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Introduction

Multiple sclerosis (MS) is an autoimmune demyelinating central nervous system pathology that can produce various symptoms, among which ocular dysfunctions have been frequently described, going from the most frequent internuclear ophthalmoplegia to the less reported "one and a half syndrome". Holding gaze failure is a rare symptom that has been described in few case studies, usually related to ischemic events. However, this entity has never been diagnosed in the context of MS. We hereby present a case of horizontal gaze holding defect as an initial feature of MS and discuss the anatomical structures implicated in gaze holding.

Case report

A 23-year-old man, previously healthy, sought medical attention for a one-week history of what he called "trouble holding my vision in an eccentric position". This trouble started abruptly one week prior to consultation, kept on worsening since then, and was associated with unsteadiness. His neurological exam revealed an impairment of conjugate horizontal gaze to both sides, characterized by impairment of horizontal smooth pursuit to both sides and a strong horizontal gaze-evoked nystagmus (GEN) in both eyes noticed in right and left lateral gaze (i.e., right and left beating nystagmus upon right and left horizontal gaze, respectively) (video 1). In addition, vertical gaze examination unveiled a downbeat GEN only noticed in downward gaze. Saccades examination did not reveal any adduction lag in both eyes. Eyes movements did not show any convergence abnormality; in addition, hypometria or hypermetria were not noticed. In their parking position, patient's eyes were stable, and his visual acuity was not affected. Motor, sensory, and cerebellar functions were normal. Despite the normality of gait, the patient mentioned a discrete tendency to fall to lateral sides.

Brain MRI revealed two small T2-weighted hyperintense lesions. The first one was located at the lower part of the pontine tegmentum and showed contrast enhancement on T1-weighted gadolinium sequence (figure 1a-c); the second one was situated at the left upper part of the medulla oblongata, with no contrast enhancement (figure 1d). Spinal MRI demonstrated a T2-weighted hyperintense lesion at T7-T8 level with no contrast enhancement on T1weighted gadolinium sequences.

Cerebrospinal fluid (CSF) test revealed the presence of oligoclonal bands; the remaining laboratory tests (blood and CSF tests) including screening for viral illnesses, vitamin deficiencies, systemic and autoimmune diseases were negative. Screening for the presence of anti-aquaporin 4 and anti-myelin oligodendrocyte glycoprotein (anti-MOG) antibodies was not performed since patient's lesions were not suggestive of neuromyelitis optic spectrum diseases or anti-MOG syndromes.

A 5-day course of intravenous methylprednisolone (1000mg/day) was started resulting in partial improvement of gaze and impression of unsteadiness, followed by a full recovery one month later. One year following this episode, brain MRI was repeated and depicted new asymptomatic supratentorial T2 lesions (figure 2). The diagnosis of MS was set according to 2010 McDonald criteria and the patient was put on beta-interferon.

Discussion

This case illustrates a rare presentation of MS, and gives insights on the complicated, yet highly important circuits involved in gaze holding.

At a first glance, this disorder could hint towards a bilateral internuclear ophthalmoplegia (INO). However, in addition to the location of the lesion that does not seem to involve the medial longitudinal fasciculi (MLF), adduction lag was not observed upon saccades examination and the horizontal nystagmus was particularly severe and more important that what could be expected with and seems to be disproportionate to the contribution of INO.

Hence, the patient's complaints could not be explained by an impairment of MLF and appears to be mostly related to the alteration of other structures. Such a finding gives some insight on the role of horizontal gaze holders in the horizontal gaze process and the implication of such holders in the current clinical presentation.

To start, our patient presents an impairment of the conjugate lateral gaze observed while looking to both sides. This impairment was characterized by a difficulty in horizontal pursuit, an unsteadiness of the eyes in lateral eccentric position and an intense horizontal GEN.

Failure of horizontal gaze holding ability was related to a tiny brainstem lesion on MRI. These data could hint towards a dysfunction of a particular brainstem structure: the nucleus prepositus hypoglossi (NPH). The latter is located at the dorsomedial aspect of the bulbopontine junction, is supposed to be the horizontal gaze integrator, and helps in maintaining the eyes steady in lateral eccentric positions [START_REF] Mccrea | Nucleus prepositus[END_REF]. NPH is situated in the vicinity of and is closely connected with the vestibular nuclei (VN), which makes it part of the optokinetic pathway and an important regulator in the vestibulo-cerebello-ocular motor loop [START_REF] Kim | Nucleus prepositus hypoglossi lesions produce a unique ocular motor syndrome[END_REF]. Moreover, NPH is surrounded by other key structures, like the MLF (medially) and the abducens nucleus (laterally) (figure 1e).

Since NPH is a small nucleus, outcomes resulting from an isolated lesion of this structure have been mainly described in experimental animal studies and few case reports. For instance, cats and monkeys with briefly or permanent damage of NPH were not able to hold their gaze in an eccentric position and showed a continuous drift of the eyes back towards the neutral position [START_REF] Cannon | Loss of the neural integrator of the oculomotor system from brain stem lesions in monkey[END_REF]. Observations made in humans have included subjects with ischemic lesions limited to NPH. The resulting symptoms have essentially included acute vertigo, gait unsteadiness and holding gaze difficulties [START_REF] Kim | Nucleus prepositus hypoglossi lesions produce a unique ocular motor syndrome[END_REF]. Since NPH is part of the optokinetic pathway, its damage would result in the disruption of extensive connections between this nucleus and VN leading to unsteadiness and/or falling; the latter being typically contralateral to the lesion.

As for ocular manifestations, NPH unilateral lesion was found to have unique presentation including ipsilesional beating spontaneous nystagmus, asymmetrical horizontal GEN with stronger expression on ipsilesional direction gaze and moderate impaired smooth pursuit [START_REF] Kim | Nucleus prepositus hypoglossi lesions produce a unique ocular motor syndrome[END_REF].

Based on these data, the clinical triad of contralateral unsteadiness/fall, ipsilesional GEN and defect in maintaining horizontal gaze in steady position could be suggestive of NPH lesion.

Our patient had unsteadiness with tendency to fall to both sides, bilateral horizontal GEN and unstable horizontal pursuit, suggesting a bilateral NPH damage.

In addition to the horizontal gaze findings, vertical gaze was partially impaired and strong downbeat GEN was only relevant in the vertical downward gaze. Such an observation could give some insight on the anatomical structures of vertical gaze holders and their implication in the present clinical signs.

To explain this finding, one should revisit some barely known neurons, dispersed within and around the MLF: the paramedian tract neurons (PMT) (figure 1e). Along with other midbrain components (i.e., the interstitial nucleus of Cajal), PMT seem to play a role in neural integration of vertical eyes movements [START_REF] Moschovakis | The neural integrators of the mammalian saccadic system[END_REF]. Even though PMT are anatomically divided into caudal and rostral pontine groups, some confusion still exists on how these groups control upward and downward gaze.

Instructive findings come from a case of downbeat nystagmus secondary to a pontomedullary lesion; it suggests that upward gaze is controlled by PMT as well as ventral tegmental tract, whereas downward gaze exclusively involves PMT [START_REF] Wagner | Downbeat nystagmus caused by a paramedian ponto-medullary lesion[END_REF]. Therefore, tiny lesions limited to PMT and sparing the ventral tegmental tract, would remove the control of PMT. This would result in a difficulty in holding the downward gaze, and thus lead to downbeat nystagmus. The spared ventral tegmental tract would ensure the upward eyes movements and avoid the occurrence of an upbeat nystagmus. This would explain the downbeat GEN observed in our patient. A video featuring the partial bilateral paresis, severe horizontal gaze-evoked nystagmus (GEN), unstable horizontal pursuit and vertical GEN (noticed upon downward gaze).
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Figure 1 .

 1 Figure 1.(a-c) T1-weighted imaging revealing a gadolinium enhancement involving the dorsomedial tegmentum of the pons at the ponto-medullary junction, reflecting bilateral medial longitudinal fasciculus (MLF) lesion.(d) T2-weighted imaging revealing a second lesion situated at the left upper part of the medulla oblongata.(e) Illustration of the main structures implicated in eyes movement and gaze holding. NPH: Nucleus Prepositus Hyoglossi, MVN: Medial Vestibular Nucleus, PMT: paramedian tract.

Figure 2 .

 2 Figure 2. (a) T2-weighted imaging revealing a left periventricular lesion (b) T2-weighted imaging showing lesions involving the right internal capsule Video 1.
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