CFEOM [13, 19] but, to the best
of our knowledge, this is the first report of this associa-
tion in familial CFEOM. The Marcus Gunn phenomenon
has been attributed to aberrant innervation of the levator
muscle by a misdirected branch of the fifth cranial nerve
[20]. Therefore, these findings also support the concept
that aberrant innervation of the extraocular muscles
plays a role in the pathology of CFEOM and suggest a
primary neurogenic mechanism. Although the aetiology
of the Marcus Gunn phenomenon is unknown, reports of
three families segregating it as an isolated finding sug-
gests a primary genetic aetiology, at least in some cases
[21, 22, 23]. The occurrence of Marcus Gunn jaw wink-
ing and CFEOM in siblings, as in our patients 1 and 2,
suggests either a primary genetic mechanism or aberrant
innervation that has occurred secondary to genetic errors
in the development of the oculomotor nucleus. The three
familial cases of Marcus Gunn phenomenon and our two
siblings with Marcus Gunn phenomenon, cerebral mal-
formation and CFEOM may be consistent with incom-
plete autosomal hereditary pattern with varied expressiv-
ity.

Unlike the majority of reported individuals with
CFEOM, whose disorder is limited to the EOM lower
motor neuron unit, our patients all have associated
anomalies of their cerebellum and/or cerebral cortex. In
patients 1 and 2 the brain changes were very similar,
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parents and an older brother showed that all of them had
normal vision, full eye motility and no ptosis. Although
the family contains too few participants to establish link-
age to a specific genetic locus, haplotype analysis of the
family using markers that span each FEOM critical 
region can either exclude linkage or be consistent with
linkage to a specific locus.

Taking into consideration these various models, the
CFEOM phenotype in this family is not co-inherited
with either the FEOM1 or FEOM2 loci, excluding link-
age to these loci based on lod score and haplotype analy-
sis. At the FEOM1 locus, the affected boys do not share
any parental haplotypes and the maternal uncle with pto-
sis does not share any haplotypes with either boy. At the
autosomal recessive FEOM2 locus, the boys share the
same paternal, but not maternal, haplotype. The uncle
with ptosis shares neither haplotype.

Analysis of the FEOM3 locus in this family is consis-
tent with autosomal dominant inheritance with reduced
penetrance and variable expressivity. This is the inherit-
ance pattern reported in the first published CFEOM3
family [6]. The two affected boys, their possibly affected
maternal uncle, and their unaffected mother and maternal
grandmother all inherit a common haplotype across the
FEOM3 region (Fig. 5). Given the small family size, the
maximum lod score is only 0.56 at a theta value of zero,
assuming the maternal uncle is affected, 90% pene-
trance, and autosomal dominant inheritance. Therefore,
although the data is consistent with linkage to the
FEOM3 locus, this inheritance pattern may have oc-
curred by chance. Of note, loss of a parental allele was
not observed in either patient 1 or 2 at any of the FEOM
loci, suggesting that a contiguous gene deletion syn-
drome encompassing one of the FEOM loci is unlikely.

Discussion

We describe four boys from three unrelated families, all
of whom have CFEOM, developmental delay, and neu-
roimaging findings that reveal central nervous system
malformations. The CFEOM phenotype in two of the
four boys (patients 1, 4) is “classic”—each has bilateral
ophthalmoplegia and ptosis, with the eyes fixed in
downgaze and an inability to raise either eye above the
horizontal midline. Patients 2 and 3 are not classic be-
cause they have unilateral and absent ptosis, respective-
ly. Examination of the biopsied inferior rectus muscles
revealed connective tissue and some residual myofibres.
The retention of limited eye movements in some of our
patients and the presence of residual myofibres in inferi-
or rectus muscles suggest that extraocular muscle func-
tion is not completely lost, but in agreement to previous
studies replacement of myofibres by fibrous connective
tissue and collagen is shown [3]. Although this finding
may reflect pathological fibrosis, it may also result from
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showing agenesis of the corpus callosum, vermis hypo-
plasia, colpocephaly and abnormal configuration of the
pons and the tectum. It is most likely that these cases are
genetic. In contrast, in patients 3 and 4, who were spo-
radic cases, more severe brain changes including pachy-
gyria, expansion of the ventricular system, encephalocele
and hydrancephaly were seen. These are anomalies that
can result from an early first trimester genetic or envi-
ronmental insult. The oculomotor nuclei and EOMs de-
velop and migrate during the first trimester as well.
Therefore, either a genetic mutation or a first trimester
environmental insult could potentially result in the com-
bination of CFEOM and the other CNS abnormalities in
patients 3 and 4. If in all four of the patients the disor-
ders are of genetic origin, they may reflect different ge-
netic aetiologies. Although this association lends support
to a neurogenic aetiology for CFEOM, common mecha-
nisms can also cause both congenital muscle and brain
abnormalities. For example, in certain types of generali-
sed congenital muscular dystrophies, such as the Fukuy-
ama type, the muscle disease is associated with micro-
polygyria and other brain malformations [24].

There are similarities between the patients in this
study and patients reported with Joubert’s syndrome. The
diagnostic criteria of Joubert’s syndrome include vermis
hypoplasia, hypotonia, developmental delay and one or
both of abnormal breathing and abnormal eye movements
[25]. The eye movements are typically described as irreg-

ular jerky [26] or as oscillatory [27]. Similar eye move-
ments, corresponding to convergent eye movements rath-
er than nystagmus, have also been described in patients
with CFEOM without Joubert’s syndrome. Interestingly,
there have also been two reports of children who, like pa-
tients 1 and 2, meet criteria for both Joubert’s syndrome
and CFEOM [14, 15]. Moreover, similar to our patients,
cases of Joubert’s syndrome without CFEOM but with se-
vere psychomotor retardation, meningoencephalocele,
dysgenesis of the corpus callosum and abnormalities of
the medulla have been described [28, 29, 30, 31]. Autoso-
mal recessive inheritance, which is postulated in Joubert’s
syndrome [25], is also possible in our patients [1].

In conclusion, we present four additional cases of
CFEOM in association with CNS malformations show-
ing that CFEOM can be part of a more complex neuro-
logical dysfunction. CNS abnormalities of our patients
had similarities to patients with Joubert’s syndrome. Two
brothers had Marcus Gunn jaw winking in combination
with CFEOM and evidence of more diffuse CNS malde-
velopment. Aberrant innervation supports primary devel-
opmental abnormality of cranial nerves in CFEOM. To
the best of our knowledge we describe the first siblings
with both CFEOM and Marcus Gunn jaw winking.
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