Acquired Binocular Horizontal Diplopia
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Binocular horizontal diplopia is an important symptom
that may foretell or help localize and characterize various
neurologic and neuromuscular disorders. An appropriate
evaluation requires a careful and complete neuro-ophthalmic history and examination. This review focuses on the
differential diagnosis of binocular horizontal diplopia.
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AchRs =acetylcholine receptors; ET =esotropia; INO =internuclear ophthalmoplegia; MG = myasthenia gravis; MLF =
medial longitudinal fasciculus; ONM = ocular neuromyotonia;
WEBINO = wall-eyed bilateral INO; WEMINO = wall-eyed
monocular INO; XT = exotropia

B

inocular horizontal diplopia is usually due to disease
processes affecting the medial or lateral rectus
muscles or the innervation of these muscles (including
ocular motor cranial nerves and neuromuscular junction) or
to processes affecting fusion or convergence and divergence mechanisms. By definition, patients with horizontal
diplopia complain that the 2 images are side by side. The
separation of images may vary or remain unchanged at faror near-fixation. For example, the image separation due to a
left abducens nerve palsy is typically worse at distance than
at near and worse on left gaze.
Distinguishing between monocular and binocular diplopia is imperative because these 2 disorders have different
diagnostic implications. Horizontal diplopia is binocular if
it disappears with either eye closed; this suggests that the
underlying problem is due to ocular misalignment. Monocular diplopia persists with 1 eye closed, is not due to
ocular misalignment, and is usually due to local eye disease
or refractive error. Monocular diplopia often clears when a
pinhole is placed over the involved eye. Although monocular diplopia may be annoying and anxiety provoking, its
implications are essentially ocular, and thus it is of interest
only to ophthalmologists.
A phoria is a latent ocular misalignment that is kept in
check by fusion. Fusion is the process of merging images
from each eye into a single perception. Sensory fusion is
the cortical integration of 2 images, whereas motor fusion

represents the corrective movements of the eyes required to
maintain eye alignment on a specific target. Breakdown of
fusion due to fatigue, stress, illness, etc may allow a preexisting phoria to become an intermittent or manifest tropia.
Esophorias and esotropias (ETs) are medial deviations;
exophorias and exotropias (XTs) are lateral deviations. The
degree of eye deviation may be approximately equal in all
directions of gaze (comitant) or may vary in different positions of gaze (incomitant). Horizontal deviations due to
childhood strabismus are typically comitant, whereas most
of the acquired deviations are incomitant.
Ductions (each eye moving separately) and versions
(both eyes moving conjugately) must always be assessed.
In the assessment of a normal eye excursion, an imaginary
vertical line through the lower lacrimal punctum should
coincide with a boundary line between the inner third and
outer two thirds of the cornea. If more cornea is hidden,
adduction is excessive; if more cornea and some sclera are
visible, adduction is limited. If abduction is normal, the
corneal limbus should touch the outer canthus. If the limbus passes that point and some of the cornea is hidden,
abduction is excessive; if some of the sclera remains visible, abduction is limited. 1
In this report, we summarize the causes of acquired
horizontal diplopia from a neuro-ophthalmologic perspective (Table 1). Etiologic factors of binocular horizontal
diplopia are divided into disorders causing ET and disorders causing XT (Table 1). Congenital and childhood strabismus syndromes (Table 2) are mentioned superficially. A
thorough and excellent discussion of childhood strabismus
syndromes was recently published.'
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Childhood strabismus syndromes will be discussed briefly
because they may be confused with acquired causes of ET
and XT. Most childhood ETs are comitant and manifest
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Table 1. Causes of Acquired Binocular Horizontal Diplopia
Causes of esotropia

Childhood strabismussyndromes (see Table 2)
Change of angle of preexisting childhood strabismusor loss
of suppressionscotoma
Decompensation of a long-standingesophoria
Consecutive esotropia (after strabismus surgery)
Optical (eg, optical center change in glasses, overminus in
accommodative esophoria)
Sensory esotropia (usually not associated with diplopia)
Disordersof muscle and restrictive syndromes
Orbital myositis (orbital pseudotumor)
Thyroid eye disease
Myastheniagravis
Medial orbital wall fracture
Postsurgicalesotropia
Isolated weakness of lateral rectus muscle
Muscle trauma
Progressiveexternal ophthalmoplegiasyndromes
Other orbital disease processes
Disordersof cranial nerves
Sixth nerve palsy
Ocular neuromyotonia
Central disorders
Cyclic esotropia
Periodic alternatingesotropia
Divergenceinsufficiencyor paralysis
Acute acquired comitant esotropia
Spasm of the near reflex
Midbrain pseudo-sixth nerve palsy
Thalamic esotropia
Acquired motor fusion deficiency
Hemifield slide phenomena

Causes of exotropia

Childhood strabismus syndromes (see Table 2)
Change of angle of preexistingchildhood strabismusor loss
of suppression scotoma
Decompensation of a long-standing exophoria
Consecutiveexotropia (after strabismus surgery)
Optical factors
Sensory exotropia (usually not associated with diplopia)
Disordersof the muscle
Orbital myositis (orbital pseudotumor)
Thyroid eye disease (uncommon)
Myastheniagravis
Medial orbital wall fracture
Postsurgicalexotropia
Isolated weakness of medial rectus muscle
Muscle trauma
Progressiveexternal ophthalmoplegiasyndromes
Other orbital disease processes
Disordersof cranial nerves
Third nerve palsy
Ocular neuromyotonia
Central disorders
Acquiredmotor fusion deficiency
Internuclearophthalmoplegia (INa) (wall-eyed
monocularINa syndromeand wall-eyedbilateral INa
syndrome) and the one-and-a-halfsyndrome (paralytic
pontine exotropia)
VitaminE deficiency (eg, abetalipoproteinemia)
Convergence insufficiency and paralysis
Hemifieldslide phenomena
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with cross-eyes or amblyopia when the child is young.
Childhood cornitant ETs may be due to hyperopia, impaired accommodation, or convergence. Noncomitant
childhood ETs include A-pattern and V-pattern esodeviations, in which the esodeviation is worse on upward gaze
and downward gaze, respectively; retraction syndromes
(see subsequent discussion); and mechanical-restrictive
esodeviation due to congenital fibrosis of the medial rectus
muscle. Some patients with congenital nystagmus are able
to decrease the amplitude or frequency of their nystagmus
by convergence (nystagmus blockage syndrome), and thus
an ET develops.
Occasionally, adults with a long-standing, essentially
asymptomatic esophoria may have diplopia due to decompensation. This decompensation of a long-standing esophoria may occur after head trauma, with changing refractive needs, with systemic illnesses, when the patient takes
drugs that depress the central nervous system (eg, alcohol or
sedatives), or for unclear reasons. A thorough history and
examination often reveal supportive evidence for a longstanding strabismus, including a history of childhood strabismus or patching, head tum, and horizontal comitance.
Childhood XT is less frequent than childhood ET. The
XT may be intermittent or persistent, and sometimes adults
with exophoria or intermittent XT may have diplopia due
to an inability to compensate adequately for the eye misalignment (decompensation of exophoria).
The Duane retraction syndrome is characterized by a
narrowing of the palpebral fissure and globe retraction on
adduction. Three types have been described.' In type 1,
abduction is limited, but adduction is normal or only
slightly limited. Some patients have impaired adduction
but normal or slightly limited abduction (type 2), whereas
others have pronounced impairment of both adduction and
abduction (type 3).3 Eye deviation mayor may not be
present in primary position, but if present, ET is usually
present in patients with type 1 and type 3, while XT is more
frequent in those with type 2. Although many patients
adopt a head tum to maintain single binocular vision, they
rarely complain of spontaneous diplopia. When asked, they
realize they have diplopia and state that they recognize 2
images when their eyes are misaligned. With all 3 types,
there may be a vertical deviation of the adducting eye,
which takes the form of upshoots and downshoots. Although the Duane retraction syndrome is predominantly
congenital and is thought to be due to anomalous innervation of the lateral rectus muscle by the inferior division of
the oculomotor nerve,' an acquired Duane-like syndrome
has been described in patients with pontine glioma, in those
with rheumatoid arthritis, after trigeminal rhizotomy, and
after removal of an orbital cavernous hemangioma by lateral orbitotomy."?
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Consecutive ET refers to esodeviation that occurs
iatrogenically after surgical overcorrection of an exodeviation (patients in whom an exodeviation is surgically
undercorrected may still have diplopia postoperatively).
Similarly, consecutive XT results from surgical overcorrection of ET or may arise spontaneously in a previously esotropic patient, especially in association with poor
vision in the deviating eye (sensory XT).
SENSORY ET AND XT

Sensory deviations including ET or XT result from reduced
visual acuity in 1eye. Such patients do not complain of diplopia because of the visual loss. Loss of fusion in cases of
visual loss allows a preexisting phoria to manifest. Sidikaro
and von Noorden" described 121 patients with sensory
heterotropias and noted that ET and XT occurred with almost equal frequency when the onset of visual impairment
occurred at birth or between birth and 5 years. Sensory XT,
however, predominates in older children and adults."
ACQUIRED CAUSES OF BINOCULAR
HORIZONTAL DIPLOPIA

Disorders of Muscle
Orbital Myositis.-Orbital myositis (idiopathic orbital
inflammation or orbital pseudotumor) is a clinicopathologic entity with the following diagnostic criteria: (1) a
unilateral orbital mass lesion, clinically manifesting with
signs of mass effect, inflammation, or infiltration; (2)
neuroimaging showing a focal or diffuse inflammatory
lesion; (3) histopathology demonstrating a fibroinflammatory lesion; and (4) investigations eliminating identifiable local or systemic causes." When the inflammatory
process is confined to 1 or multiple extraocular muscles,
the process is referred to as orbital myositis, although some
investigators believe that orbital pseudotumor and orbital
myositis may be distinct c1inicotherapeutic entities.'? Patients have acute or subacute orbital pain and diplopia.
Findings include conjunctival chemosis and injection,
ptosis, and proptosis. The process may be unilateral or
bilateral and usually resolves with corticosteroid therapy. 10
The illness is often monophasic, but episodes may recur.
Characteristics associated with recurrences include male
gender, lack of proptosis, eyelid retraction, horizontal extraocular muscle involvement, multiple or bilateral extraocular muscle involvement, muscle tendon sparing on
neuroimaging, and lack of response to corticosteroids or
nonsteroidal anti-inflammatory agents. I I
Neuroimaging in patients with orbital myositis reveals
enlarged, irregular muscles usually with tendinous insertion involvement. The differential diagnosis includes
thyroid eye disease, orbital cellulitis (including orbital
aspergillosis or mucormycosis infection), sarcoidosis, Erd-
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Table 2. Classification of Childhood Strabismus Syndromes*
Esodeviations
Comitant esodeviation
Accommodative esotropia
Refractive
Nonrefractive
Hypoaccommodative
Partially accommodative esotropia
Nonaccommodative esotropia
Infantile (onset, birth to 6 mo)
Acquired (includes esotropia with myopia,
cyclic esotropia, and some cases of
divergence insufficiency)
Microtropia
Nystagmus blockage syndrome
Noncomitant esodeviation
A- and V-pattern esotropia
Duane retraction syndrome type I and 3
Congenital mechanical-restrictive esodeviations
(eg, congenital fibrosis)
Secondary esodeviation
Sensory esotropia
Consecutive esotropia (after strabismus surgery)
Exodeviations
Primary
Duane syndrome type 2
Restrictive-congenital fibrosis
Secondary
Sensory exotropia
Consecutive exotropia (after strabismus surgery)
*Modified from von Noorden' with permission.

heim-Chester disease, low-flow dural-cavernous sinus fistula, lymphoid hyperplasia, lymphoma, Hodgkin disease,
orbital muscle metastasis, Wegener granulomatosis, and
other vasculitides.
Pathological studies of orbital myositis reveal an inflammatory infiltrate composed mainly of small well-differentiated mature lymphocytes, admixed with plasma
cells, in a diffuse or multifocal pattern. The muscle fibers
are swollen and separated by edema and fibrosis, with loss
of normal striations and degeneration of muscle fibers."
Other atypical histopathologic patterns, such as extensive
sclerosis, true vasculitis, granulomatous inflammation, and
tissue eosinophilia, can be used for subclassification of
orbital pseudotumor.?
Thyroid Eye Disease.-Thyroid eye disease (thyroid
orbitopathy, thyroid ophthalmopathy, or Graves disease) is
characterized clinically by eyelid retraction, eyelid lag in
downward gaze, exophthalmos, diplopia (due to extraocular muscle inflammation or fibrosis), potential visual loss
due to compressive optic neuropathy or corneal damage,
and signs and symptoms of orbital congestion.":" Patients.
may develop ophthalmopathy even in the absence of clinicalor laboratory evidence of thyroid disease or after correction of hyperthyroidism. The ophthalmopathy of thyroid
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Table 3. Clinical Differential Diagnosisof Orbital Myositisand Thyroid Eye Disease
Orbitalmyositis

Thyroideye disease

Preponderance same in malesand females
Acute or subacute onset
Often severeorbitalpain

Femalepreponderance
Gradualonset
Painless or foreign body sensation unless
corneadamaged from exposure
Motility problems late
Limitedductions usually to side opposite the
involved muscle (restrictive)
Eyelidlag and retraction
Neuroimaging of orbit
Enlarged muscles often smooth
Tendinous insertions tend to be spared
Oftenbilateral muscleinvolvement even if
clinically unilateral

Motility problems early
Limitedductions in the field of actionof
the involved muscle (paretic)
No eyelidlag or retraction
Neuroimaging of orbit
Enlarged muscles irregular
Tendinous insertion usually involved
Unilateral abnormalities when
clinically unilateral
disease is an autoimmune process with a progressive but
self-limited variable course extending over I to 3 years. In
adults, it is a common cause of acquired diplopia or
exophthalmos. The clinical spectrum of ophthalmopathy
ranges from minor eye symptoms and signs to severe,
disabling vision-threatening problems. Thyroid ophthalmopathy is present if eyelid retraction occurs in association
with objective evidence of thyroid dysfunction or abnormal
regulation, exophthalmos, optic nerve dysfunction, or extraocular muscle involvement.
Eyelid retraction is the most common ophthalmic feature of autoimmune thyroid disease, being present either
unilaterally or bilaterally in more than 90% of patients at
some point in the clinical course. Exophthalmos of I or
both eyes affects approximately 60% of patients, restrictive
extraocular myopathy is apparent in about 40%, and optic
nerve dysfunction occurs in either 1 or both eyes in 6%.12-16
The restrictive extraocular muscle involvement may be
confirmed by impaired ocular motility during the forced
duction test. The extraocular muscles predominantly affected include the inferior, medial, and superior rectus
muscles; because the process causes muscle tightness or
restriction, the diplopia is worse in the direction opposite
that of the involved muscle(s) action. Thus, hypertropia
and ET are common in patients with thyroid eye disease,
but XT is unusual because the lateral rectus muscle is
usually not involved substantially. In fact, if a patient with
thyroid eye disease is noted to have XT, superimposed myasthenia gravis (MG) should be considered because the risk
of MG is increased in patients with thyroid eye disease. I?
Neuroimaging (computed tomography or magnetic
resonance imaging) of the orbits often reveals smooth enlargement of multiple extraocular muscles, frequently bilaterally, with the muscle tendinous insertions tending to be
spared. Thyroid ophthalmopathy may be asymmetric between the 2 orbits clinically and on neuroimaging, and the
disease process often undergoes spontaneous exacerba-

tions and remissions. The disorder often begins with an
acute, active inflammatory phase, lasting 6 to 18 months,
which is mediated by lymphocytic and fibroblastic infiltration into orbital tissues. The acute phase is followed by a
chronic phase, characterized by hypertrophy and fibrosis of
the extraocular muscles, lacrimal glands, and orbital fat."
Thyroid eye disease and orbital myositis may resemble
each other clinically. The differential diagnostic features
are outlined in Table 3.
Myasthenia Gravis.-Myasthenia gravis is a chronic
disorder of neuromuscular transmission characterized
clinically by varying weakness and fatigue of voluntary
muscles. This disease is caused by an acquired autoimmunity to the motor endplate and is associated with antibodies
that block or cause increased degradation of acetylcholine
receptors (AchRs). Ocular MG, a variant ofMG, clinically
involves only the extraocular, levator palpebrae superioris,
or orbicularis oculi muscles. Approximately 48% to 53%
of patients with MG will have solely ocular symptoms at
onset, and ocular symptoms remain in 49% of these patients. Increased duration of pure ocular MG is associated
with a decreased risk of late generalization, with only 15%
of observed generalizations occurring after more than 2
years of purely ocular symptoms.'?
The diagnosis of MG should be considered in all patients
with ptosis or ocular motor weakness without pupillary involvement." Weakness and fatigue confined to the extraocular muscles or eyelids combined with orbicularis oculi
paresis are symptoms especially suggestive of this diagnosis.
Clinical involvement of the pupil, eye pain or headaches,
visual loss, or involvement of sensation essentially negate
this diagnosis. MG may cause hypertropia, ET, or XT and
can mimic many neurogenic conditions, including abducens
nerve palsies, gaze abnormalities, and internuclear ophthalmoplegia (INa) (see subsequent discussion). Therefore,
in any patient with an abnormality of horizontal gaze (eg,
sixth nerve palsy), MG should be considered.
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Figure 1. Photograph of patient with leftabducens nerve palsywith pronounced esotropia on left lateral gaze
(from Smith'? withpermission).
Fatigability and variability of clinical findings are characteristic of MG. The diagnosis is made by demonstrating
fatigability of the eyelids or eye muscles. Positive results
on a Tensilon test and AchR antibody studies may help to
confirm the diagnosis. Of note, AchR antibodies are positive in 80% to 95% of patients with generalized MG and in
34% to 56% of patients with ocular MG.19,21-32 Testing for
AchR binding, blocking, and modulating antibodies increases the assay yield in patients with generalized MG and
ocular MG. Thus, approximately one half of patients with
MG that is confined to the ocular muscles will have negative AchR antibodies.
Fractures of the Medial Orbital Wall and Postsurgical ET and XT.-Orbital trauma may result in horizontal
diplopia because of a fracture of the medial orbital wall in
isolation or accompanied by a fracture of the orbital floor
or other orbital bones. 1,33-36 Incarceration of the medial
rectus muscles may lead to ET with impaired abduction or
XT with impaired adduction. Medial orbital wall injury
may occur iatrogenically during endoscopic transnasal sinus surgery.1,36 In addition, medial or lateral orbital surgery
(eg, optic nerve sheath fenestration) may directly injure the
medial or lateral rectus muscles, an outcome resulting in
initial muscle paresis, sometimes followed by scarring and
restrictive ET or XT, respectively. Other ocular surgeries
(eg, pterygium surgery, scleral buckle, and glaucoma
setons) may also result in horizontal diplopia.
Isolated Weakness of the Medial or Lateral Rectus
Muscles.-Isolated medial rectus paresis is rare and results
in XT because of unopposed action of the lateral rectus
muscle. The XT is worse on gaze to the opposite side and is
associated with impaired adduction on the side of the weak
muscle. Impaired monocular adduction is more often
noted, however, with INO (see subsequent discussion) than
isolated medial rectus palsy because of a partial third nerve
palsy. Isolated medial rectus muscle paresis may occur
with MG, orbital myositis, muscle trauma, or orbital disease. Lesions of the oculomotor nerve cause medial rectus
paresis but not in isolation. Because the neurons controlling the medial rectus muscle probably lie at 3 different

sites within the oculomotor nucleus, it is unlikely that a
medial rectus paralysis could be the sole manifestation of a
brain-stem oculomotor nuclear lesion.
Although isolated lateral rectus paresis is most often due
to lesions of the sixth cranial nerve, other processes, including MG, orbital myositis, muscle trauma, and orbital
lesions, may impair the muscle directly.
Disorders of Cranial Nerves
Cranial Nerve VI Palsy.-Lesions affecting the abducens nucleus cause not only an ipsilateral rectus paresis
but also an ipsilateral gaze palsy because the abducens
interneurons are involved. A unilateral cranial nerve VI
injury results in an incomitant esodeviation that is worsened with gaze into the field of the weak lateral rectus
muscle (Figure I). To limit diplopia, patients may assume a
compensatory face tum in the direction of the paralyzed
lateral rectus muscle. Abduction is often limited on the side
of the lesion. In patients with bilateral paralysis, both eyes
may be in a position of adduction, and ET increases when
they look to the left or right.
The localization of sixth nerve palsies is outlined in
Table 4. For example, in the cavernous sinus, the sixth
cranial nerve is joined, for a time, by sympathetic fibers,
and thus a cavernous sinus lesion may cause a sixth nerve
palsy associated with an ipsilateral Homer syndrome.
Isolated sixth nerve palsies may be congenital, traumatic,
or ischemic (due to diabetes) or due to disease processes,
especially those affecting the nerve in the subarachnoid
space (eg, tumors or meningitis). The abducens nerve has a
long subarachnoid course, during which it lies between the
brain stem and the clivus; thus, increased intracranial pressure from any process (eg, brain tumor or pseudotumor
cerebri) may cause I or both abducens nerves to be compressed between the pons and the basilar artery or stretched
along the sharp edge of the petrous bone. Thus, unilateral or
bilateral abducens nerve palsies may be "false localizing or
nonlocalizing signs" of increased intracranial pressure. MG
may mimic an isolated sixth nerve palsy; therefore, in some
patients with isolated abduction paresis, a Tensilon test

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.

912

Acquired Binocular Horizontal Diplopia

Mayo Clin Proc, September 1999, Vol 74

Table 4. Localization of Abducens Nerve Lesions*
Lesions
Affecting abducens nucleus

Structure involved
Abducens nucleus
Dorsolateral pons

Of abducens fascicle

Abducens fascicle
Anteriorparamedial pons
Prepontine cistern

Of abducens nerve

Petrousapex (Dorellocanal)
Cavernous sinus
Superiororbital fissure
Orbit

Clinicalmanifestation
Gaze palsy, Mobiussyndrome (gazepalsy with facial diplegia),
Duaneretraction syndrome
.
Ipsilateral gaze palsy, facial paresis,dysmetria; occasionally
contralateral hemiparesis (Fovillesyndrome) with extension of
lesion ventrally
Isolatedcranialnerve VI palsy
Ipsilateral cranialnerve VI palsy, ipsilateralcranial nerve VII
palsy, contralateral hemiparesis (Millard-Gubler syndrome)
Cranialnerve VI palsy with or withoutcontralateral hemiparesis
(if corticospinal tract involved)
Cranialnerve VI palsy, deafness, facial (especially retro-orbital)
pain (Gradenigo syndrome)
Isolatedcranial nerve VI palsy,cranial nerve VI palsy plus
Homer syndrome, cranial nerve III, IV, and VI may be affected
Cranialnerve VI palsy with variableabnormality of cranialnerve
III, IV, and VI; proptosis
Cranialnerve VI palsy; visual loss; variableproptosis, chemosis,
eyelid swelling

*Modified from Braziset aP8 with permission.
should be considered, especially if there are signs of fatigability of the muscle paresis or associated ptosis.
Cranial Nerve III Palsy.-Lesions of the third cranial
nerve may cause an XT because of weakness of the medial
rectus muscle with the eye deviating toward the side of the
preserved lateral rectus muscle. This XT is usually associated with other signs of third nerve dysfunction, including
paresis of eye elevation and depression, ptosis, and pupillary involvement.
Ocular Neuromyotonia.-Ocular neuromyotonia
(ONM) is a rare disorder characterized by episodic diplopia, occurring either spontaneously or after sustained
eccentric gaze.":" Most patients have had prior radiation
therapy to the sellar or parasellar region (months to years
before the onset of ONM). In some patients, however, no
responsible structural lesion or history of radiation therapy
is noted. Rarely, ONM may be due to a compressive lesion,
such as an aneurysm," or to thyroid eye disease." Ocular
neuromyotonia is thought to reflect impaired muscle relaxation due to inappropriate discharges from oculomotor,
trochlear, or abducens neurons or axons with unstable cellular membranes. Patients with ONM often benefit from
membrane-stabilizing agents such as carbamazepine. Patients with unexplained transient episodic diplopia should
be specifically tested for diplopia and ocular misalignment
following sustained eccentric gaze.

Central Disorders Causing Binocular
Horizontal Diplopia
Cyclic ET.-Cyclic ET is a rare condition characterized
by a regularly recurring ET that often manifests in regular

48-hour cycles.r':" Frequently, a 24-hour period of normal
binocular vision is followed by a 24-hour period of manifest ET. Seventy-two-hour and 96-hour cycles have also
been reported. The ET may eventually become constant.
Cyclic ET usually appears in young children but may also
occur in adults.":" The condition usually begins without a
precipitant but has been described after strabismus surgery
for intermittent XT, after cataract surgery, after traumatic
aphakia, after surgical removal of a third ventricular
astrocytoma, and in association with optic atrophy or retinal detachment. 46,47,49.5 1,53,54 The definite cause of cyclic ET
is unknown; possible causes are oculomotor nerve hyperactivity (although there are no associated abnormalities of
the pupil or eyelid), abducens nerve dysfunction, strabismus being interrupted by periodic intervals of fusion, or,
most likely, a disorder of central mechanisms."
Periodic Alternating ET.-Periodic alternating ET is a
rare cyclic disorder typically associated with periodic alternating nystagmus or periodic alternating gaze. 55 While I eye
maintains fixation, the other eye undergoes a phase of waxing then waning inward deviation. The cycle is completed by
a phase of varying inward deviation of the eye that was
initially fixating after a transition period of orthotropia during which fixation changes. This condition is invariably
associated with severe brain dysfunction and is especially
noted in young children with ataxia or hydrocephalus.
Divergence Insufficiency and Divergence Paralysis.-Weakness of divergence is characterized by intermittent or constant ET at distance with fusion at near. 1.56-75
Abduction by duction and version testing is relatively full
bilaterally. The angle of strabismus remains unchanged
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(comitant) or may be decreased on gaze to either side.
Fusional divergence is reduced or absent. Fusional divergence is measured by placing base-in prisms of progressively larger strength over I eye while the subject is fixating at distance and at near and noting when the fixation
image appears double (break point).
When ET at distance due to divergence impairment
occurs in an otherwise healthy person, it is referred to as
"divergence insufficiency"; when it is associated with neurologic disease, it is called "divergence paralysis." Divergence insufficiency is usually observed in young adults, is
self-limited, and may be treated with base-out prisms or
occasionally surgery.P''?' Divergence paralysis is usually
noted with brain-stem disease and has been reported with
multiple sclerosis, intracranial masses (eg, pontomedullary
glioma) and hemorrhage, head trauma, increased intracranial pressure (eg, pseudotumor cerebri), craniocervical
junction abnormalities (eg, Amold-Chiari malformation),
encephalitis, syphilis, brain-stem infarction, acute lymphoblastic leukemia, diazepam ingestion, and after lumbar
puncture or epidural block. 6 1,64-75 Abducens nerve palsy
may also cause ET that is worse at distance than at near,
and some investigators believe that divergence paralysis
does not exist and that all such cases actually represent
bilateral abducens nerve palsies.v-"
Acute Acquired Comitant ET.-As previously noted,
unilateral or bilateral abducens nerve paresis may cause an
acute ET, with the deviation greater at distance than at near.
This deviation may eventually become comitant (spread of
comitance), a setting in which it would be difficult to
recognize the paretic element. Acute acquired comitant ET
may occur in childhood and may be benign.':" For example, it may develop after artificial interruption of fusion
by occlusion of I eye. A previous esophoria may decompensate and become manifest after fusion has been disrupted. Acute acquired comitant ET in children may also
occur with central nervous system tumors, especially brainstem and cerebellar tumors, and these patients must undergo neuroimaging.":" The mechanism of this acquired
comitant ET is unknown.
Spasm of the Near Reflex.-Convergence spasm usually occurs on a functional basis. Patients exhibit intermittent episodes of sustained maximal convergence associated with accommodative spasm (induced myopia) and
miosis.1,82-88 The spasm may be triggered by having the
patient fixate on an object held closely before the eyes;
after the object has been removed, the eyes will remain in a
convergent position. 1 Quick saccadic movements back and
forth in the horizontal plane may also induce the spasm.
Patients with spasm of the near reflex often complain of
headache, diplopia, photophobia, and blurred vision, and
they frequently have tunnel visual fields. In such patients,
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unilateral or bilateral abducens nerve paresis may initially be
suspected, but the observation of miosis during the spasm in
those with apparent unilateral or bilateral limitation of abduction and severe myopia (8-10 diopters) indicates the
correct diagnosis.P" This miosis generally resolves as soon
as either eye is occluded." In addition, despite apparent
weakness of abduction, patients have full abduction when I
eye is patched or during duction testing. Convergence spasm
may occasionally be confused with divergence paralysis in
that, in both instances, there is ET at distance fixation. However, with convergence spasm, fusional divergence is normal, and visual acuity at distance is decreased.
Rarely, spasm of the near reflex may be associated with
organic disease of the central and ocular motor system.
Increased or sustained convergence may be seen with lesions of the diencephalic-mesencephalic junction. For example, a pseudo-sixth nerve palsy may occur from midbrain lesions (midbrain pseudo-sixth nerve palsy), perhaps
because of an excess of convergence tone. 90 ,9 1 Acute ET has
been described with contralateral thalamic infarction in the
territory ofthe mesencephalic artery (acute thalamic ET).92
Tonic activation of the medial rectus muscle in these cases
could result from damage to direct inhibitory projections
from the thalamus or impairments of inputs to midbrain
neurons involved in vergence control. Acute thalamic hemorrhage may cause bilateral asymmetric ET, with the contralateral eye more affected than the ipsilateral eye." Other
causes of increased or sustained spasm of the near reflex
include Wemicke-Korsakoff syndrome, Amold-Chiari
malformation, encephalitis, hepatic encephalopathy,
neurosyphilis, vertebrobasilar ischemia, multiple sclerosis,
labyrinthine fistula, trauma, posterior fossa tumor, pituitary
adenoma, phenytoin intoxication, cyclic oculomotor palsy,
Raeder paratrigeminal syndrome, ocular inflammation, and
ocular MG. 1,88,89,93-99
Convergence Insufficiency and Paralysis.-Patients
with an exodeviation greater at near than at distance have
convergence insufficiency type XT. Adduction is usually
normal, there is a remote near point of convergence, and
fusional convergence is decreased at near fixation. 1,100,101
This condition is common among teenagers and college
students, especially those with an increased visual
workload, but may also be seen in elderly persons. It often
develops at times of stress or fatigue but may also be noted
during systemic infection or after head trauma. Rarely,
acquired cerebral lesions, especially those affecting the
nondominant parietal lobe, may be responsible.l'" Patients
with convergence insufficiency typically complain of eyestrain and ache. After these patients read for brief periods,
the letters blur and run together, and often diplopia occurs
during close-up work. Typically, while reading, the patient
closes or covers I eye to obtain relief from visual fatigue.
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Patients with convergence paralysis, as opposed to convergence insufficiency, often harbor a midbrain lesion.
Diplopia exists only at near fixation, adduction is normal,
and the patient is unable to converge. Preservation of accommodation or pupillary miosis at near confirms an organic cause. Other signs of midbrain damage are usually
present, including impaired vertical gaze, upbeat or downbeat nystagmus, convergence-retraction nystagmus, and
eyelid retraction. Many factors are associated with convergence paralysis, including Parkinson disease, progressive
supranuclear palsy, dorsal midbrain tumors, midbrain hemorrhage or infarction, multiple sclerosis, encephalitis,
metabolic causes, trauma, and drugs.'?' Dissociated unilateral convergence paralysis has been described with
thalamotectal hemorrhage.!"
Acquired Motor Fusion Deficiency.-Motor fusion is
a function of the extrafoveal retinal periphery. I Acquired
motor fusional deficiency, a rare condition assumed to be
due to midbrain damage, represents loss of both fusional
convergence and fusional divergence that may occur after
head trauma, stroke, brain tumor, or neurosurgery.P'>"?
Patients complain of eyestrain and are unable to maintain
single vision for any length of time. Despite apparent ocular alignment, patients complain of transient or permanent
diplopia. Fusional amplitudes are absent, but stereopsis and
sensory fusion are intact during brief episodes of fusion.
There is no effective therapy.
INO, the One-and-a-Half Syndrome, and Vitamin E
Deficiency.-Clinically, INO is characterized by adduction weakness on the side of a lesion of the mediallongitudinal fasciculus (MLF) and monocular nystagmus of the
opposite abducting eye. Convergence is usually preserved
unless the responsible lesion is high in the midbrain. Patients with INO often have no symptoms but may complain
of horizontal or vertical diplopia (the latter due to associated vertical eye misalignment [skew deviation]). Rarely,
XT may occur with unilateral INO (wall-eyed monocular
INO or WEMINO syndrome) or with bilateral INO (walleyed bilateral INO or WEBINO syndrome); in the latter,
both eyes are deviated Iaterally.!"?" Causes of INO include multiple sclerosis, brain-stem infarction or hemorrhage, infections, paraneoplastic disease, and other degenerative, nutritional, and metabolic processes.
When the lesion of the MLF also involves the abducens
nucleus or paramedian pontine reticular formation in the
pons, patients will develop a conjugate gaze palsy to 1 side
and impaired adduction on looking to the other side (oneand-a-half syndrome). Patients with the one-and-a-half
syndrome may have an XT of the eye opposite the side of
the lesion (paralytic pontine XT) because, due to the gaze
palsy, the eyes tend to drift to the side opposite the lesion,
but adduction in this direction is limited by the MLF le-

sion.!" Occasionally, patients with the one-and-a-half syndrome have primary position ET, likely because of involvement of the abducens nerve fascicle superimposed on
the lesion of the paramedian pontine reticular formation
and MLF. III Causes of the one-and-a-half syndrome include brain-stem infarction or hemorrhage, multiple sclerosis, posterior fossa tumors, basilar artery aneurysms, brainstem arteriovenous malformations, and trauma.
Vitamin E deficiency may be associated with an extraocular motility impairment that superficially resembles
the WEBINO syndrome. As in the WEBINO syndrome,
the patient demonstrates XT associated with adduction
limitation and dissociated horizontal nystagmus on lateral
gaze. In vitamin E deficiency, however, saccadic movements are slower in the abducting eye rather than in the
adducting eye, and the dissociated nystagmus has greater
amplitude in the adducting eye.!" This motility impairment
is especially noted with abetalipoproteinemia associated
with other findings, including ataxia, weakness, posterior
column dysfunction, and pigmentary retinopathy.
Hemifield Slide Phenomena.-The hemifield slide or
slip phenomenon is a rare cause of intermittent binocular
diplopia noted in some patients with lesions of the optic
chiasm."? This phenomenon occurs with complete or almost complete bitemporal hemianopic visual field defects
with disruption of ocular fusion and decompensation of a
previous phoria. The underlying pathophysiology is loss of
binocularity due to lack of cortical representation of corresponding points in the visual field from each eye (ie,
transection of the chiasm creates 2 independent, free-floating hemifields, with each eye projecting only to the ipsilateral visual cortex). On examination, no ocular motor palsy
is noted despite the patient's complaints of diplopia. If the
eyes intermittently converge (ET), a blank space is produced between the vertical meridians as the eyes "slip"
inward and the remaining hemifields drift apart horizontally. Ocular divergence (XT) causes overlapping of the
vertical meridians, resulting in superimposition of images
from noncorresponding retinal areas.
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