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Abstract

This paper looks at congenital esotropia, its
phenotypic expression and the current theories on the
neural mechanisms undetlying the disorder. The
clinical spectrum of the disorder is outlined and
current research on latent nystagmus, asymmetries of
optokinetic nystagmus and defects in visual motion
perception are discussed. The aetiology of the disorder
is unknown but recent studies on the macaque monkey
which has naturally occuring congenital esotropia
provides the first neuroanatomic evidence for cerebral
cortex maldevelopments associated with the disorder.
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introduction

Congenital or Infantile Esotropia has been defined
as esotropia occurring in the first 6 months of lifel.
The incidence of the disorder has in the past been
reporied as1%* However recent studies have disputed
this and put the incidence as low as 0.27%* The
disorder has a variable phenotype but commonly there
is a constant large angle of deviation with associated
anomalies such as latent nystagmus, dissociated
vertical deviation , asymmetry of pursuit and
optokinetic nystagmus and poor potential for normal
binocular vision to develop.

Aetiology-theories

There are two main theories on the aetiology of
congenital esotropia and they largely shape the various
terminologies used for the disorder.

Worth postulated the aetiology of congenitat
esolropia was a congenital defect of the fusion faculty
and that restoration of normal binocular single vision
was therefore not possible®,Chevasse later postulated
that congenital esotropia developed as a result of
interference with the development of the conditioned
reflexes which in normal development lead to
binocular single vision®,

In a sense both were correct for certain phenotypes
of the disorder but neither explain the complete
clinical spectrum of congenital esotropia. Worth's
theory would explain congenita esotropia which fails
to develop any signs of binocularity in spite of surgical
intervention in eary life. Chevasse's theory on the
other hand would explain congenital esotropia which
develops albeit imperfect binocular single vision after
early surgical intervention.
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Terminology : Congenital vs Infantile

There has been much discussion regarding the
correct terminology for esotropia occuring early in
life. Congenital esotropia is a term we are all familiar
with and it implies the disorder is present from birth.
Neonate studies dispute this; Nixon and co-workers
examined 1219 neonates in an attempt to discover
whether esotropia is truly present at birth and found
that 49% were orthotropic, 33% were exotropic, 3%
were esotropic, and 15% were not sufficiently alert to
permit classification, None of the 40 esotropic
neonates demonstrated typical signs of congenital
esotropia but rather 17 had intermittent esotropia, 14
varied from esotropia to exotropia and 9 had variable
esotropia®. Three infants did go on to develop infantile
esotropia. Another study by Archer, Sondhi and
Helveston came to similar conclusions that normal
infants and those with congenital esotropia or
exotropia could not be distinguished on neonatal
examination’.

Lang summarises the situation thus; "does the term
congenital really mean the defect must be both present
and visible at birth?” At birth the visual system is
anatomically and functjonally immature and birth in a
way is a premature event for the visual system thus
congenital esotropia only manifests itself when the
visual system matures and the binocular system
becomes functional at 4 to 6 months of age®,

‘While the astiology remains unknown the
terminology will remain largely a debate of words.

Clinical Spectrum of Congenital
Esotropia

There are several syndromes that fall within the
spectrum of congenital or infantile esotropia and it
may be that they are simply the same basic disorder
varying in expression. These are:
Essentia] Infantile Esotropia
Lang's Congenital Esotropia Syndrome
Cianciz Syndrome
Adeistein -Cuppers Nystagmus Blocking Syndrome

Essential Infantile Esotropia(Von Noorden)’.

Onset birth to 6 months of age

Large stable angle which exceeds 30 prism dioptres
Defective abduction

Overaction of the Inferior Obliques

Dissociated Vertical Divergence (DVD)
Manifest/Latent nystagmus

Asymmetry of Optokinetic Nystagmus (OKN)
AHP

Lang’s Congenital Esotropia Syndrome - concentrates

on the four characteristics of a condition he labelled
"alternating sursumduction™?.
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Eaily onset

DVD

Nystagmus - latent in most cases
Excyciodeviation of the non fixing eye
Abnormal head posture (AHP)

Ciancia Syndrome - this emphasises nystagmus as the
most ciucial component characterising the syndrome?®.
Early onset

Bilateral limitation of abduction

Jerk nystagmus increasing in abduction and decreasing
in adduction

AHP with the face towards the side of the fixing ey
DVD :
Asymmetric optokinetic nystagmus

Nystagmus Blocking Syndrome. Adelstein and
Cuppers - proposed that the esotropia resulted from

hypertonicity of the medial recti caused by sustained
adduction of each eye and that the convergence
impulse dampens the nystagmus®,

Nystagmus increases or abduction

AHP with the face towards the side of the fixing eye
There is 2 straightening of the eyes under general
anaesthetic.

Thus the clinical correlation of early onset or
congenital esotropia with DVD, asymmetry of OKN
and latent/manifest nystagmus is well documented. The
pathogenesis is unknown and as stated it may be that
the various syndromes are simply phenotypic
variations of the same basic disorder.

Before discussion of the current research on
congenital esotropia, the following is a biief review of
the visual pathway and the mechanism of fusion.

Visual Pathway

Axons from the ganglion cells of the retina group
together and travel as the optic nerve to the optic
chiasm where the nasal fibres decussate. From the
chiasm the fibres then travel via the optic tract to the
lateral geniculate nucleus (LGN).

The LGN is a six layered structure. It is divided
into two ventral

magnocellular laminze and four dorsal
parvocellular laminae. Magnoceliular cells appear to
be concemed with movement, while parvoceliular
cells are concerned with stereopsis, colour and form
discrimination®, Lamina 1,4 and 6 receive axons from
the ganglion cells of the retina of the contralateral eye
and lamina 2,3 and 5 receive from the ipsilateral
retina™,

The LGN is a 'sorting station’ and from here the
highly organised fibres travel via the optic radjations
10 the visual cortex ( Brodmans area 17) which is also
referred to as visual area 1 or V1.

The axons of the LGN project essentially to layer
IV of the cortex where there is an alternation of ocular
dominance areas receiving fibres from left or right eye
but not both*. In layers just above and below area I'V
about half of the cells are binocularly driven from
corresponding regions in the two retinas. The striate

Congenital Esotropia - an overview

cortex is layered into parvocellular and magnocellular
recipient lamina. The axons of the corpus callosum
link the cerebral hemispheres.

The Fusion Mechanism

In congenital esotropia fusion deficits range from
impairment to total lack of fusion so it is important to
understand the neural mechanism of fusion.
Essentially there are two components, sensory and
motor fusion. Sensory fusion results from the
detection of two similar images, one with each eye,
and interprets them as one. Motor fusion aligns the
visual axes and ensures a single fused image during
vergence movements'. The extent of the disparity that
motor fusion can respond to is measured by prisms
and is called the fusion amplitudes.

At the retina visual input as light energy is
transformed into electrical energy and travels the
visual pathway to the occipital cortex.

Following decussation at the optic chiasm the
input from both eyes is sorted at the leve] of the lateral
geniculate nucleus and relayed to the visual cortex.
Here recognition of retinal image disparity generates
two different responses to disparity - motor fusion and
stereopsis (three dimensional perception).

Central stereopsis(fine) is a highly specific pattern
matching process operating over a narrow range of
horizontal spatial disparities. Peripheral stereopsis
(coarse) is a much less specific process which uses
retinal disparity cues outside Panum's area®.

Current Research Relating to Congenital
Esotropia

The Onset of Binocularity.

Current research has given us a clear insight into
the anatomical and physiological events that take place
postnatally in the development of binocular single
vision. Anatomically the visual system is immature at
birth in particular with regard to the retina, lateral
geniculate nucleus and visual cortex.

A morphological study on an 8 day old normal full
term infant has yielded important information on the
r¢tina in the immediate post natal period®. The study
confirmed the maturity of the peripheral retina at this
stage compared to the very immature macula.

The fovea is so poorly developed that the authors
suggested neonatal visual acuity must be extra foveal,

The lateral geniculate nucleus undergoes a
doubling of volume between birth and six months of
age.after which it remains stable into adult life®.

In the visual cortex synapse development,
synaptogenesis, occurs rapidly between 2- 4
months.The total volume of striate cortex reaches adult
size at 4 months.

There is evidence that binocular interactions
appear during this period. Such interactions inciude
stereopsis, equalisation of optokinetic nystagrrus
responses, and binocular summation of pupillary light
reflexes®.
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In the visual cortex there is initially a massive
growth spurt resulting in an over production and
redundancy of synaptic connections which reaches a
maximum between 4 and 8 months. The connections
are unspecified in terms of their function. Neuronal
circuits emerge in response to afferent stimulation and
stabilise and persist. There is a subsequent "pruning’ of
non utilised synapses. Synapse elimination occurs
between the ages of 8 months and 11 years.

This evidence of initial exhuberant synaptic
connections support the hypothesis of an anatomical
substrate for plasticity in the developing cerebral
cortex.

Animal Models for Congenital Esotropia

Macaque Monkey

The macaque monkey is considered the best non
human model for investigation of the neural
mechanisms of strabismus. Some macaque monkeys
have been found to develop early onset esotropia with
abnormal temporally directed horizental pursuit and
latent nystagmus similar to those documented in
strabismic hurnans®. :

Tychsen and Burkhalter and others have
investigated functional and structural abnormalities in
the visual cortex of squinting macaque monkeys in a
bid to provide an insight into human congenital
esotropia. They have demonstrated that there is a
structural anatomical basis for functional deficits in
infantile esotropia. Macaques with early onset
strabismus were found to have maldevelopment in
connections in ocular dominance columns in the upper
V1 layers of the visual cortex . Binocular horizontal
connections were reduced an average of 50/60% in
strabismic monkeys compared to normal monkeys.
Ocular dominance columns also showed greater
activity in nasally driven columns in each V1 area -
that is the contra lateral neurons inhibited the
ipsilateral neurons and this may ¢xplain alternate
suppression™?, This study provides the first
né¢uroanatoric evidence for cerebral cortex
maldevelopments in natural infantile esotropia. They
postulate that the defect could be congenital or that the
esofropia itself could cause excessive pruning of
connections early in life because of abnormal
binocular experience.

Siamese cat

The Siamese cat, like the macaque monkey, has a
naturally occuring esotropia. Studies by Hubel and
Wiesel have investigated the visual pathway in the
Siemese cat and have found it to be abnormal®.They
showed that the temporal fibres also decussate at the
optic chiasm. In turn the lateral geniculate nucleus has
anomalous layering patterns which suggest that at this
early level the substriates for fused binocular single
vision have been largely lost. Hubel and Wiesel found
that in the visual cortex of the Siamese cat the area
that would normally receive inputs from central vision
have projections from retinal areas up to 30 degrees
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from central vision. In addition they have found that
the vast majority of striate cortex units investigated
were only activated by monocular contralateral eye
stimulation.

An experiment by Cool and Crawford conducted
on Siamese cats involving three subgroups -
orthophoric, moderate angle esotropia and large angle
esotropia, yielded results that were interesting.
Basically they found that none of the cats had
binocular or ipsilaterally activated cells in the visual
cortex. They hypothesised that as two cats were
orthophoric this supported the theory that the squint is
primary and does not develop from a central defect of
coding mechanism for fusion®.

The development of esotropia in Siamese cats
mimics that of humans in that initialty the eyes diverge
in the neonate stage and converge at three months.
Moreover the degree of misalignment varies greatly.

Stamese cats present a model that the abnormal
pattern of decussation at the chiasm that is an
abnormal anatomical condition can lead to anomalous
projections in the geniculostriate pathway that prevent
the development of normal binocular single vision™,

Asymmetries of opiokinetic nystagmus
and motion perception.

Optokinetic Nystagmus (OKN)
Asymmetry.

Optokinetic nystagmus is an oscillatory response
to moving targets. It consists of a slow phase (pursuit)
followed by a rapid refixation {saccade). The pretectal
nucleus of the optic tract contains direction selective
neurons that are believed to be involved in OKN
IESpONSes.

In a normal neonate, monocular optokinetic
nystagmus is asymmetrical; - the response to a
stimulus moving in the nasal-temporal direction is
significantly reduced compared to the response in the
temporal - nasa] direction®. This asymmetry decreases
with age and becomes symmetrical at around 6 months
of age when the binocular reflexes are established.

In congenital esotropia it has been found that the
reduced temporally directed monocular horizontal
OKN persists. Mein studied this asymmetric OKN and
concluded that only patients with the triad of early
onset strabismus, nystagmus and DVD consistently
demonstrated asymmetry of uniocular OKIN®,

However a more recent study suggested that the
OKN response was directly related to the age of onset
of the strabismus. The earlier the onset the more likely
the OKN response will be asymmetric®. This was
confirmed in a study which found that OKN responses
remained asymmetric in a group of congenital
esotropes even though they were aligned before 5
months and went on to achieve good stereopsis®.

A recent study by Westall and others looked at a
group of 14 infants and toddlers with congenital
strabismus and found none of them developed
symmetric monocular OKN. However 45% did elicit
sensory-corticai fusion. They concluded that




optokinetic nystagmus asymmetry may not be
associated with a deficit in cortical fusion but rather
with deficits in binocular pathways projecting to OKN
control centres®.

In summary, current research supports the theory
that monocular optokinetic nystagmus asymmetry is
related to the age of onset of strabismus and not to the
potentia] for binocularity.

Defects in Visual Motion Processing
Recent work has shown that smooth pursuit

movements are driven by visual inputs from the

cottical pathways for motion processing.

Congenital esotropes have been found to have a
number of abnormalities of ocular motor responses
that imply asymmetry of the motion processing
mechanism with nasal to temporal motion being
defective.

These studies have found that in congenital
esolropes:

1. Monocular OKN is defective in nasal to
temporal direction, as previously mentioned.

2. Pursuit eye movements are defective with
failure to track smoothly from nasal to temporal
direction unioculary. i

3 There is failure to judge velocity of targets
moving in the nasal to temporal ditection®

These deficits are considered to be due to
maldevelopment in the motion processing of the visual
cortex although whether the strabismus being present
at a critical developmenta] period causes the defect or
whether the strabismus is a result of an abnormal
emphasis on nasally directed motion is not clear.

A study by Noicia, Hamer, Jampolsky and Orel-
Bixter found that motion processing showed plasticity
in the critical developmental period and the magnitude
of directional bias improved after early surgery in a
group studied®. They felt that there was a critical
period for the development of binocular direction
selective mechanisms during which accurate alignment
may be effective in promoting recovery of response.

Latent Nystagmus

Latent nystagmus (LN) is a congenital jerk
nystagmus which manifests on covering one eye or
reducing image brightmess in one eye. The term
manifest latent nystagmus was introduced by
Dell'Osso to describe manifest nystagmus with the
same characteristics as Jatent nystagmus that is, the
nystagmus increases on reducing input to one eye®. He
felt this was the same as nystagmus associated with
congenital esotropia and that it only appeared as Jatent
nystagmus because the very low amplitude wiyh both
eyes open was not observed clinically. Essentially the
characteristics of latent nystagmus and manifest latent
nystagrmus are the same with a fast phase (jerk) to the
temporal side on the fixing eye and a slow nasal
movement or slip.

Kommerell hias postulated that latent nystagmus is
due to the same defect in naso-temporal symmetry that
affects pursuit and optokinetic systems. Normals
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employ two controls to pursue, foveation or position of
the image in relation to the fovea, and retinal slip. He
hypothesised that the asymmetry of smooth pursuit
and LN are due to maldevelopment of retinal slip He
argues that the key factor in producing these
asymmetries is the reduced binocularity rather than
monocular or binocular deprivation.*

Current Genetic Studies

Strabismus Inheritance Study in
Tasmania (SIST)

The SIST study is a genetic study looking for the
genes that predispose individuals to congenital
esotropia. The study hypothesises that congenital
esotropia is a genetic disorder which results in
anatomical changes which affect the development of
the binocular reflexes and normal binocular single
vision. The expression of the gene varies in severity
and the milder phenotypes do have the anatomical
structure to develop subnormal binocular vision if the
eyes are aligned surgically at at an early age. The more
severe phenotype will never have the structure in place
to develop any form of binocularity.

The study is currently looking at several candidate
genes looking for mutations that segregate with
affected individuals in 25 sibling pairs with congenital
esotropia. The initial candidate genes under
investigation are genes that relate to the development
of axonal direction in the visual pathway.

CONCLUSION

The aetiology of congenital esotropia is unknown.
Current research or the clinical manifestations of the
disorder and anatomical studies on the macaque
animal model have done much to enlighten us on the
neural mechanisms underlying the disorder.
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