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Section 1:
A 48-year-old man, recently diagnosed to have systemic hypertension, presented with
sudden onset double vision since 4 days, which was relieved by closing one eye. On
general examination, he was well oriented in time, place and person. His motor and
sensory system examination was normal. Cranial nerves V, VII and VIII were normal

Figure 1a: Ocular alignment
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Figure 1b: Ocular motility
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His ocular examination is shown in figures 1a and 1b

D

and there were no clinical signs of cerebellar dysfunction.

Questions for consideration:

1. What is the relevance of knowing if his diplopia was binocular or uniocular?
2. Describe the ocular examination findings in figure 1a and 1b

Section 2

C

The patient in this vignette presented with binocular diplopia (relieved by closing one
eye), meaning that the diplopia was related to an ocular motility issue. Uniocular

A

diplopia (persisting after closing one eye), points towards some problem in that eye
like irregular refractive media (keratoconus, lenticonus, early cataract) and the patient
needs a detailed ocular examination.1

As seen in figure 1a, there is upper eyelid retraction in both eyes (left > right) and
gross anisocoria (right pupil 7mm and left pupil 3mm in size). The right pupil did not
react to direct or consensual light reactions and on attempted convergence. The left
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eye is grossly hypotropic by 20-prism diopters (Figure 1a). There is complete up gaze
palsy in both eyes, asymmetric down gaze palsy (right eye > left eye), and slight
limitation of adduction in right eye (Figure 1b).

In addition to the findings shown in the figures 1a and 1b, the patient had additional

D

oculomotor abnormalities. He was unable to converge his eyes and there was no
convergence-retraction nystagmus on attempted up gaze. The doll’s head maneuver

TE

failed to elicit any eye movements. There was a low amplitude and low frequency

horizontal jerk nystagmus, right beating on right gaze and left beating on left gaze.
There was also down beating nystagmus of moderate amplitude and low frequency,
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increasing on down gaze. It was seen more prominently in the left eye since there was
complete vertical gaze palsy in the right eye. There was also a torsional component to
the nystagmus to the left (video 1 http://links.lww.com/WNL/B253 ).

Video 1: Nystagmus

C

Questions for consideration:

1. What is the importance of performing the doll’s head maneuver in such cases?

A

2. What is this typical pattern of oculomotor abnormality called?
3. What could be the site of lesion causing these oculomotor manifestations and the
possible causes?

Section 3:
While evaluating gaze palsy, one should check the doll’s head maneuver to
differentiate between supranuclear vs. nuclear/infranuclear lesions. The doll’s head

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited

manoeuver involves rotating the patient’s head horizontally and vertically with
eyelids open, and the patient looking at a target object. This test evaluates integrity of
the vestibulo-ocular reflex (VOR), which causes eye movement by stimulating the
ocular motor nuclei in brain stem to reflexly stabilize the eyes without involvement of
the cerebral cortex. In a patient with horizontal or vertical gaze palsy, the presence of
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eye movements with doll’s head maneuver indicates that the nuclear and infranuclear
pathways are intact and the lesion is at supranuclear level. Absence of eye movement

TE

on doll’s head manoeuver is suggestive of a nuclear or infranuclear lesion, as in our
patient.2 Since our patient has vertical gaze palsy with a negative doll’s head
maneuver, the site of lesion is likely to be at the thalamo-mesencephalic junction,
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which hosts the vertical gaze center.

Rostral interstitial nucleus of medial longitudinal fasciculus (riMLF) controls
ipsilateral downward and contralateral upward gaze, hence an isolated unilateral
lesion of riMLF would lead to impaired upgaze in contralateral eye and impaired
down gaze in the ipsilateral eye. Fibers controlling contralateral upward gaze cross

C

over at the posterior commissure (PC), hence a single lesion at the PC would cause
bilateral upgaze palsy. A lesion affecting the PC and riMLF on one side would result
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in complete vertical gaze palsy in one eye and upgaze palsy in the other eye, and this
combination is called ‘vertical one and a half syndrome’.3 Our patient had a complete
vertical gaze palsy in the right eye and upgaze palsy in the left eye, most likely caused
by the thalamo-mesencephalic infarct affecting the PC and right sided riMLF. The
other differential diagnosis for the hypotropia in the left eye could be skew deviation
in right eye with hypotropia in the left eye, but on fundus examination there was no
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torsion in either eyes and there was no reduction in hypotropia in supine position, thus
ruling out skew deviation.4

Questions for consideration:
This patient is being managed in a resource-limited setting in sub-Saharan Africa
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where only computed tomography (CT) scan is available.
1. Can you describe the lesion seen on the CT scan of the brain in this patient?

based on the CT scan?
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Figure 2a: CT brain- axial section
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2. Can you explain the oculomotor, eyelid and pupillary findings that this patient has

Figure 2b: CT brain axial section at the level of quadrigeminal cistern
Figure 2b: CT brain- sagittal section

Section 4:

Computed Tomography (CT) scan of the head shows a focal hypodensity in the right
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thalamus, suggestive of infarction, involving its medial part close to the wall of the
third ventricle as seen in axial section (Figure 2a) with extension into the rostral part
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of the midbrain as seen in the axial section at the level of quadrigeminal cistern
(Figure 2b) and also in the sagittal section (Figure 2c).

To explain all the oculomotor features of this case, a brief revision of control of
vertical eye movements would help (Figure 3a).5 The final common pathway for
vertical eye movements is formed by the oculomotor nucleus complex situated in the
dorsal midbrain at the level of the superior colliculi [subnuclei of the superior rectus
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(SR), inferior rectus (IR) and inferior oblique (IO)] and trochlear nerve nuclei
[supplying superior oblique (SO) muscle] situated in the dorsal midbrain at the level
of the inferior colliculi. The vertical gaze center controlling the vertical eye
movements is situated at the thalamo-mesencephalic junction and it comprises three
principal structures: rostral interstitial nucleus of the medial longitudinal fasciculus
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(ri-MLF), the interstitial nucleus of Cajal (INC) and the posterior commissure (PC).5
Table 1 summarizes details of the location, connections, functions and clinical
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manifestations of lesions at these centers.
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Table 1: Summary of centers controlling vertical gaze5

In a unilateral INC lesion associated with riMLF, torsional eye movement either does
not have a fast component or it is directed to the opposite side. Thus a combined
involvement of the riMLF and INC would lead to loss of smooth pursuits, saccades
and VOR and a vertical and torsional nystagmus with fast component to the opposite
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side (Figure 3b).5

The unpaired levator palpebrae superioris (LPS) subnucleus supplies the LPS on both
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sides and is situated caudally in the dorsal midbrain, hence it is also called the central
caudal nucleus (CCN). It is postulated to receive inhibitory inputs from the nPC. In
case of an infarct involving the PC, the inhibitory inputs to the CCN are reduced,
leading to additional resting innervation going to the LPS on both sides causing
bilateral upper eyelid retraction, as seen in our case.6 The fixed and dilated pupil can
be explained by involvement of Edinger Westphal nucleus (EWN), which is situated
in close proximity to riMLF and INC.
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When present, dissociated convergence (i.e. ability to converge in absence of
adduction) is a useful sign to differentiate INO from myasthenia gravis and
oculomotor nerve palsy. Based on presence or absence of convergence, Cogan
described anterior and posterior types of INO. If a patient with INO is able to
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converge, despite inability to adduct, the MLF lesion is likely to be caudal, sparing
medial rectus subnucleus of oculomotor nerve, and this is called as posterior INO of
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Cogan. A more rostral lesion at the thalamo-mesencephalic junction, where nuclei
mediating convergence reside, is likely to affect convergence and this is called as
anterior INO of Cogan, as seen in our case. Thus the presence or absence of

convergence helps differentiate site of lesion in INO, though this rule is not always
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reliable.7 Usually in INO there is nystagmus in the abducting eye, but our patient had
right beating nystagmus on right gaze and left beating on left gaze. This could be a
form of gaze-evoked nystagmus, which is known to be caused by lesions of the MLF
involving the adjacent paramedian tracts to and from the flocculus.7

C

Based on this information and the CT scan, table 2 summaries clinical features of the

A

patient along with possible explanation for the same:

Table 2: Summary of clinical manifestations and explanation
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Discussion:
One obvious limitation while managing this case is lack of availability of magnetic
resonance imaging (MRI) due to which the exact extent of infarct cannot be known.
But that is a limitation that we need to live with while working in low resource setting

D

like sub-Saharan Africa. Though the resolution of images was not comparable to
MRI, it was still possible to perform neuro-radiological correlation of complex

TE

oculomotor manifestations.

Apart from rostral midbrain, our case also had involvement of medial part of right
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thalamus, which can also contribute to bilateral upgaze palsy. It may be attributed to
interruption of the frontobulbar fibers that decussate in the medial nucleus of the
thalamus, before reaching the superior colliculus.8

A thalamo-mesencephalic stroke can present with oculomotor manifestations alone as
in this case. Our case had ‘vertical one and a half syndrome with ispilateral

C

internuclear ophthalmoplegia’. We would like to name it as ‘vertical one and half with

A

horizontal half’ syndrome.
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Legends for figures:

Figure 1a: Ocular alignment
Clinical picture of the patient showing ocular alignment
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Clinical picture of the patient showing ocular motility
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Figure 1b: Ocular motility
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Figure 2a: CT brain- axial section
Note hypodensity in medial part of right thalamus

Figure 2b: CT brain axial section at the level of quadrigeminal cistern
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Note the caudal extension of the infarct into the mid brain

Figure 2c: CT brain- sagittal section
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Note hypodensity involving thalamus extending into rostral part of midbrain on right
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side
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Figure 3: Schematic diagram of vertical gaze centers
3a: Shows vertical gaze centers, their functions and connections
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3b: Shows area affected by infarct in our case

Legend to videos:
Video 1:

A

C

Video showing detailed characteristics of nystagmus

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited

Legends to tables

Table 1: Summary of centers controlling vertical gaze4
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Table 2: Summary of clinical manifestations and explanation

Manifestation

Explanation
Lesion at posterior commissure

Unilateral down gaze palsy on

Lesion at the right riMLF

D

Bilateral complete upgaze palsy

right side

Intact left riMLF causing unopposed down
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Left eye hypotropia

gaze movement

Downbeat torsional nystagmus

Combined involvement of right riMLF and

with torsional component to left

INC

Downbeat nystagmus more

Intact down gaze on left side due to intact

pronounced in left eye

left riMLF

Absent convergence

Involvement of convergence center situated

at the tectum-pretectum level

Involvement of right MLF at the level of

ophthalmoplegia (INO)

rostral midbrain (as suggested by absent
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Right internuclear

convergence) and involving the adjacent
paramedian tracts to and from the flocculus
(as suggested by the gaze evoked
nystagmus).6

Bilateral eyelid retraction

Disinhibition of CCN from inhibitory
impulse coming from nPC

Fixed dilated pupil in right eye

Involvement of right EWN
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