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Abstract:

Traumatic Brain Injury (TBI) frequently presents with neuro-
ophthalmological manifestations, among which nystagmus serves as a
dynamic and often underappreciated clinical sign. The direction (or side)
of nystagmus—especially in the acute phase—can offer critical clues about
the localization, nature, and extent of both central and peripheral
vestibular dysfunctions. This article explores the laterality of
nystagmus within the complex neuroanatomical landscape affected by TBI
and evaluates how this sign can help differentiate between brainstem,
cerebellar, and peripheral injuries.

Keywords: Traumatic Brain Injury (TBI), Nystagmus, Laterality, Vestibulo-ocular Reflex (VOR), Brainstem Injury,
Cerebellar Dysfunction, Oculomotor Pathways, Neuroanatomy, Vestibular System, Horizontal Nystagmus, Vertical
Nystagmus, Diagnostic Imaging, Neurological Localization, Cranial Nerve Involvement, Skew Deviation, Ocular
Motor Dysfunction, Diffusion Tensor Imaging (DTI), Neurovestibular Assessment, Cortical Eye Fields, Trauma-

Article history:
Received: April 10% 2025
Accepted: May 8" 2025

related Dizziness

INTRODUCTION

The human vestibulo-ocular system is a highly
integrated, finely tuned network responsible for
maintaining gaze stability during head movement.
Disruption of this system following traumatic brain
injury can produce nystagmus, which is not just a
symptom, but a window into the disrupted neural
circuitry.

From an anatomical perspective, nystagmus results
from an asymmetric input to the ocular motor nuclei
from either the labyrinthine apparatus or central
vestibular pathways. Determining the side of the
nystagmus thus depends on understanding where this
asymmetry originates—whether in the peripheral
vestibular end-organs, the brainstem, or the
cerebellum.

PATHOPHYSIOLOGICAL BASIS OF NYSTAGMUS
LATERALITY

1. Peripheral Vestibular Nystagmus

In cases where the labyrinth, vestibular nerve, or
Scarpa’s ganglion is injured—often through
temporal bone fractures, barotrauma, or
labyrinthine concussion—the imbalance of tonic

activity between the two vestibular nuclei results in
horizontal nystagmus.

Clinical Pattern:

o The fast phase of nystagmus is directed away
from the side of lesion.

o The slow phase reflects the impaired input
from the damaged vestibular organ.

o Suppression of nystagmus by visual fixation
is typical.

o Associated symptoms: vertigo, hearing loss,
tinnitus.

Example: A traumatic lesion to the right labyrinth leads
to left-beating horizontal nystagmus. This is due
to unopposed excitatory input from the intact left
vestibular nucleus.

2. Central Vestibular Nystagmus

When the trauma involves brainstem structures,
vestibular nuclei, or the flocculonodular lobe of
the cerebellum, nystagmus becomes more complex and
non-localizing. It may arise from:

. Shearing injuries of the brainstem in diffuse
axonal injury (DAI)

. Contusions involving the cerebellar peduncles
or posterior fossa

o Hemorrhages affecting the vestibular nuclei
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Clinical Pattern:

. May be vertical, purely torsional, or
direction-changing horizontal.

. Does not suppress with visual fixation.

o Often associated with diplopia, truncal

ataxia, dysarthria.

NEUROANATOMICAL CORRELATES
Anatomical Structure

Labyrinth / Vestibular Nerve barotrauma

Vestibular Nuclei (Pons)

Cerebellum (Flocculus, Nodulus)

Medial Longitudinal Fasciculus (MLF) Axonal injury in midbrain/pons

DIAGNOSTIC IMPLICATIONS

Nystagmus provides a non-invasive, bedside-
accessible sign with significant localization value
when interpreted correctly:

Key Bedside Observations:

o Direction of fast phase

o Effect of gaze direction

o Suppression with fixation

o Associated otologic or cerebellar signs
Additional Diagnostics:

o Video-oculography: quantifies nystagmus
direction and velocity

o Caloric testing: detects peripheral asymmetry
o MRI: gold standard for detecting central
lesions, including DAI

o Audiometry: assesses coexisting cochlear
damage

Clinical Scenarios and Application

1. Mild TBI with vertigo and unilateral
horizontal nystagmus
— Likely peripheral vestibular injury
— Nystagmus beats away from the lesion

2. Severe TBI with vertical or direction-
changing nystagmus, dysarthria, and truncal
ataxia

— Suggests central brainstem or cerebellar
involvement

3. Post-concussive syndrome with subtle
bidirectional gaze-evoked nystagmus
— May indicate persistent central vestibular
dysfunction

CONCLUSION

Nystagmus in the setting of TBI is not merely an
epiphenomenon—it  reflects the asymmetric
dysfunction of vestibulo-ocular networks and
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o No reliable correlation between nystagmus
side and lesion side.
Example: A lesion in the right cerebellar hemisphere
may cause downbeat nystagmus, or even gaze-
evoked bidirectional nystagmus, depending on the
extent of involvement.

Nystagmus Features

fracture, Unidirectional horizontal, fast phase away

from lesion

Horizontal or torsional, direction-changing,
central signs

Downbeat or gaze-evoked nystagmus

Internuclear ophthalmoplegia,
dissociated nystagmus

carries clinically relevant localization information,
especially when evaluating the laterality of peripheral
lesions. While peripheral nystagmus reliably beats
away from the lesion, central nystagmus patterns
are often more complex, requiring integration with
imaging and neurologic examination. A nuanced
understanding of these patterns aids in diagnosis,
management, and even prognostication of TBI
patients.
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