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Abstract
We report a patient presenting with unique neuroophthalmological features of contraversive
ocular tilt reaction and concomitant contralesional pseudo-abducens palsy. Magnetic resonance
imaging confirmed the presence of an acute infarct in the right thalamomesencephalic region.
We discuss the clinical topography of these unique neuroophthalmological findings.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

The nucleus prepositus hypoglossi and medial vestibular nuclei located at the caudal
pons and dorsal rostral medulla facilitate neural integration for horizontal gaze holding [1, 2].
Similarly, the interstitial nucleus of Cajal (INC) located at the rostral midbrain caudal to the
rostral interstitial nucleus of the medial longitudinal fasciculus (riMLF) is the primary neural
center for the integration (gaze holding) of vertical saccadic and torsional conjugate eye
movements and eye-head coordination [1, 2].

Both riMLF and INC project – via the posterior commissure – to the contralateral
trochlear nucleus and oculomotor neuron subnuclei for elevation, as well as to their
contralateral riMLF and INC. The riMLF harbors most of the excitatory burst neurons for
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vertical saccades and projects bilaterally to the oculomotor subnuclei for eye elevation but
only unilaterally to the nuclei for eye depression (superior oblique nucleus, trochlear nucleus)
and inferior rectus subnucleus (oculomotor nucleus). Clinically, an INC lesion may be
suspected only by the presence of a vertical and rotatory nystagmus of the ipsilateral eye
[2]. Besides the INC, cerebellum and several cerebral cortical areas (parietal, occipital, and
temporal lobes) also contribute to ocular motor integration [3, 4].

We describe the clinico-neuroradiological correlation of a patient with a right paramedian
thalamomesencephalic lesion affecting the ipsilateral INC presenting with a contralateral
head tilt and concomitant contralesional pseudo-abducens palsy, which is a unique neuro-
ophthalmological association. The CARE Checklist has been completed by the authors for this
case report, attached as online supplementary material (for all online suppl. material, see
https://doi.org/10.1159/000531085).

Case Presentation

A 56-year-old man presented with a 4-day history of sudden-onset binocular diplopia,
vertigo, and tendency to fall to the left side. He had a history of untreated hypertension and
smoked for several years when he was young. He was on warfarin as a treatment for atrial
fibrillation but was not compliant to his therapy. On admission, neurological examination
showed an alert patient with intact cognitive functions. The oculomotor disturbances
described below were observed. There was no motor or sensory deficit. There was no
dysmetria or diadochokinesis. He was unable to sit straight and fell toward the left without
support. He was able to walk with minimal support but swayed toward the left. General
examination revealed an afebrile patient with a blood pressure of 141/89 mm Hg, a regular
pulse rate of 82/min, and oxygen saturation of 99%. No bruits were heard over the arteries,
and findings on cardiopulmonary examination were normal.

Neuroophthalmological examination revealed visual acuity 6/6 bilaterally and intact
visual fields on confrontation. There was a head tilt toward the left (shown in Fig. 1). Pupillary
responses were symmetric and reactive to light. Skew deviation with right-eye hypertropia
and the left-eye abducted and down was noted on primary gaze straight ahead (Fig. 1) with
rotatory nystagmus toward the left (clockwise torsion of both eyes). Horizontal voluntary
saccades and smooth pursuit were preserved, but there was limited abduction of the left eye.
Vertical saccades were slowed, downward more than upward, and vertical oculomotor range
was limited (upward and downward about 15 deg), but vertical vestibulo-ocular reflex
elicited a full range of vertical eyemovements. Vertical pursuit wasmoderately saccadic, more
for downward than upward pursuit.

Oculocephalic movements in the vertical plane were absent and Bell’s phenomenon was
bilaterally absent. There was limited abduction of the left eye on horizontal gaze (pseudo-
abducens palsy). Convergence was diminished. Lid movements appeared normal. Optokinetic
stimuli elicited no horizontal or vertical movements.

Laboratory investigation showed mild normocytic normochromic anemia, elevated
glucose (18.83 mmol/L) and creatinine at 217 mmol/L. The international normalized ratio
was 1.6 (subtherapeutic). Electrocardiogram showed atrial fibrillation with a ventricular
response at 82/min.

Brain MRI, as seen on T2WI, FLAIR, and DWI, revealed a small paramedian infarct in the
right side of the thalamus and rostral midbrain (shown in Fig. 2). On serial imaging, there was
evidence of an old pontine infarct. MRA of intracranial vessels revealed a stenotic lesion
distally in the left posterior cerebral artery (PCA) and narrowed right P2 segment.
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Transthoracic echocardiography showed an ejection fraction of 50% with no significant
changes. No cardiac masses or thrombi were observed. Because of difficulties in antico-
agulation monitoring, he was started on aspirin. Antiplatelet therapy was started.

Discussion

The triad of ocular torsion, skew deviation, and head tilt is known as the ocular tilt
reaction (OTR) [5]. OTR may originate from lesions anywhere along the otolith-ocular
pathway, including the labyrinth, vestibular nerve, medial longitudinal fasciculus (MLF),
pons, and midbrain.

Skew deviation is a vertical misalignment of the eyes resulting from an imbalance in tonic
signals within the otolith-ocular reflex pathways. Patients with a skew deviation complain of
binocular vertical diplopia and associated cyclorotation of both eyes with an impression of
visual vertical tilt. Complete OTR indicates a unilateral deficit of otolith input or a unilateral
lesion in the graviceptive projections – located in the MLF – from the vestibular nuclei to the
contralateral INC and riMLF and ultimately arriving in the posterolateral thalamus. The
projecting pathway crosses the midline at the pontomedullary level where the vestibular
nuclei are localized. Classically, two types of OTR have been described; the ipsiversive type

Fig. 1. Left OTR and skew deviation with right-eye hypertropia and the left-eye abducted and down on
primary gaze straight ahead.
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(ipsilateral eye lowermost, ocular torsion and head tilt toward the side of lesion) resulting
from unilateral peripheral or pontomedullary lesions involving the medial and/or superior
vestibular nuclei below the decussation; and, as in our case, the contraversive type (con-
tralateral eye lowermost, ocular torsion and head tilt away from the side of lesion) resulting
from unilateral pontomesencephalic brainstem lesions above the decussation, indicating the
involvement of the MLF or INC and riMLF. At the level of the pons and depending on the
location of the lesion below or above the decussation, OTR may be either ipsiversive or
contraversive [5–8]. Finally, an isolated INC lesion with OTR is contraversive, but a postero-
lateral thalamic lesion can be ipsiversive or contraversive presumably related to bilateral
vestibular input to the thalamus [9].

Perforating paramedian thalamic arteries arising from the proximal P1 peduncular
segment of the PCA supply the paramedian thalamus. These perforating branches also
provide blood supply to the riMLF and INC. In our case, the infarction was restricted to
the paramedian part of the right thalamus extending in the right rostral part of the midbrain.
The MRA showed an absent distal part of the left PCA and a narrowed P2 segment of the right
PCA which explained the infarction of the area corresponding to the paramedian thalamo-
mesencephalic artery.

Our patient was ataxic with gait deviation and falling (thalamic astasia) toward the
unaffected side during walking despite the lack of motor weakness or pyramidal tract signs. It
has been suggested that this balance disorder resulted from involvement of vestibular
projections to the INC [6, 10].

Since there was no simultaneous acute microvascular lesion in the contralateral pons,
affecting the abducens nerve or its fibers, the abduction deficit observed in our patient was
most likely due to pseudo-abducens palsy which is commonly associated with supranuclear
vertical gaze palsy [11–13]. These abduction deficits associated with upgaze palsy occur in
lesions involving [11, 14] the frontopontine horizontal gaze pathway situated adjacent to the
riMLF/INC and projecting to the abducens nucleus [15, 16]; the internuclear fibers from the
medial rectus oculomotor subnucleus to the contralateral abducens nucleus producing
contralesional abduction deficit [17]; and finally, in lesions affecting the inhibitory conver-
gence pathways traveling to the midbrain “near-response” neurons or injury to pathways or
neurons that compose the vergence integrator increased convergence activity [18]. The

a b

Fig. 2. Brain MRI. a Coronal T2-weighted image. b Diffusion-weighted image demonstrating the right
periventricular mesodiencephalic infarct.
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descending pathways for convergence travel through the paramedian thalamus and inhibit
the contralateral premotor vergence neurons in the midbrain. Subsequently, these neurons
project to the ipsilateral medial rectus oculomotor subnucleus. In our patient, the right-sided
thalamomesencephalic infarct affected this descending inhibitory pathway before decussa-
tion and is hence the only one which can account for a contralesional pseudo-abducens palsy.
The convergence neurons are located a few millimeters dorsolateral to the oculomotor
nucleus, and involvement of these neurons without involvement of the oculomotor nuclei as a
cause of abducens palsy is highly unlikely. Convergence spasm was reported in the literature
in retrospective studies, correlating the clinical findings of ocular deviation along with a CT
finding of thalamic hemorrhage [19, 20].

Conclusion

In conclusion, we presented with unique neuroophthalmological presentation consisting
of contralateral head tilt and a concomitant contralesional pseudo-abducens palsy right
paramedian thalamomesencephalic lesion caused by an ipsilateral INC lesion.
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