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The onset of concomitant strabismus in most cases occurs
during early infancy or childhood.' The two major
categories of early onset concomitant esotropia are accommodative and congenital (infantile). While some disagreement exists as to the appropriate treatment of these
strabismic disorders, there is general consensus that these
are not usually causally related to any serious underlying
neurological pathology.
In contrast, the patient who presents with the acute
onset of esotropia and diplopia should prompt a careful
consideration of whether or not the strabismus is a sign of
serious central nervous system pathology. First and foremost, one needs to establish if the deviation is concomitant
or inconcomitant. An acute onset esotropia with inconcomitance must be considered to be the result of paresis of
the lateral rectus muscle (abducens nerve) until proved
otherwise. There is no doubt that the vast majority of neuropathic or myopathic causes of strabismus present as an
inconcomitant deviation.
On the other hand, does concomitancy in an acute onset
esotropia assure one of the benign underlying nature of the
strabismus? Until recently most authorities would probably
have agreed that acute onset esotropia that is concomitant
without divergence insufficiency is benign in nature with no
risk that it might be associated with intracranial pathology.2
Regrettably, it is now apparent that this simple algorithmic
way of viewing acute onset esotropia, while valid in the vast
majority of cases, is not appropriate in any single case since
too many exceptions exist. Concomitancy in acute onset
esotropia does not rule out the possibility of an underlying
serious neurological condition.3
How, then, is the clinician to evaluate the patient with
acute onset concomitant esotropia? Does every patient
with this form of strabismus deserve a neuroradiological
and/or neurological evaluation? If not, what features or
findings in a case of acute onset concomitant esotropia
would indicate that this patient is at particular risk? In
order to answer these questions an overview of the types of
acute onset concomitant esotropia is necessary.

Isolated acute onset concomitant esotropia
Although scattered reports of cases of acute onset
esotropia can be found in the literature dating back over
the past 100 years,-8 it is the paper of Burian and Miller
that is generally accepted to be the pivotal work in this
area.9 In reviewing the literature and their own experience,
these two authors presented a thesis that acute onset concomitant esotropia could be separated into three distinct
categories based on their clinical features and aetiology.
Common to all three categories was the acute onset, concomitancy, a relatively large angle of deviation, good
binocular potential, and no underlying neurological
disease.

TYPE I - ACUTE ONSET CONCOMITANT STRABISMUS
FOLLOWING OCCLUSION ('SWAN-TYPE')

In many ways this is the best known but also the most confounding form of acute onset concomitant strabismus.
This form of strabismus may occur after patching for
therapeutic reasons or as the result of monocular or asymmetric visual loss. The resulting strabismus in children and
young adults is usually in the form of an esotropia wherein
adult exotropia predominates. In the often cited case of
Swan a 9-year-old boy who was significantly hyperopic
developed an esotropia after monocular patching.6 Surgery
was necessary to re-establish motor and sensory fusion.
Burian and Miller commented that it was easy to understand 'the occurrence of an esotropia if a patient who
underwent the patching had an uncorrected hypermetropia'. This would be especially the case in the patient
with a high accommodative convergence/accommodation
ratio. Yet, not all patients in this category are found to be
hyperopic.
Patients with no significant refractive error have also
been described to develop an acute onset concomitant
esotropia following acute occlusion therapy.9 10 Are these
patients simply those who had a phoric deviation under
control and occlusion provided the opportunity for the
deviation to become manifest? The evidence to our mind
is conflicting. Burian and Miller cite the sizeable number
of adults who develop an exotropia after partial or total
loss of vision in one eye as being evidence to suggest they
could not all have significant pre-existing phorias that lead
to the manifest deviation.9 On the other hand, in a recent
study of 14 non-strabismic volunteers with normal stereopsis who were monocularly patched for 2 to 24 hours, the
induced deviations were all less than 10 prism dioptres.11
It should be recalled that the deviation in all forms of acute
onset concomitant esotropia are usually reasonably
large. 12 It would appear that occlusion of one eye or loss of
vision in one eye even in the absence of a significant
hypermetropic refractive error may precipitate acute
onset concomitant esotropia in some children or young
adults.
TYPE II- CONCOMITANT CONVERGENT STRABISMUS OF THE
'FRANCESCHETTI' TYPE

In this group of patients Burian and Miller describe an
acute onset esotropia syndrome that at first might be intermittent but quickly became constant.9 The refractive error
was usually a minimal amount of hypermetropia and no
accommodative element was detected. Although they
stated that no underlying cause for the strabismus could be
found they did suggest that a physical or psychic shock
might be the precipitating factor. Reports of this type of
acute onset concomitant esotropia have described its
occurrence in multiple siblings8 as well as monozygous
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TYPE III- CONCOMITANT CONVERGENT STRABISMUS OF
THE 'BIELSCHOWSKY TYPE'

In 1922 Bielschowsky reported on patients with acute
onset concomitant esotropia associated with myopia.4
Similar cases had been described previously by von
Graefe.'7 The consistent features of this group of patients
were a myopia of 5 dioptres or less, esotropia at distance
but maintained fusion at near, and no evidence of lateral
rectus paralysis. Since Bielschowsky's original report, the
characteristics have been redefined to include higher levels
of myopia and constant deviations at both near and distance fixations.'8 Subsequent reports have emphasised that
good binocular function may be maintained in these
patients with prisms.'9 It should be noted, however, that
these patients often present with a reasonably small angle
of esotropia (10 prism dioptres or less), but gradually over
a period of time develop an increasingly large angle that
may preclude the use of prisms in treatment. Fortunately
surgery is usually efficacious in re-establishing good
binocular function in these patients.
Bielschowsky had no doubt that the myopia in these
patients played a central role in the aetiology of this form of
acute onset concomitant esotropia. Like von Graefe he
assumed that the uncorrected myope tends to hold print
excessively close to the eyes thus resulting in an inability to
maintain a balance between the converging and diverging
forces of the eye. Recently this theory to explain the pathogenesis of the strabismus in these patients, which primarily
invokes increased tonus in the medial rectus muscles as
being causative, has been challenged by a report that
suggests that direct damage to the lateral rectus muscle
may be the primary pathology in these cases.18

It should be apparent from the above summary that of the
three categories of acute onset concomitant esotropia
described by Burian and Miller only type II is likely to perplex the clinician with regard to its appropriate evaluation.
Type I patients have a history of monocular occlusion or
visual loss and type III patients will have a myopic
refraction. Type II patients, on the other hand, are the
real worry. How does one distinguish them from the
uncommon but worrying cases of acute onset concomitant
esotropia associated with serious neurological disease?

Neurological disorders and concomitant esotropia
That an acute onset concomitant esotropia may be associated with a brain tumour has been recognised with increasing frequency.2027 Even those who studied acute onset
concomitant esotropic patients without neurological
disease have agonised about when neurological evaluation
should be undertaken in this patient group.24 No single
type of brain tumour or site within the brain can account
for all the cases described thus far. Undoubtedly more than
one aetiological mechanism is at play on this heterogeneous group of cases. Nevertheless a review of these
reports provides a framework in which to consider the
diagnostic dilemma that these patients present.
Anderson and Lubow described a 6-year-old boy with an
acute onset concomitant esotropia associated with normal
ductions and versions who was found to have papilloedema.22 Neuroradiographic studies documented hydrocephalus caused by a cystic lesion of the corpus callosum.
Biopsy of the lesion revealed a poorly differentiated glioma.
It is noteworthy that the patient's esotropia spontaneously
resolved before any surgery or radiotherapy. It is tempting
to suggest that this patient's esotropia, although concomitant, was the result of abducens nerve dysfunction in
association with hydrocephalus. In this regard, Flynn's
report on an 1 1-year-old girl who presented with an acute
onset concomitant esotropia is enlightening.24 This patient
subsequently developed, 6 weeks later, facial and abducens
nerve palsies at which time the diagnosis of pontine glioma
was established by appropriate neuroradiographic studies.
Clearly this patient's initial concomitant esotropia was an
early sign of the abducens nerve palsy that ultimately
became apparent. In discussing this case, Jampolsky noted
that the small V pattern seen on the initial examination
when the deviation was still concomitant should have
suggested the possibility that the primary problem was a
paresis of the abducens nerve.28
Not all patients with acute onset concomitant esotropia
associated with a brain tumour can be accounted for by the
paretic mechanism, however. Zweifach reported the case of
a 9-year-old boy who developed intermittent diplopia
followed by a concomitant constant esotropia.23 The patient
had no neurological symptoms or signs when first examined,
but 28 months later when he developed signs of posterior
fossa dysfunction he was investigated and found to have a
medulloblastoma involving the cerebellum. At no time, over
this long course did the esotropia become inconcomitant or
exhibit other signs of paresis of the abducens nerve.
Is hydrocephalus, and not the brain tumour itself the
central cause of the esotropia in these patients? The association of concomitant esotropia and hydrocephalus has been
discussed in great detail.29-31 Harcourt should be credited
for calling our attention to the frequent association of concomitant esotropia, as well inconcomitant esotropia, with
the hydrocephalic patient.3' Moreover, he challenged the
notion that the frequently seen concomitant esotropia in
this setting was merely an expression of abducens nerve
dysfunction. Hoyt and Daroff reported a case of a 3-monthold infant with intermittent hydrocephalus who developed
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twins.'3 Surgery has been required to re-establish ocular
alignment in all patients thus far described.
The pathogenesis of the esotropia in this category is
entirely unclear. However, it should be noted that not all
patients described in the category adhered to the rigid definition of Burian and Miller.9 For example, at least one of
the patients described by Noble and Malbran8 had at least
a partial accommodative component to the deviation with
a high accommodative convergence/accommodation ratio.
Of more concern are the recent reports that challenge the
thesis that the prognosis for re-establishing good binocularity in this group of patients is assured.'4 15 Heretofore,
the good binocular potential of these patients has been a
fundamental defining characteristic. This has been challenged by the recent work of Ohtsuki'5 and co-workers and
Boergen and Lorenz.14 A careful reading of these studies
suggests that at least two groups of patients have been
included in this single category. One group probably has a
pre-existing phoria or microtropia with subnormal binocular vision before the onset of the tropia. This is supported
by the findings of Crone who found a typical esophoria
with microanomalous retinal correspondence in some
patients with acute onset esotropia of the type II
Franceschetti type using examination of the fixation disparity curve which did not coincide with the esophoria in
those patents who had a normal sensory state.16 The other
group of patients have undoubtedly enjoyed an entirely
normal binocular status before the acute onset of the
strabismus and have, therefore, an excellent prognosis for
retaining binocularity no matter what interval of time
separates the onset of esotropia and surgery.'5 This latter
group is the typical group originally described by Burian
and Miller.9 We shall return to this point regarding the
prognosis for re-establishing binocularity in acute onset
concomitant esotropia when discussing its relation in
patients with brain tumours.
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detection of any nystagmus should be sufficient to prompt
a neurological and neuroradiological investigation of the
patient.
Prognosis for restoration of binocularity
A fundamental defining characteristic of type II concomitant convergent strabismus of the Franceschetti type is its
excellent potential for re-establishing motor and sensory
fusion.9 The reports of Boergen and Lorenzl4 and Ohtsuki
and co-workers15 should not be interpreted to the contrary.
Both of these studies include patients who had pre-existing
phorias or microtropias with poor stereo acuity. These
patients need to be distinguished from the vast majority of
cases of type II concomitant convergent strabismus in
which excellent pre-existing binocularity was present.
Both Williams and Hoyt3 and Ciancia26 report the failure of re-establishing binocularity in their patients with
brain tumours. Ciancia went so far as to detail the evaluation of a boy with a medulloblastoma of the cerebellum
and acute onset of concomitant esotropia who 'when
examined with prisms or the synoptophore was able to
superimpose diplopic images with stereopsis perception,
but was unable to maintain the images superimposed and
had no motor fusion'.26 If a patient with acute onset concomitant esotropia cannot demonstrate motor fusion when
examined with prisms or the synoptophore the possibility
of an underlying neurological disease should be suspected.
It should be noted that the above discussion of acute
onset concomitant esotropia in association with neurological disease is not complete. For example, myasthenia
gravis may present with acute concomitant strabismus with
no evidence of paresis.38 39 Eventually, however, the
presence of ptosis, other signs of weakness, or change in
the pattern of strabismus will suggest the appropriate
diagnosis. The goal of this paper has been to outline the
differences in patients with acute onset concomitant
esotropia with coexisting central nervous system pathology
from those who are entirely healthy.

Conclusion
Acute onset of concomitant esotropia is an uncommon
form of strabismus. In the vast majority of cases it will have
no obvious underlying neurological cause. When associated with a history of previous strabismus, occlusion
therapy or monocular visual loss, or myopia it need cause
little worry for the clinician. However, in the case of the
patient with no apparent cause for the acute concomitant
esotropia the possibility of an underlying neurological
disease should at least be considered. Although no single
clinical test appears to be able to identify the patient with
neurological disease, the presence of nystagmus or the
inability to restore binocularity in any of these patients
should be considered sufficiently abnormal as to warrant
neurological investigation.
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chronic downward deviation of the eyes and acute onset
concomitant esotropia each time the intraventricular
pressure became elevated.32 These signs would completely
resolve with restoration of normal intraventricular pressure.
Furthermore at no time was abducens paresis noted.
The association of acute onset concomitant esotropia in
the Arnold-Chiari syndrome has been attributed to the
co-existing hydrocephalus.' 29 33 That the esotropia in
this situation is related primarily to abducens nerve dysfunction seems unlikely in light of the longstanding concomitancy and the high frequency of an A rather than a
V pattern.30 It seems irrefutable, therefore, that the relation
between hydrocephalus and esotropia goes beyond the
simplistic notion that all cases represent abducens nerve
dysfunction.
Yet many of the patients with brain tumour and acute
onset concomitant esotropia that have been reported do
not show signs of either abducens nerve paresis or hydrocephalus. Only two of the six patients with brain tumour
and acute onset concomitant esotropia described by
Williams and Hoyt had elevated intracranial pressure.3
None of their cases developed signs of abducens nerve
dysfunction. It is noteworthy that three of the six patients
had bilateral abduction nystagmus. This finding has been
discussed in more detail by Ciancia who examined eight
patients who had posterior fossa tumours and acute onset
concomitant esotropia.26 Seven of these patients exhibited
abduction nystagmus and six were found to have asymmetric optokinetic nystagmus. Ciancia suggested that
perhaps brainstem or cerebellar dysfunction alone could
account for the concomitant esotropia. A similar thesis has
been articulated by Lennerstrand who went so far as to
suggest that vergence mechanisms in the mesencephalon
may be especially important in the genesis of concomitant
esotropia even in infantile esotropia.30 This is an appealing
hypothesis for at least two reasons. (1) Primate models
have identified cells in the midbrain that respond to pure
vergence signals and are independent of versional eye
movement.34 That these cells are both convergent and
divergent responsive is especially noteworthy. (2) Acute
onset concomitant esotropia with lesions of the caudal
thalamus may reflect a disturbance of vergence inputs
owing to extension of the pathology into the midbrain.35-37
Indeed the study of Kahara and coworkers demonstrated
that esotropia occurred only in patients with extension of
the lesion into the midbrain.37
While a precise understanding of the pathogenesis of
acute onset concomitant esotropia seen in some patients
with brain tumours has yet to be determined, it is clear that
neither abducens nerve dysfunction nor hydrocephalus
alone can account for all of the cases. From a practical
point of view tumours of the cerebellum, brainstem,
pituitary region, and corpus callosum have all been
reported to be associated with acute onset esotropia. How
is the physician to distinguish these patients from those
with type II concomitant convergent strabismus of the
'Franceschetti type'. Obviously, any symptom or finding,
such as headache, papilloedema, clumsiness, etc, would
suggest that neurological investigation is warranted. Yet, is
there anything about the ocular motor findings in these
patients that might define these different groups? We
would like to emphasise two points: (1) associated nystagmus - nystagmus of any kind is conspicuous by its absence
in all reports of type II concomitant convergent strabismus
of the Franschetti type. (2) In contrast, recall the importance of nystagmus in abduction in the cases with brain
tumour reported by both Williams and Hoyt3 and
Ciancia.26 This point has previously been discussed by
Scott25 and cannot be overemphasised. That is, in evaluating any patient with acute onset concomitant esotropia, the
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