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Eye movements bring visual stimuli to the fovea and also maintain foveal fixation on a
moving target and during head movements. These movements are performed by the
ocular motor system that consists of ocular motor nerves and nuclei in the brainstem
originating in the cerebral cortex, cerebellum, vestibular structures, and the extraoc-
ular muscles. The ocular motor system is divided according to anatomic location into
infranuclear, nuclear, internuclear, and supranuclear components. It is important to
distinguish supranuclear and internuclear from nuclear and infranuclear disturbances
affecting cranial nerves III, IV, and VI, because the disturbances are of highly varied
causes and present different clinical pictures. Internuclear ophthalmoplegia is due to a
lesion of the medial longitudinal fasciculus, caused by multiple sclerosis in younger
patients, particularly when the ophthalmoplegia is bilateral, and usually of vascular
origin in the elderly. Eye movement abnormalities of supranuclear origin are char-
acterized by gaze palsies, tonic gaze deviation, saccadic and smooth pursuit disorders,
vergence abnormalities, nystagmus, and ocular oscillations. Supranuclear disorders
result from lesions above the level of the ocular motor nerve nuclei. If oculocephalic
maneuvers move the eyes appropriately, the lesion causing the gaze palsy is supra-
nuclear. Supranuclear disorders account for almost 10% of all patients with disorders
of eye movements.
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descend into the brainstem and are proximal to the

Introduction . . S
ocular motor nuclei [1,3]. In this review, internuclear

As man depends on his visual sense more than on his
other senses, a sophisticated ocular motor system exists
to collect visual input that ultimately results in visual
perception. Eye movements bring visual stimuli to the
fovea and also maintain foveal fixation on a moving
object and during head movements [1]. Eye movements
are the result of activity in discrete systems. These
movements are controlled by ocular motor nerves and
nuclei in the brainstem originating in the cerebral cor-
tex, cerebellum, vestibular structures, and the extraoc-
ular muscles [2]. The ocular motor system is divided
according to anatomic location into infranuclear,
nuclear, internuclear, and supranuclear components.
The internuclear component refers to connections be-
tween the ocular motor nuclei such as the oculomotor,
trochlear, abducens, and vestibular nuclei; the medial
longitudinal fasciculus (MLF) is the name most often
given to these connections. The supranuclear compo-
nent refers to cortical structures and pathways that

Correspondence: Mehmet Karatas, Stadyum Cad, 39/1, 01120,
Adana, Turkey (tel.: +90 322 3272727; fax: +90 322 4594015; e-mail:
drmkaratas@ekolay.net).

© 2009 The Author(s)
Journal compilation © 2009 EFNS

ophthalmoplegia, supranuclear control of eye move-
ments, and eye movement abnormalities of supranu-
clear origin describing the clinical features and the
pathophysiology of the diseases are presented.

Methods

The articles and abstracts for this review were found by
searching in Medline/Pubmed. A Medline literature
search was conducted with the terms ‘internuclear
ophthalmoplegia’, ‘supranuclear ophthalmoplegia’, ‘eye
movements’, ‘clinical features’, and ‘causes’. Additional
articles were obtained from the reference lists of
retrieved articles.

Internuclear ophthalmoplegia

Internuclear ophthalmoplegia (INO) is caused by
damage to the internuclear neurons that exit from the
abducens nucleus, cross to the other side, arise in the
MLF, and terminate in the subnucleus of the medial
rectus in the nuclear complex of the third cranial nerve
(Fig. 1). The clinical picture of INO consists of the
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Figure 1 Volitional horizontal saccadic pathway with a lesion in
the right medial longitudinal fasciculus (MLF) that results in

an internuclear ophthalmoplegia (INO). FEF, frontal eye field;
PPRF, paramedian pontine reticular formation; MR, medial
rectus; LR, lateral rectus.

slowing, limitation or inability to adduct one eye,
combined with nystagmus of the other abducting eye.
The lesion is on the same side as the eye with the
adduction weakness. The adduction limitation in INO
is the same for pursuit and saccades, and can not be
enhanced by caloric stimulation. Adduction with con-
vergence movements is intact in the majority of pa-
tients. This finding can help distinguish an INO from
partial third nerve palsy. In addition to accommodative
convergence, fusional vergence can be retained, so that
the patient shows no manifest strabismus. Often, INO is
accompanied by gaze-evoked dissociated nystagmus on
abduction of the contralateral eye. The basis for this is
that structures responsible for the maintenance of
eccentric gaze positions are located near the MLF [3.4].
Another hypothesis to explain abduction nystagmus
implicates an adaptive response to overcome the
weakness of the contralateral medial rectus (Hering’s
law) [S]. As the MLF contains pathways involved in the
regulation of vertical eye movements, patients with
INO often exhibit abnormalities with vertical eye
movements, including diminished vertical gaze holding,

abnormal optokinetic and pursuit responses, decreased
vertical vestibulo-ocular reflex (VOR) gain, vertical
gaze-evoked nystagmus, convergence-retraction nys-
tagmus, decreased vertical smooth pursuit, and skew
deviation [1,2]. In vertical skew deviation due to dis-
ruption of the otolithic-ocular connections; the higher
eye is usually on the side of the lesion. Unilateral INO is
associated with ocular tilt reaction characterized by
ocular torsion and head tilt as a specific form of skew
deviation in pontomesencephalic lesions [6]. Bilateral
INO is usually accompanied by vertical gaze deviation
nystagmus. Not all patients with INO complain of
vertical and horizontal diplopia and oscillopsia [5,7,8].

Cogan separated INO into two groups based on
involvement of adduction with the near reflex (pupillary
constriction with a near vision effort, with ocular con-
vergence, or with accommodation). Because the near
reflex pathways do not go below the oculomotor com-
plex, if convergence is normal, the MLF lesion is below
the oculomotor nuclei; if convergence is not normal, the
lesion is in the MLF at the level of the oculomotor
nuclei. Cogan called these posterior and anterior INO,
respectively [1,8,9].

The INO of multiple sclerosis is frequently bilateral
and is found primarily in younger patients. A particu-
larly frequent pattern is the subacute onset of INO in a
patient with multiple sclerosis. The paralysis begins
more or less abruptly, and subsequently improves
during a course lasting weeks or months. Unilateral
INO occurs more frequently in the elderly or in patients
with vascular disorder. The mechanism is an infarction
in the distribution of a small paramedian artery that
supplies the region containing the MLF. Vessels in this
region tend to respect the sagittal plane, supplying areas
that do not cross the midline. Such lesions are very
small and difficult to detect on MRI scanning. Rarely,
bilateral INO may result from occlusion of a unilateral
pontine branch artery [10]. INO can be persuasively
mimicked by ocular myasthenia. If the adduction deficit
is variable, an edrophonium test can reveal a myas-
thenic cause [11]. Table 1 lists common causes of INO.

Table 1 Common causes of internuclear ophthalmoplegia

Multiple sclerosis (commonly bilateral)

Brainstem vascular disorders (commonly unilateral)

Brainstem and fourth ventricular tumors, remote effect

Arnold-Chiari malformation

Brainstem encephalitis, Whipple disease, syphilis

Hepatic and Wernicke encephalopathy, Fabry disease

Drug intoxications (phenothiazines, tricyclic antidepressants,
beta-adrenergic blockers, lithium, barbiturates, or p-penicillamine)
and toxins (toluene)

Head trauma

Pseudo-internuclear ophthalmoplegia (myasthenia gravis or Fisher

syndrome)

© 2009 The Author(s)
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Internuclear ophthalmoplegia can be seen in clinical
practice as isolated unilateral, bilateral, one-and-a-half
syndrome, wall-eyed bilateral internuclear ophthalmo-
plegia (WEBINO), and ‘INO and trochlear syndrome’.
Isolated unilateral INO usually can be a unique and the
sole manifestation of ischaemic stroke syndrome caused
by small dorsal brainstem infarction, and generally has
a good prognosis. Bilateral INO is usually due to
multiple sclerosis [12—-15].

One-and-a-half syndrome is present when the hori-
zontal movement of one eye has been completely or
partially lost, and it can neither adduct nor abduct (the
‘one’), whilst the fellow eye has lost its adduction but
retains normal abduction movements (the ‘half’). Dam-
age to the PPRF and/or the abducens nucleus causes
paralysis of ipsilateral horizontal conjugate gaze.
Simultaneous damage to the MLF produces INO char-
acterized by paralysis of adduction of the ipsilateral eye,
whilst the capacity for abduction of the contralateral eye
is retained. Convergence is generally spared as oculo-
motor nerve is spared bilaterally. Some patients with one-
and-a-half syndrome also have an associated facial nerve
palsy, hemiparesis, and unilateral hemihypoanesthesia
[9]. One-and-a-half syndrome is most often caused by
multiple sclerosis, brainstem stroke, brainstem tumors,
and arteriovenous malformations affecting the pontine
tegmentum [7,16—18]. Ocular myasthenia can also mimic
one-and-a-half syndrome [11].

Wall-eyed bilateral internuclear ophthalmoplegia is a
rarely reported syndrome characterized by bilateral
exotropia (wall-eyed) in primary position and bilateral
INO. The cause of exotropia is uncertain. Convergence
is impaired. There is dispute about whether WEBINO is
caused by a pontine or midbrain lesion, and whether the
medial rectus subnuclei are implicated. The most com-
mon causes of WEBINO are multiple sclerosis, vascular
accidents, myasthenia gravis, post-infectious causes,
chronic inflammatory demyelinating polyneuropathy,
and rarely, progressive supranuclear palsy [19-21].

LESION

Figure 2 Anatomic drawing of the brain-
stem with axial cross section at the level
of the trochlear nucleus and the medial
longitudinal fasciculus. SOM, superior
oblique muscle; MLF, medial longitudinal
fasciculus. Note the close relationship of
the MLF and the trochlear nucleus.
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A highly rare syndrome characterized by INO and
contralateral hypertropia secondary to a trochlear
nerve palsy involves a unilateral MLF lesion at the
caudal midbrain with extension into the trochlear
nucleus on the same side. Because the trochlear nerve
exits and decussates to innervate the opposite side
superior oblique muscle, hypertropia is on the opposite
side of the lesion. The concept of an INO combined
with contralateral trochlear palsy due to mesencephalic
lesion is illustrated with Fig. 2. However, in the case of
INO; the higher eye is usually on the side of the lesion
[4,22,23].

In a study of 65 patients from Mexico, INO was
unilateral in 36 patients (55.4%) and bilateral in 22
patients (33.8%); one-and-a-half syndrome occurred in
seven patients (10.8%). The most common causes were
vascular in 24 patients (36.9%), multiple sclerosis in 21
patients (32.3%), and infectious diseases in nine pa-
tients (13.8%); the remaining 11 patients (17.0%) had
other causes. Resolution of INO was seen in almost half
of the patients during the first 9 months [24]. A recent
study by Keane [25] presented a series of 410 patients
with INO. The cause of INO was infarction in 157
patients (38%), multiple sclerosis in 139 (34%), and
unusual causes in 114 (28%) in this study. Unusual
causes included trauma (5%), tentorial herniation
(5%), infection (4%), tumor (4%), iatrogenic injury
(3%), hemorrhage (3%), vasculitis (2%), and miscella-
neous (2%). Internuclear ophthalmoplegia was unilat-
eral in 136 of the infarct cases (87%), 38 of those with
multiple sclerosis (27%), and 48 of the unusual cases
(42%) [25].

Supranuclear control of eye movements

In Ewald Hering’s Theory of Binocular Vision published
140 years ago, he said: ‘One and the same impulse of
will drives both eyes simultaneously as we can direct a
pair of horses with single reins.” He meant that the brain
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Table 2 The eye movement systems and their functions

Gaze shift

Saccades To bring images of objects of interest
onto the fovea

To keep the image of a moving target

on the fovea

Smooth pursuit

Vergence To move the eyes in opposite directions
Gaze maintenance
Optokinetic To hold images on the retina during
sustained head rotation
Vestibular To hold images on the retina during brief
head rotations
Fixation To hold eyes conjugately in a particular position

controls the eyes as a single organ [12]. The eyes move
to keep images on the foveas precisely as possible.
There are the different types of eye movements to
accomplish this task. If the eyes move conjugately, this
is called version movement. Versional eye movements
are divided into fast eye movements called saccades,
slow eye movements called smooth pursuits, vestibulo-
ocular, and optokinetic movements. Saccades are pri-
marily directed toward stationary targets whereas
smooth pursuit tracks moving targets. Compensatory
movements of the head and body, or altered positions
of the eyes to follow rotating targets, depend on the
vestibular (vestibulo-ocular reflex) and optokinetic sys-
tems (optokinetic reflex). If the eyes move in opposite
directions, this is called vergence movement, and it
includes movements such as divergence and convergence
[1,3,26]. Table 2 summarizes the six eye movement
systems and their functions.

Saccadic eye movements

Saccades bring images of the objects of interest onto the
fovea. They are fast eye movements (up to 1000 degrees
per second) and their duration is very short (30-80 ms).
Saccades can be voluntary, spontaneous, or reflexive in
response to stimuli. The fast phases of vestibular and
optokinetic nystagmus and the rapid eye movements of
sleep are also saccades. Saccades are served by a cortical
network consisting of the saccadic part of the frontal
eye fields, the supplementary eye fields, the dorsolateral
prefrontal cortex, the cingulate eye field, and the lateral
intraparietal area (Fig. 3). The cortical eye fields project
to the PPRF in the brainstem, to the superior colliculus,
either directly or through the basal ganglia, and to
pontine nuclei that relay the information to the saccadic
region of the cerebellum [27]. It is well known that the
frontal eye field is involved in the triggering of inten-
tional saccades, the parietal eye field in that of reflexive
saccades, the supplementary eye fields in the initiation
of motor programs comprising saccades, the pre-
supfplementary eye fields in learning of these programs,

and the dorsolateral prefrontal cortex in saccade inhi-
bition, prediction, and spatial working memory [27,28].

The PPREF is essential for horizontal eye movements
[28]. It receives afferent impulses from the frontal eye
field (Brodmann area 8) and from the posterior eye field
by way of tracts that descend in the anterior limb of the
internal capsule and the cerebral peduncle, and then
cross the midline at midbrain level (Fig. 4). The critical
structure for vertical eye movements is the rostral
interstitial nucleus of the medial longitudinal fasciculus
located in the rostral portion of the midbrain [29,30]. It
receives some direct input from the frontal eye fields,
but its activity is largely controlled by impulses from the
PPRF [26,27,31-34].

Smooth pursuit eye movements

The smooth pursuit system allows foveal fixation on a
moving target. These movements are much slower than
saccades, with maximum frequency of 100 degrees per
second. Each cerebral hemisphere controls ipsilateral
pursuit. Smooth pursuit eye movements are served by a
cortical network involving the visual system, the medial
temporal area, the middle superior temporal area, and
the pursuit subregion of the frontal eye fields. The
middle superior temporal area and the adjacent areas
project to the contralateral dorsolateral pontine nuclei
that relay the information to the cerebellar cortex. The
cerebellar nuclei project to the ipsilateral vestibular
nuclei, which then project to the nuclei of cranial nerves
II1, IV, and VI via the MLF (Fig. 5). The pursuit gaze
center drives pursuit movements to the ipsilateral side
[3,7,26,27,30,35,36].

Vestibular and optokinetic eye movements

The vestibular system functions to stabilize gaze and
maintain clear vision during head movements. Inputs
from the semicircular canals related to angular accel-
erations during brief head rotations trigger the vestib-
ulo-ocular reflex. The vestibulo-ocular reflex pathway
passes from the vestibular ganglion to the vestibular
nuclei that relay information to the cerebellum, pri-
marily to the flocculonodular lobe. Impulses from this
system travel to both sides of the brainstem to the
ocular motor nuclei via the MLF. The horizontal ves-
tibular fibers cross and synapse in the both the abdu-
cens nuclei and the PPRF. Therefore, stimulation of
one horizontal semicircular canal causes contralateral
horizontal eye movement (Fig. 4). The vertical vestib-
ular fibers go to the contralateral oculomotor and
trochlear nuclei [1,5]. The oculocephalic reflex is elicited
by rotating the head sideways in comatose patients
[3,12,29].

© 2009 The Author(s)

Journal compilation © 2009 EFNS European Journal of Neurology 16, 1265-1277



DORSOLATERAL
PREFRONTAL
CORTEX

SUPPLEMENTARY
EYE FIELD

Internuclear and supranuclear disorders of eye movements

FRONTAL EYE FIELD

1269

VISUAL
CORTEX,

PARIETAL
J‘-’ EYE FIELD

CINGULATE
EYE FIELD

A/

\ 4

NIGRA

SUBSTANTIA

Volitional
Saccades

' v

; SUPERIOR COLLICULUS

Spontaneous,
Reflexive
Saccades

riMLF
(midbrain)

PPRF

(pons)

Figure 3 Main cortical areas and descending pathways involved in saccade control. riMLF, rostral interstitial medial longitudinal

fasciculus; PPRF, paramedian pontine reticular formation.

The otoliths sense linear acceleration. Utricular and
saccular fibers project to the vestibular nuclei, cerebel-
lum, and the interstitial nucleus of Cajal. Sustained
head tilting results in a static vestibular reflex [26]. The
optokinetic system holds images of the seen world
steady on the retina during sustained head rotation.
A slow-phase eye movement (pursuit) is followed by a
quick phase (saccade) to re-fixation. This sequence
forms the pattern of optokinetic nystagmus. Optoki-
netic nystagmus is produced by fixation on an object
that is moving relative to the observer. It depends on
optic system, the striate cortex, the pontine, vestibular,
and perihypoglossal nuclei, and the cerebellum. The
vestibular and optokinetic systems work together to
maintain clear vision during head rotation [12].

Vergence eye movements
Vergence eye movements move the eyes in opposite

directions so that images of a single object are placed on

© 2009 The Author(s)

both foveas. Convergence and divergence are active
processes that depend on reciprocal activation and
inhibition of the medial and lateral rectus muscles.
Impulses pass from the medial to lateral rectus subnu-
cleus motor neurons by way of the oculomotor inter-
nuclear complex and additional regions related to
vergence areas 19 and 22 of the occipital lobes and the
pontine tegmentum [1,3,12].

Neural integration

Gaze holding, which is sustaining the eyes conjugately
in eccentric positions in the orbits, requires an appro-
priate tonic ocular motor activity called neural inte-
gration. A variety of structures may be important for its
normal function, including the cerebellum, vestibular
nuclei, pontine reticular formation, interstitial nucleus
of Cajal (INC) and perihypoglossal nuclei. The peri-
hypoglossal nuclei consist of the nucleus prepositus
hypoglossi (NPH), the intercalates nucleus, and the

Journal compilation © 2009 EFNS European Journal of Neurology 16, 1265-1277
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saccadic eye movements (dark grey; red in online figure) and the
ascending projections involved in the activation of the horizontal
semicircular canal (light grey; blue in online figure). FEF, frontal
eye field; PPRF, paramedian pontine reticular formation; MLF,
medial longitudinal fasciculus; SCs, semicircular canals; MR,
medial rectus; LR, lateral rectus.
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nucleus of Roller. Mainly, the INC is the neural inte-
grator for vertical and torsional eye movements and the
NPH and medial vestibular nucleus are the integrator
for horizontal eye movements. However, the cerebral
hemispheres, particularly the parietal lobes, also influ-
ence gaze holding by encoding the location of a target
in space [3,8,12,26].

Supranuclear disorders of eye movements

In a Japanese study of ocular motility disturbances,
supranuclear ocular motor disorders accounted for
almost 10% of all patients with disorders of eye move-
ments [36]. Supranuclear eye movement abnormalities
can be classified as shown in Table 3. Patients with gaze
palsy may be asymptomatic or may have blurry vision.
Diplopia is present in vergence and disconjugate gaze

VISUAL CORTEX

l

FRONTAL EYE FIELD, MIDDLE TEMPORAL AREA,
SUPPLEMENTARY EYE <=5 MEDIAL SUPERIOR TEMPORAL AREA,
FIELD LATERAL INTRAPARIETAL AREA

A

THALAMUS, SUPERIOR COLLICULUS,
DORSOLATERAL PONTINE NUCLEI

}

FLOCCULUS/PARAFLOCCULUS,
POSTERIOR VERMIS

!

VESTIBULAR NUCLEI

l

34,6

Figure 5 Schematic cortical areas and descending pathways of
smooth pursuit system.

Table 3 Classification of supranuclear disorders of eye movements

Gaze palsies: horizontal, vertical (upward, downward), total
Tonic gaze deviation

Saccadic disorders

Smooth pursuit disorders

Vergence abnormalities

Nystagmus

Ocular oscillations

abnormalities such as skew deviation and internuclear
ophthalmoplegia. Vertigo is associated with involve-
ment of the vestibular system.

The physician should observe the position of the eyes
in primary position to evaluate for conjugate deviation,
tropia, or phoria. The patient is asked to pursue a slow-
moving target for observation of smooth pursuit eye
movements, and to perform saccades by looking
quickly from the primary position to an eccentric tar-
get. Oculocephalic maneuvers (doll’s head maneuvers)
are performed on an alert patient. If the oculocephalic
maneuver moves the eyes appropriately into the weak
field of gaze, the gaze palsy is supranuclear. If the oc-
ulocephalic maneuver does not move the eyes appro-
priately, the lesion may be internuclear, nuclear, or
infranuclear. In addition, the near reflex should be
examined for vergence eye movements [7,8].

© 2009 The Author(s)
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Gaze palsy

Gaze palsy refers to weakness of the conjugate move-
ment of the eyes in a particular direction. The types of
gaze palsy include horizontal, vertical, and total [12].

Horizontal gaze palsy

Horizontal gaze palsy is due to a lesion in either the
contralateral hemisphere, the frontopontine pathways,
or the ipsilateral side of the pons [30].

Lesion of the frontal eye field

All saccades to the opposite side are initially abolished,
usually in association with contralateral hemiparesis.
Thus, there is conjugate eye deviation to the side of the
lesion, called ‘the patient looks toward the lesion.” Such
gaze paresis resolves within a few days of stroke if there is
no previous lesion in the contralateral frontal lobe [8,34].

Lesion of the paramedian pontine reticular formation
Unlike a hemispheric lesion, a lesion of the PPRF
causes long-lasting saccadic gaze palsy to the ipsilateral
side of the lesion. The patient with a pontine lesion
looks away from the lesion. Because the PPRF lesions
spare the vestibulo-ocular connections by way of the
MLF, the vestibulo-ocular reflex and response to
caloric stimulation are normal [8].

Lesion of the abducens nucleus

Because the abducens nucleus contains motor neurons
that innervate the ipsilateral lateral rectus muscle and
the axons of the PPRF neurons go to the MLF, a lesion
of the abducens nucleus leads to ipsilateral gaze palsy of
all eye movements including saccades, pursuit and
VOR. The gaze paresis due to a lesion of the abducens
nucleus can not be overcome by vestibular stimulation;
however, vergence movements of the eyes are spared so
adduction is possible with near stimulus [5,8].

Locked-in syndrome

Lesions in isolated bilateral corticospinal tracts, the
PPRF, or the abducens nucleus in the pons cause
bilateral horizontal gaze palsy, quadriplegia, and
swallowing palsy, with normal vertical eye movements.
This is called the locked-in syndrome, and it is usually
the result of pontine infarction due to basilar artery
thrombosis [8,12].

Vertical gaze palsy

If an isolated vertical gaze palsy is present, the lesion is
in the midbrain, bilateral pons, or cerebral hemispheres.
Elderly people may have difficulty with upward gaze in

© 2009 The Author(s)
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a non-specific manner. Vertical gaze palsy usually af-
fects both upward and downward gazes [26,29,30,37—
39].

Upward gaze palsy

Lesions of the dorsal midbrain or the pretectal area pro-
duce only an upward gaze palsy. An upward gaze palsy
can be present due to aging, Parinaud syndrome,
Parkinson’sdisease (PD), lipidosis, or Whipple disease[8].

Parinaud syndrome is associated with poor to absent
upward gaze, lid retraction (Collier sign), convergence-
retraction nystagmus, and light-near dissociation of
midposition pupils [7,40]. The causes of Parinaud syn-
drome are listed in Table 4.

Patients with PD commonly complain of impaired
visual function and difficulty reading, despite normal
visual acuity. PD is associated with defects in saccadic
and smooth pursuit movements, the blink reflex, and
pupil reactivity. Upward gaze is moderately restricted,
affecting saccades first and pursuit later. Steady fixation
is often disrupted by square wave jerks. Slower saccadic
gaze, hypometric saccades, cogwheel pursuit, conver-
gence insufficiency, typical parkinsonian stare, reduced
blink reflex, and abnormal optokinetic nystagmus are
common in PD. These ocular abnormalities frequently
respond to treatment [8,41,42].

Whipple disease is a rare infectious disorder charac-
terized by weight loss, diarrhea, arthritis, and fever. It
can lead to supranuclear gaze palsy that initially affects
vertical saccades and quick phases of nystagmus;

Table 4 Causes of Parinaud syndrome

Pineal tumors
Paraneoplastic
Hydrocephalus
Vascular disorders
Midbrain hemorrhage or infarction
Thalamic hemorrhage or infarction
Metabolic disorders
Lipid storage diseases
Wilson disease
Kernicterus
Drug-induced
Barbiturates
Carbamazepine
Neuroleptics
Degenerative disorders
Progressive supranuclear palsy
Huntington disease
Olivopontocerebellar atrophy
Diffuse Lewy body disease
Miscellaneous
Multiple sclerosis
Whipple disease
Trauma
Encephalitis

Journal compilation © 2009 EFNS European Journal of Neurology 16, 1265-1277
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eventually, all eye movements may be lost. Oculomas-
ticatory myorrhythmia is a highly characteristic finding
with pendular vergence oscillations and concurrent
contractions of masticatory muscles [1,8].

Monocular elevation paresis which is also known as
double elevator palsy is characterized by the inability to
elevate one eye without ocular deviation from the pri-
mary position. The lesion involves the connection of the
rostral interstitial nucleus of the MLF to the oculo-
motor nuclei in the pretectum. The vestibulo-ocular
reflex is intact. Monocular elevation paresis may be
congenital or acquired, and it may be mimicked by
thyroid ophthalmopathy, myasthenia gravis, or chronic
progressive external ophthalmoplegia [1,43].

Downward gaze palsy

Isolated downward gaze palsy is seen rarely, and is
produced by lesions in both rostral interstitial nuclei of
the MLF in the ventral midbrain. The lesions may be
due to the posterior thalamo-subthalamic paramedian
artery infarction, progressive supranuclear palsy, or
histiocytosis [26].

Initially, patients with progressive supranuclear palsy
(PSP) have difficulty with downward gaze palsy; the
disorder progresses to involve upward and horizontal
gazes. Fixation instability and eyelid abnormalities,
particularly lid retraction, blepharospasm, and apraxia
of eyelid opening and closure, are important distin-
guishing signs of PSP (Table 5). The end-stage of PSP is
characterized by global ophthalmoplegia. Vestibulo-
ocular maneuvers and calorics can drive the eye
movements normally, confirming the supranuclear ori-
gin [44]. The clinical features of PSP resemble those of
PD, diffuse Lewy body disease, corticobasal degenera-
tion, and multisystem atrophy [45,46]. Unstable gait,
absence of tremor, and absence of a response to levo-
dopa differentiates PSP from PD, which is usually
characterized by upward gaze palsy and cogwheel

Table 5 Differential diagnosis of PSP, PD, DLBD, CBD and MSA

PSP PD DLBD CBD MSA

Vertical supranuclear +++ + - -+ -

gaze palsy

Onset of symptoms (age) 40-50 60-70 60-70 50-70  40-60
Postural/gait instability ++4+ + + + + + + ++
Falls +++ —/+ + + +
Tremor dominant disease — +++ + + ++
Response to levodopa —/+ +++ + -/ + +
Delusions - —/+ +++ + _
Alien limb syndrome - - - +++ -
Autonomic symptoms - -/+ - - + 4+ +

PSP, progressive supranuclear palsy; PD, Parkinson’s disease; DLBD,
diffuse Lewy body disease; CBD, corticobasal degeneration; MSA,
multiple system atrophy.

pursuit. Supranuclear vertical gaze palsy, gait instabil-
ity, and the absence of delusions distinguishes PSP from
diffuse Lewy body disease. Gait abnormality, severe
upward gaze palsy, bilateral bradykinesia, and absence
of alien limb separates PSP from corticobasal degen-
eration. Supranuclear vertical gaze palsy and increased
age at symptom onset distinguishes progressive supra-
nuclear palsy from multiple system atrophy [42,45—47].

Total ophthalmoplegia
It can be seen in PSP, systemic lupus erythematosus,
Miller Fisher Syndrome, Whipple disease, Wernicke
encephalopathy, and drug intoxications (such as phe-
nytoin, carbamazepine, tricyclic antidepressants, lith-
ium, and baclofen) [§].

Miller Fisher Syndrome (MFS) is the most frequent
variant of the Guillain-Barré Syndrome. It is charac-
terized by the classic triad of ophthalmoplegia, ataxia
and areflexia. Pupillary abnormalities, blepharoptosis,
and facial palsy are frequently seen in MFS. MFS is
mostly an acute, self-limiting condition, and can be
associated with infectious, autoimmune, and neoplastic
disorders. The anti-GQ1b IgG antibody titer is most
commonly elevated in MFS. Patients with MFS usually
had good recovery and no residual deficits [48].

Wernicke encephalopathy is a metabolic disorder
caused by thiamine deficiency, most commonly seen in
alcoholic people, characterized by ophthalmoplegia,
mental confusion, and gait ataxia. The ocular motor
findings include weakness of abduction, gaze-evoked
nystagmus, vertical nystagmus in primary position,
impaired vestibular responses, INO, the one-and-a-half
syndrome, and horizontal and vertical gaze palsies that
may progress to total ophthalmoplegia [8,12].

Tonic gaze deviation

Tonic gaze deviation refers to sustained eye movement
in a particular direction. The deviation may be hori-
zontal or vertical [1,5].

Horizontal deviation

Ipsilateral, acute lesions of the cerebral hemisphere or
contralateral lesions of the pons cause tonic horizontal
conjugated deviation. Irritation of the frontal eye fields
in epileptic patients causes contralateral deviation of
the eyes [8].

Vertical deviation

Vertical deviation may be upward or downward. Upward
deviation is seen in oculogyric crisis following post-
encephalitic parkinsonism, cerebrovascular disorders, or
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response to phenothiazine. Downward deviation can oc-
cur in hydrocephalus, metabolic encephalopathy, or
thalamic hemorrhage [26].

Saccadic disorders

Saccadic palsy

An inability to generate saccades is termed saccadic
palsy. Horizontal saccadic palsy may occur transiently
in acute lesions of the contralateral frontal eye field or
the ipsilateral PPRF. Complete loss of all saccades can
also be seen after cardiac surgery [8,32,49].

Saccadic dysmetria

Saccadic dysmetria refers to saccades of inappropriate
amplitude, which also may be slow. Saccadic dysmetria
is found in cerebellar disease in which centripetal sac-
cades are hypermetric and centrifugal saccades are
hypometric. Saccades in PD may be hypometric and
associated with increased latency. Mild to moderate
hypometria of saccades also may be seen in multiple
system atrophy [50].

Slow saccades

Slow saccades are present in spinocerebellar and
olivopontocerebellar degeneration, PD, PSP, Hunting-
ton chorea, Wilson disease, large unilateral lesions of
the cerebral hemispheres, lesions of the PPRF, para-
neoplastic syndromes, and drug intoxications with
drugs such as anticonvulsants or benzodiazepines
Varying degrees of slowing of saccades in the vertical
plane or both horizontal and vertical planes may also
be seen after cardiac surgery [8,49].

Ocular motor apraxia

Ocular motor apraxia describes an eye movement dis-
order characterized by loss of or severely diminished
volitional saccades with retention of the fast phases of
vestibular nystagmus [7,8]. Congenital ocular motor
apraxia, which was initially described by Cogan, man-
ifests in newborn infants. An affected child has difficulty
performing horizontal saccades to commands. Instead,
the child uses a head thrust in the desired direction of
gaze until the eyes reach the desired position to main-
tain fixation. Spontaneous and reflex saccades are
normal [51-53]. Although congenital ocular motor
apraxia affects only horizontal eye movements, rare
acquired ocular motor apraxia (Balint syndrome)
develops with unilateral dominant or bilateral lesions of
the frontal and posterior eye fields. Patients have
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impairment of both horizontal and vertical saccadic
movements [26]. Balint syndrome is characterized by
visual disorientation or simultanagnosia; ocular
apraxia, which is a deficit of visual scanning; or optic
ataxia, an impairment of pointing and reaching under
visual guidance. Bilateral border zone infarction in the
occipitoparietal region is the most frequent cause of the
complete Balint syndrome [12,32-34,54,55].

Smooth pursuit disorders

Unilateral smooth pursuit paresis

A unilateral lesion of the parieto-occipital junction may
cause difficulty with the ability to track a target in the
ipsilateral direction. The patient uses small saccades,
called saccadic pursuit or cogwheel pursuit, to follow
the target. A contralateral homonymous field defect is
often present in these patients. Optokinetic nystagmus
is absent ipsilateral to the lesion. Unilateral smooth
pursuit paresis also can be seen in patients with uni-
lateral cerebellar disorders [27].

Bilateral smooth pursuit paresis

A patient with bilateral smooth pursuit paresis is unable
to pursue a target smoothly. Saccadic pursuit is a main
clinical finding. This disorder is not anatomically spe-
cific and can be seen with diffuse disease of the cerebral
hemispheres, cerebellum, or brainstem. Impaired
attention or some drugs (such as sedatives, anticon-
vulsants, lithium, and methadone) can also cause
bilateral smooth pursuit paresis [8,35].

Vergence abnormalities

Convergence paralysis

Convergence paralysis is characterized clinically by
horizontal diplopia with near and normal medial rectus
muscle function during ductions and versions, there is
no convergence to a near target. A lack of near effort by
the patient also can simulate convergence paralysis.
Rostral midbrain lesions caused by infection, infarc-
tion, or demyelination can cause convergence paralysis,
although it can also be seen in PD and PSP. Conver-
gence insufficiency is a very common problem causing
reading complaints in students. It can often be seen in
otherwise normal cases [1,42].

Convergence spasm

In spasm of the near reflex, the patient has symptoms of
diplopia and blurred vision; evaluation shows miosis
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(contraction of the pupil) and episodic adduction of one
or both eyes. Ductional eye movements are full. Nor-
mal function of the lateral rectus muscle can be dem-
onstrated using optokinetic nystagmus testing,
vestibulo-ocular reflex maneuvers, or calorics. In the
absence of neurologic findings, convergence spasm is
usually psychological. The patient is usually in a
stressful situation or using the eyes to read a lot when
the spasm occurs. It is rarely an organic condition re-
lated to dorsal midbrain disease [1,56].

Divergence paralysis

A patient with divergence paralysis has horizontal
diplopia and esotropia (the form of strabismus in
which the visual axes converge) at distance. If the
lateral rectus muscle has normal function with version
testing and the divergence paralysis exists in isolation,
no further evaluation is necessary. If the lateral rectus
muscle is weak, divergence paralysis may be due to
increased intracranial pressure, multiple sclerosis,
infection, cerebrovascular disease, or lumbar puncture
[1,26].

Nystagmus

Jerky, pendular, rotatory, dissociated, or mixed forms
of nystagmus may be seen in eye movement disorders of
central origin. Jerky nystagmus refers to slow-phase
drifts and fast-phase corrections. Pendular nystagmus is
a symmetric nystagmus describing sinusoidal oscilla-
tions. Nystagmus of unequal extent in the eyes is termed
dissociated form. Mixed forms of nystagmus can co-
exist. Other forms of nystagmus occur in central dis-
orders of the ocular motor system, including see-saw
and convergence-retraction nystagmus [1,8].

Jerky nystagmus

Horizontal nystagmus in the primary position
Horizontal nystagmus in the primary position arises
from lesions of the labyrinthine and vestibular nuclei.
The direction of nystagmus, which is fast-phase, is
contralateral to the lesion. A rotatory component may
be present in labyrinthine disease, but purely rotatory
nystagmus is characteristic of a central lesion. Central
horizontal nystagmus is not diminished by optic fixa-
tion. Skew deviation (ipsilateral hypotropia) may occur
in lateral medullary infarction, but only rarely in lab-
yrinthine lesions [8].

Upbeat nystagmus
Upbeat nystagmus is seen in the primary position with
lesions of the dorsal cerebellar vermis, pons, and

medulla, and as an adverse effect of certain drugs (such
as barbiturates) and cigarettes [57].

Downbeat nystagmus

Downbeat nystagmus can be caused by a lesion at the
craniocervical junction, such as Arnold-Chiari malfor-
mation, cerebellar disease, hydrocephalus, metabolic
disorder, familial periodic ataxia, multiple sclerosis, or
multiple system atrophy [49]. In addition, downbeat
nystagmus can be caused by drugs such as carbamaze-
pine, barbiturates, phenytoin, and lithium, and toxins
such as toluene, especially in glue-sniffing addiction.
Downbeat nystagmus is usually present in the primary
position, and it becomes more prominent on looking
down (Alexander’s law) [8,57].

Periodic alternating nystagmus

Periodic alternating nystagmus (PAN) is spontaneous
and horizontal, and it reverses direction approximately
every 3-4 min. It may arise from spinocerebellar
degeneration, posterior fossa tumors, head trauma,
vascular diseases, encephalitis, or phenytoin intoxica-
tion PAN also may be associated with downbeat nys-
tagmus in the primary position in craniocervical
junction anomalies and multiple sclerosis [54,58,59].

Gaze-paretic nystagmus

In gaze-paretic nystagmus, nystagmus is not present in
the primary gaze; it appears in the extremes of lateral or
vertical gaze, due to a defective neural integrator. The
horizontal form of gaze-paretic nystagmus may be
physiological (end-point nystagmus) or caused by ipsi-
lateral cerebellar lesions mainly affecting the flocculus,
sedatives, anticonvulsants, or ethanol. Gaze-paretic
nystagmus in the upward gaze may be caused by a
cerebellar lesion, INO, drugs (for example, barbitu-
rates), or tobacco [§].

Bruns nystagmus

Bruns nystagmus is characterized by a combination of
slow, large-amplitude nystagmus when looking toward
the side of lesion and fast, small-amplitude nystagmus
when looking to the opposite side. The slow nystagmus
is caused by dysfunction of the neural integrator in the
cerebellum, and the fast nystagmus is caused by ves-
tibular dysfunction in the brainstem. Bruns nystagmus
is commonly seen with tumors located at the cerebel-
lopontine angle, such as acoustic neuroma [5,8].

Rebound nystagmus

Rebound nystagmus refers to a primary position nys-
tagmus that follows a sustained gaze-paretic nystagmus
in the opposite direction. It is usually seen in cerebellar
diseases [7].
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Central positional nystagmus

Positional nystagmus is triggered by particular head
positions. Central lesions, such as medullar and pos-
terior cerebellar vermis, result in an immediate posi-
tional nystagmus that persists and may be purely
vertical or rotator [7].

Pendular nystagmus

Pendular nystagmus may be congenital or acquired; if
acquired, it can be caused by multiple sclerosis, brain-
stem infarction, cerebellar lesions, metabolic disorders,
or prolonged exposure to toluene. It can be horizontal,
vertical, or both [5,7].

Dissociated nystagmus

Nystagmus of unequal extent in two eyes is termed
dissociated nystagmus. INO caused by a lesion of the
MLF is associated with nystagmus in the abducting eye
and paralysis in the adducting eye [7].

Other forms of nystagmus

See-saw nystagmus

See-saw nystagmus is characterized by alternating
cycles of elevation and intorsion of one eye and syn-
chronous depression and extorsion of the other eye, at a
frequency of about one cycle per second. It may be
congenital or acquired; when acquired, it is associated
with parasellar tumors or midbrain diseases including
disease affecting the interstitial nucleus of Cajal [7,8].

Convergence-retraction nystagmus
Convergence-retraction nystagmus, characterized by
quick phases that converge or retract the eyes, is caused
by a lesion of the mesencephalon. It is usually accom-
panied by impaired upward gaze and other dorsal
midbrain signs. It is best elicited by using optokinetic
drum or attempting upward saccades [5].

Ocular oscillations

Square wave jerks

Square wave jerks are a type of ocular oscillations with
small-amplitude, conjugate, saccadic eye movements
that move the eyes away from the target and, after
approximately 200 ms, return them to the original po-
sition. Square wave jerks may occur in normal indi-
viduals and in a variety of neurological disorders, most
commonly, cerebellar disease, PD, PSP, or multiple
system atrophy [50].
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Ocular bobbing

Ocular bobbing refers to rapid downward deviation of
the eyes followed by slow upward drift. Inverse bobbing
(ocular dipping) is slow downward deviation followed
by rapid upward return. Reverse bobbing is rapid up-
ward deviation with slow downward drift. Ocular
bobbing is usually seen in pontine dysfunction or
metabolic encephalopathy [8].

Ocular flutter

Ocular flutter is characterized by horizontal saccadic
oscillations without an intersaccadic interval. It has
been hypothesized that ocular flutter is caused by loss
of pause neuronal inhibition of burst neuron function in
the PPRF [12,60].

Opsoclonus

Opsoclonus consists of combined horizontal, vertical,
and/or torsional, disconjugate saccadic oscillations
(saccadomania). As with ocular flutter, the possible
pathophysiology of opsoclonus may be related to dis-
orders of the inhibitory control of saccadic burst neu-
rons by pontine pause cells. Opsoclonus and ocular
flutter can be caused by viral encephalitis, neuroblas-
toma, remote effect of tumor, hydrocephalus, thalamic
hemorrhage, or certain drugs (such as lithium, diaze-
pam, phenytoin, tricyclic antidepressants, cocaine, or
thallium) [8,26,60,61].

Conclusions

Eye movements are performed by the ocular motor
system and the extraocular muscles. The ocular motor
system is divided according to anatomic location into
infranuclear, nuclear, internuclear, and supranuclear
components. It is important to distinguish supranu-
clear and internuclear from nuclear and infranuclear
disturbances. INO is caused by a lesion of the MLF
that results from multiple sclerosis in younger
patients, particularly when the ophthalmoplegia is
bilateral, and that usually results from vascular dis-
orders in the elderly. Supranuclear disorders of eye
movements are characterized by gaze palsies, tonic
gaze deviation, saccadic and smooth pursuit disor-
ders, vergence abnormalities, nystagmus, and ocular
oscillations. Oculocephalic maneuvers help in the
differential diagnosis of eye movement disorders.
Supranuclear ocular motor disturbances account for
almost 10% of all patients with disorders of ocular
motility.
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Notes

This manuscript has been partially published in Turkish

in

Tiirk Noroloji Dergisi [62]. European Journal of

Neurology has the permission of Turkish Neurological
Society to publish this article. [Correction added on 12
October 2009, after first online publication: the Notes
section was inserted.]
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