Vestibular Pathophysiology and Nystagmus
Vestibular system includes labyrinth of the inner ear, vestibular division of CN 8, and brainstem.  
Its connections to the thalamus/cortex tell us which way is up.  Connections to CN 3, 4, and 6 help 
keep our vision steady while moving.  This is the vestibulo-ocular reflex (VOR).
The 3 semicircular canals (horizontal, anterior, posterior) make the angular vestibulo-ocular reflex (aVOR).  The 2 otolith organs (saccule, utricle) make the linear vestibulo-ocular reflex.
The horizontal canals are almost parallel to the floor.  Turning the head to the side stimulates horizontal 
canals.  Bending forward stimulates anterior canals.  Bending backward stimulates posterior canals.
The nucleus for CN 8 is at the ponto-medullary junction.  They dip down a little into the medulla 
and can be damaged in a lateral medullary (Wallenberg) syndrome.
The Normal aVOR
The aVOR allows the eyeballs to roll exactly opposite the direction of the head in a 1:1 ratio (“gain”) 
for vertical and horizontal movements.  For torsional eye movements, gain is much less than 1:1.
**Moving the head toward a semicircular canal turns it on!  This is because the viscous endolymph 
lags when moving the head, bending hair fibers and causing firing.

At rest, firing is tonic.  The rate increases when turning toward the canal, and decreases when turning 
away.  This stimulates the eye to move in the plane of the canal, in the exact opposite direction.  
This asymmetry is also interpreted as a head rotation, so a lesion in the 8th nerve causing 
asymmetry will lead to vertigo.
Vertigo is the sense of rotation in the vestibular system while all other senses (vision, proprioception) 
say there is no rotation happening.  Feels awful.

Nystagmus
Nystagmus is caused by lesion-related asymmetry in the vestibular system (may be in labyrinth, CN 8, 
vestibular nuclei, or cerebellum).

The slow phase is pathologic, while the fast phase is a normal reset mechanism by the cerebrum to 
try to keep the eyes from getting too far off course.  Thus, saccades do not come from the VOR, 
but from the cerebrum.  If the cerebrum is shut down, as in coma, and nystagmus is stimulated 
with the caloric test, the eyes move in a slow phase and just stay there without beating.
The direction of the nystagmus is named for the direction of the fast phase.
Acute Peripheral Vestibulopathy (APV)
APV is also called labyrinthitis.  It is characterized by severe vertigo, nystagmus, nausea, unsteady gait.
It is caused by damage to the vestibular nerve or labyrinth which takes out the tonic firing on one side.  
This asymmetry is interpreted incorrectly as the head turning away from the lesioned side.
**Horizontal nystagmus is profound.  Torsional nystagmus is present but very limited.  Vertical nystagmus 
is completely absent (since anterior and posterior canals are both damaged, so the effects cancel out).

**The slow phase goes toward the lesion, since the brain thinks the head is turning away from the lesion.

Since nystagmus is named for the fast phase, a left-beat nystagmus implies a right-side lesion!
APV nystagmus is characterized by Alexander’s Law:

--Unidirectional (“direction-fixed”) nystagmus


--Best when looking in direction of slow phase


--Worst when looking in direction of fast phase


--Lesion is opposite the side of the fast phase
(Raymond removed a diagram showing the nystagmus intensities in Alexander’s Law.)
Cerebellar Degeneration
Characterized by nystagmus, unsteady gait, and tremor.  No vertigo (because no vestibular asymmetry)!
Often due to idiopathic loss of Purkinje cells.
If due to a cerebellar stroke, the damage may be asymmetric, and nystagmus may look like a cross 
between APV and cerebellar types.

Cerebellar degeneration nystagmus is gaze-evoked, bi-directional, and worse in eccentric positions.

This is because turning the eyes involves force calibration by the cerebellum.  This force fights the 
periorbital tissues that try to return the eyeballs to center.  With cerebellar degeneration, the 
force is unsufficient to overcome the elastic tissues, and it has to keep snapping the eyes outward.
Whereas APV nystagmus is constant and uni-directional, cerebellar degeneration nystagmus is only 
gaze-evoked, with fast outward phases.
Gaze-evoked nystagmus can also arise from lesions to the gaze-holding center in the medulla, as in 
lateral medullary (Wallenberg) syndrome.
(Raymond removed an image summarizing the direction of nystagmus in gaze-evoked nystagums, APV, and cerebellar nystagmus.)
Benign Paroxysmal Positional Vertigo  (BPPV)
BPPV is characterized by brief, episodic vertigo and nausea triggered by specific head movements.

Caused by otolith crystals trapped in a semicircular canal (almost always the posterior canal, since it 

has a dependent loop).  So tilting the head backward usually causes brief vertigo and nystagmus.
**The Dix-Hallpike Maneuver tests for posterior canal BPPV.  The nystagmus is vertical/torsional, 
upbeat-geotropic (toward the ground), and stops in seconds.
The posterior canal combines the coronal and sagittal planes.  The sagittal vector causes the vertical 
nystagmus.  The coronal vector causes the torsional nystagmus.
The Dix-Hallpike Maneuver causes a slow phase toward the chin (via the VOR), but then a fast phase 
jerks the eyes upward.  Since “upward” is actually toward the ground while in the D-H position, 
this is called “upbeat-geotropic.”  
(Raymond removed an image of the semicircular canals.)


















