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Vestibular neuritis – sometimes called vestibular neuronitis or epidemic vertigo:
A sudden loss of vestibular function, without auditory (hearing) symptoms, in an otherwise healthy person. The distinguishing feature between vestibular neuritis and viral labyrinthitis is the absence of auditory symptoms with the former condition.


This is the one condition which is the most difficult to distinguish from classic Menière disease, and the diagnosis of vestibular neuritis is dependent on a unilateral or bilateral vestibular deficit. Although the strict criterion for a diagnosis of vestibular neuritis required total or subtotal loss of vestibular function, it was recognized that less vestibular hyposensitivity was possible in vestibular neuritis. Furthermore, some patients with a significant vestibular loss on the initial examination eventually recovered vestibular function on the follow-up examination.  


The original description of vestibular neuritis stated that it was an acute attack of vertigo plus loss of balance, without ear symptoms, which lasted many days and from which the patient took many days to weeks to recover fully. A horizontal-rotatory nystagmus was evident, and the fast phase of the nystagmus was away from the ear which had a reduced caloric response (however, the caloric test only measured the activity of the superior branch of the vestibular nerve). Vestibular neuritis was regarded as a once off attack of viral infection of the balance nerve (presumably both the superior and inferior branches of the nerve), but this concept soon had to be reviewed when it became apparent that attacks could recur, and the recurrent attacks may last much shorter (hours or minutes). To complicate matters even more, cases of bilateral vestibular neuritis have also been published, and some patients my also complain of tinnitus and fullness in the affected ear. An MRI examination of the temporal bone sometimes show enhancement of the nerve inside the internal auditory canal, and this has to be distinguished from a small intracanalicular acoustic neuroma. 

           In 1985 Schuknecht & Witt reported two clinical cases of bilateral sequential vestibular neuritis occurring in otherwise healthy persons, which caused moderately severe permanent disequilibrium that followed involvement of the second ear.  


In 2001 Halmagyi and co-workers described the clinical entity of inferior vestibular neuritis, which presented as acute vestibular neuritis with no reduction of caloric response, but with an absent VEMP (vestibular evoked myogenic potential) on the affected side, which confirmed pathology of the inferior branch of the vestibular nerve.

         The publication of Arbusow et al described the involvement of the vestibular nucleus during viral vestibular neuritis.  

In September 2001 Arbusow et al published in Audiology & Neuro-Otology: “HSV-1 not only in human vestibular ganglia but also in the vestibular labyrinth”. 
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Fig.1. After primary infection (stomatitis herpetica) HSV-1 ascends to the geniculate ganglion (GG) via the chorda tympani**, and via the faciovestibular anastomosis to the vestibular Ganglion (VG). Viral migration to the vestibular nuclei (VNc) and the human labyrinth is possible along the vestibular nerve.  aSC, hSC, pSC = Anterior, horizontal, and posterior semicircular canals; cc = commissural connections.  
Arbusow, Theil, Strupp, Mascolo & Brandt: Audiology & Neuro-Otology 6:259-62, 2001.

Abstract: “ Reactivation of herpes simplex virus type 1 (HSV-1) in the vestibular ganglion is the suspected cause of vestibular neuritis. Recent studies reported the presence of HSV-1 DNA not only in human vestibular ganglia, but also in vestibular nuclei, a finding that indicates the possibility of viral migration to the human vestibular labyrinth. Distribution of HSV-1 DNA was determined in geniculate ganglia, Vestibular ganglia, semicircular canals, and macula organs of 21 randomly obtained human temporal bones by nested PCR (i.e. the patients died from causes not related to cranial nerve dysfunction, and other viral infections were excluded).  Viral DNA was detected in 48% of the labyrinths, 62% of the Vestibular ganglia, and 57% of the geniculate ganglia.  The potential significance of this finding is twofold: (1) Inflammation in vestibular neuritis could also involve the labyrinth and thereby cause acute unilateral vestibular deafferentation. (2) as benign paroxysmal positional vertigo often occurs in patients who have had vestibular neuritis, it could also be a sequel of viral labyrinthitis.”

          The authors stated that this was the first demonstration of HSV-1 DNA in the human semicircular canals and otolith organs.  The authors suggested that horizontal rotatory nystagmus (to the non-affected ear) seen in acute vestibular neuritis may be caused not only by viral inflammation of the superior vestibular nerve, but also a sequel of viral inflammation of the peripheral labyrinth. They also hypothesized that this inflammation of the labyrinth could cause loosening of the otoconia leading to the canalolithiasis and benign paroxysmal positional vertigo.  These suggestions may lead to using a term such as vestibulo-neuro-labyrinthitis for the clinical symptom complex currently described as vestibular neuritis. They continue: The next logical step is to determine the exact cellular location of HSV-1 in the human vestibular system by using in situ PCR (polymerase chain reaction) methods that amplify viral DNA and RNA.       

** The chorda tympani nerve is the nerve of taste for the front two thirds of the tongue.
             (Gacek suggested that the portal of entry of the virus may be over the greater superficial

          petrosal nerve). 

Gacek & Gacek:  Anterograde virus strain (hearing preserved)

      Superior vestibular ganglionitis  (vestibular neuritis, vestibular Menière

                                                                                                        disease)

      Inferior vestibular ganglionitis (BPV = benign positional vertigo)

      Superior and inferior vestibular ganglionitis  (vestibular neuritis and BPV)
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Fig. 12. Schematic of anterograde virus flow after reactivation in the VG. This direc-
tion of virus flow avoids hearing loss but may account for passage of virus to second-order
neurons in the vestibular nuclei. U = Utricle; S = saccule; RW = round window.
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The association of brain-stem encephalitis with epidemic vertigo was pointed out by Pedersen (1959) and Moller (1956). 
In 2005 a case history was published of a patient in whom vestibular neuronitis caused by HSV-1 had progressed to ipsilateral temporal lobe encephalitis (Philpot SJ, Archer JS: J Clin Neurosci 12:958-9, 2005).   

If a viral cause for Menière disease is accepted, recurring vestibular neuritis can be exactly the same as the vestibular form of Menière disease. 

 Viral Neuropathies in the Temporal Bone

Gacek RR & MR
Boston. USA  

                                  Advances in Oto-Rhino-Laryngology - Vol 60 -   Karger --   2002

Chapter 4 
Vestibular Neuritis: A Viral Neuropathy


Vestibular neurionitis or neuritis has long been regarded as an inflammatory lesion of the vestibular nerve responsible for recurrent vertigo without hearing loss.

The clinical picture described by Nylen (1924), Dix and Hallpike 1952), Lumio and Aho (1964), Aschan and Stahle (1956), Hart (1965), M. Harrison (1962), Merifield (1965), Pedersen (1959), Coats (1969), and Clemis & Becker (1973) was a sudden onset of acute vertigo, without auditory symptoms, with resolution over days. In many patients, an upper respiratory illness or infestion (sinusitis) preceded the appearance of vertigo, and affected patients often appeared in clusters during a season with a high incidence of respiratory illness.  The association with sinusitis was so strong  that  Coats (1969)  identified a subset of patients with vestibular symptoms and sinusitis.  Viral antibody titers  were also elevated  in vestibular neuritis,  and it was appreciated that recurrent vertigo could have a shorter (hours or minutes) in some patients (Shimuzu et al - 1993)..     

The clinical feature differentiating vestibular neuritis from Menière's disease is the absence of hearing loss, and the diagnosis of vestibular neuritis is dependent on a unilateral or bilateral  vestibular deficit. Although the strict criterion for a diagnosis of vestibular neuritis required total or subtotal loss of vestibular function, it was recognized that less vestibular hyposensitivity was possible in vestibular neuritis. Furthermore, some patients with a significant vestibular loss on the initial examination eventually recovered vestibular function on the follow-up evaluation.  

Several temporal bone reports have described total or subtotal degeneration of the vestibular nerve in VN (Schuknecht & Kitumura -1981, Nadol -1995, Baloh et al - 1996). The auitory sense organ and neurons were normal or near normal. Description of fibrosis in the perilymphatic spac surrounding the ampullary ends of the semicircular canals supported  an inflammatory nature of the lesion (Schuknecht et al - 1981).Enhancement of the vestibular nerve in the internal auditory canal with contrast-enhanced MRI has been reported inpatients with vestibular neuritis (Fenton et al - 1995). Such enhancement may have been interpreted as vestibular schwannoma in the pasr. However, follow-up imaging of the enhancing portion of the vestibular nerve demonstrated  resolution in other patients. 

Estimation of vestibular nerve degeneration in patients with vestibular neuritis, Menière's disease, benign paroxysmal positional vertigo, and other recurrent vestibulopathies was reported in a series of 51 temporal bones wirh with an axonal degeneration pattern of bundles of fibers in the vestibular nerve trunk (Gacek -1999). Clusters of degenerated ganglion cells were seen in some of the vestibular ganglia. The meatal ganglion of the facial nerve adjacent to the vestibular nerve contained degenerating ganglion cells in almost all of the tempotral bones.  Measurement of the axonal degeneration  was based on a point-counting technique which strictly measure focal areas of degenerating fibers and therefore underestomated  the extent of pathology since smaller fasicles  and individual fibers  were overlooked with this technique of measurement. The control that such meatal ganglion of the facial nerve, and vestibular nerve degeneration  was not related to age, sex, artifact in the temporal bone acquisition, or labyrinthine disease was provided by 24 temporal bones that were matched for age, sex and presence of other labyrinthine disease. These temporal bones did not show focal axonal degeneration  in the vestibular nerve  nor degenerated ganglion cells in the meatal ganglion of the facial nerve.

The view that vestibular neuritis only presents as a single attack of vertigo is probably too restrictive.  Frequently vestibular neuritis can manifest itself as recurring attacks of vertigo without hearing loss occurring any time in adult life and usually prceded by a stressful event such as sinusitis , upper respiratory tract infection, or idiopathic facial paralysis (Schuknecht et al - 1981). Although hearing loss is usually not part of this clinical picture, some patients complain of tinnitus and fullness in the affected ear. A decreased vestibular response  (>25% -  when using the - Jongkees formula) at some point in the patient's evaluation is necessary to identify the affected ear.**     

** HH: Dr Gacek refers to the measurement by means of the caloric test, which measure the superior vestibular nerve. Nowadays the Vemp test is available to assess the inferior vestibular nerve.

Discussion 

The morphologic changes in 20 temporal bones consisted of degenerated ganglion cells in the meatal ganglion (of the facial nerve) and focal axonal degeneration in the vestibular nerve and vestibular ganglion. Except for one temporal bone (case 10) with extensive vestibular degeneration, the pattern of focal degeneration in the vestibular nerve epresents projections from clusters of ganglion cells in the vestibular ganglion.  Focal axonal degeneration had been described in geniculate zoster by Denny-Brown et al (1949). Degenerated ganglion cells surrounded by normal ones in the meatal ganglion (of the facial nerve) are explainewd by a pathology specific for  neurons. Ischemic injury is not cell spedific enough to preserve adjacent neurons. In none of the temporal bones were degenerated ganglion cells found in the geniculate ganglion (facial nerve). The absence of degenerated cells or axons in the facial andvestibular nerves in the control group of temporal bones supports the conclusion that these changes are not age, sex or peripheral pathology related.  Furthermore, in the temporal bones with extensive degeneration of vestibular nerve branches (case 10), the vestibular ganglion contained histologic changes similar to those described in animal models of herpetic ganglionitis.  Increased numbers of satellite and inflammatory cells surround intact and degenerated ganglion cells.  The basophulic stained ground substance between ganglion cella may be similar to plaque formation produced by viruses.


It is not surprising to see enhancement of the vestibular ganglion on MRI where pooling of contrast material in the vasculature of an inflamed ganglion creates a localized enhancement [Fenton et al - 1995  = Atypical vestibular neuritis  - Otol H&N Surgery 1995--112:738-741;  Gacek & Gacek - The three faces of vestibular ganglionitis - Annals Feb 2002;111:-103-114]. 
The association of vertigo with the development of vestibular neuritis, Meniėre's disease or benign paroxysmal positional vertigo following idiopathoc facial paralysis may be based on the proximity of the vestibular ganglion to the meatal ganglion (of the facial nerve) - [Gace - On the duality of the facial nerve ganglion - Laryngoscope 1998;108:1077-1086]:  This proximity and, in some temporal bones, the contiguity of the meatal ganglion (facial) nerve) and vestibular ganglion may be responsible for virus spread from the meatal ganglion (facial) to the vestibular nerve earlier in life when latency is established.

Reactivation of latent virus in the meatal ganglion (V!!) andf adjacent vestibular ganglion acquired early in life is an expected sequela of neurotropic viruses (i.e. herpes simplex virus, HSV) which have the ability to travel bidirectionally in sensory ganglion cells  (Meier et al,  Comparative biology oif latent varicella zoster virus and herpes simplex virus iInfections  J Infect Dis. Suppl .1992;166:S13-S23].  Since this flow is strain dependent {21-23] flow toward the brain stem accounts for the absence of hearing loss and occasional central signs in vestibular neuritis [24]. The demonstration of HSV nucleic acids in a large proportion of human geniculateganglia and vestibular ganglia provides molecular evidence of a reactived HSV infection of the vestibular nerve [25]. If the HSV strain follows anterograde flow in the vestibular nerve (toward the brain), hearing is preserved (fig. 12). Such anterograde flow carry viral products transsynaptically to second-order neurons in the brainstem.  Central nervous system signs have been described in patients with vestibular neuritis [24]. Arbusow et al [26] have demonstrated HSV-1 bilaterally in the tempopral bones and brainstems of five patients.

Gacek & Gacek:  Anterograde virus strain (hearing preserved)

      Superior vestibular ganglionitis  (vestibular neuritis, vestibular Menière

                                                                                                        disease)

      Inferior vestibular ganglionitis (BPV = benign positional vertigo)

      Superior and inferior vestibular ganglionitis  (vestibular neuritis and BPV)
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Fig. 12. Schematic of anterograde virus flow after reactivation in the VG. This direc-
tion of virus flow avoids hearing loss but may account for passage of virus to second-order
neurons in the vestibular nuclei. U = Utricle; S = saccule; RW = round window.





Clinical findings in patients with vestibular neuritis are dependent on the amount and location of viral involvement of the vestibular ganglion. Infection of ganglion cells supplying the cristae is responsible for rotatiory vertigo while the neurons innervating  otolith sense organs (i.e. the utricular macula) will give rise to ataxia or drop attacks. It is not unusual for the level of vestibular sensitivity to change depending on virus activity [27 - Obayashi et al - 1993--Recovery of vestibular function after vestibular neuronitis. Acta Otolarybgol Suppl (Stockholm) 1993;503:31-34]. Therefore,  finding initially decreased vestibularresponse following caloric stimulation which recovers to a normal level following resolution of vestibular symptoms is not unexpected. When a sufficient of vestibular
ganglion cells have degenerated, especially in the superior vestibular division, decreased response can be recorded following caloric stimulation. In the present series there were four patients in whom caloric testing had been performed prior to death. A significantly decreased response  (none or decreased) was recorded in all four patients. Degeneration of he vestibular ganglion was estimated at 40% in 3 and 90% in 1 of these temporal bones. The 40% degeneration represents affected vestibular ganglion cells innervating the lateral and superior canal cristae which are located  adjacent to the meatal ganglion of the facial nerve.


In some patients with recurrent vertigo and normal hearing, vestibular examination (using electronystagmography) is normal because there is insufficient degeneration of vestibular neurons to produce a diminished response using present criteria of 25-30% reduced response (compared to the affected side).***  Perhaps the current criteria for defining a vestibular weakness should be reconsidered.  Differences of less than 25% in the vestibular response may reflect minimal vestibular ganglion degeneration.  Since it is possible with MRI to demonstrate an inflammatory process in the vestibular ganglion, neuroimaging should also be considered part of the vestibular examination.  
*** HH: This is when using the Jongkees formula - which is a percentage formula, i.e. the difference between left and right responses is expressed as a percentage of the combined responses of the two sides. Therefore it is only a comparison between the two sides, and it is expressed as a percentage --   and percentage formulas do not give real values.  This is a formula which has serious faults, e.g. if the responses are small on both sides - the two small responses (which indicate a possible bilateral pathology) are not indicated in the formula, and a small difference between the two responses are then much bigger when expressed as a percentage. 
 A better formula would be supplying the real response values, and let the examiner decide himself how much the difference between the two sides, i.e. slight, moderate, etc.

Caloric test:  Left response  ;; Right response  ;;.....


Examples: 



A.    Left response (cold + warm)  = 20 + 20 = 40
                             Right  response (cold + warm)=  10 +  10 = 20

                                           Result:  l : R :: 40 : 20  , i.e.½ = left is 50% of right.
                                       Jongkees formula = 33%
                        B:  Left response (cold + warm) =  20 + 20 = 40

                            Rifgt  response (cold + warm) = 5 + 5 = 10

                                      Result:  L : R ::40 : 10 ,   i.e.  ¼, =25%)

                                           Jongkees formula =  60%.....................!!
                     C:   Left  cold  = 10 warm = 10 =  total 20

                           Right cold = 5, warm = 5  - total = 10

                                 Resul  L:R ;; 20:10  =  ½ =50%

                                 Jongkees formula =  33%  - but does not indicate that both sides

                                       have low values (probably abnormal) and a comparison between two
                                      abnormal responses should rather not be expressed as a percentage

                                     difference.

                                In discussions with mathematicians, they stated that the value of any

                               comparison formula should be regarded with caution.  Formulas, especially

                              when expressed as percentages, are at the best  thumbsuck equations unless

                              the absolute values are supplied to illustrate the state of affairs..
Conclusion:
Degeneration of the vestibul ganglion initially in clusters of ganglion cells which may eventually lead to widespread ganglion cell loss by neurotropic  viral reactivation is similar to the axonal degeneration pattern typical of herpes zoster trigeminus.  

Molecular studies amplifying  Herpesw Simplex Virus DNA from vestibular nerves in human temporal bones support a viral etiology of vestinular Neuritis. 

The close association of the vestibular ganglion and the meatal ganglion of the facial nerve together with the frequency of degenerated neurons in these ganglia suggests that the portal of entry of the virus may be over the greater superficial petrosal nerve.
------------------------------------------------------------------------------------------------------------------------------
HH:  For detailed descriptions of the symptoms which can be caused by Herpes Simplex - 1 virus infections, also read:

Polyganglionitis Episodica (PGE)

and  Adour's chapter on: ENT Manifestations of Viral Infections (Epstein-Barr, HSV-1 and Vermicelli Zoster

---------------------------------------------------------------------------------------------------------------------------
Prof Brian McCabe

Ann Arbor, Michigan.
1985
…

..
In humans, a highly sophisticated mechanism for maintaining balance has developed, which is dependent upon visual, vestibular proprioceptive (from tendon and joint receptors) and superficial sensory information (e.g. contact between the soles of the feet and the floor). This is integrated in the central nervous system and is modulated by activity arising in the reticular formation, the extrapyramidal system, the cerebellum and the cortex.

Physiologically the vestibular labyrinth transduces mechanical energy into electrical activity (nerve action potentials), which is interpreted by the brain to allow conscious awareness of the position of the head and body in space, and enables reflex control of eye movement, posture and body motion.  The mechanical sensors are inside the bony labyrinth (inner ear). The cochlea is anterior and the semicircular canals posterior. The two join at the vestibule, which contains the utricle and saccule (the oval window is lateral to the structures). The sensors are inside a delicate tube containing endolymph, which has a high potassium value. Between the endolymphatic tube and the walls of the bony labyrinth another fluid, perilymph, circulates. The perilymphatic space is in continuity with the subarachnoid space and perilymph is practically the same as cerebrospinal (low potassium value). Leaking of the high potassium endolymph into the perilymph causes irritation of the nerve endings and results in vertigo attacks (as can happen in Menière’s disease). 

The mechanical sensors of the vestibular labyrinth are

· The utricle and saccule which contain flat sensory areas = the maculae (less than 1 square millimetre) overlayed by a gelatinous coat studded with calcium crystals, otoliths. The utricle is situated horizontally and the saccule vertically. The otoconia, under the influence of gravity, stimulate the hair cells of the maculae, i.e. positive or negative acceleration (e.g. going up in an elevator). They monitor linear acceleration.

· Three semicircular canals  (one horizontal and two vertical canals, at right angles to each other) in both temporal bones which are therefore arranged in the three dimensions space.  Each canal forms two-thirds of a circle, with a diameter of 6,5 mm and a cross-sectional


 diameter 0f 0,4 mm. The receptor organ of the semicircular canals 
(the crista ampullaris with valve like cupula on top) is situated in the

[image: image4.png]Lateral semicircular canal




Schematic drawing of the left inner ear: S = saccule, U = utricle

 dilated (ampulla) of each canal. The cupula, a gelatinous mass which extends from the surface of the crista to the ceiling on the ampulla, forms a watertight swing-door seal. The semicircular canal is sensitive to angular acceleration of the head (= rotation). Any movement of the head in which there is angular rotation causes a piling up of endolymph on one side of the cupulae of two or more of the semicircular canals (they are orthogonally paired structures) and the brain is signalled.
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The vestibular end-organs are dynamic structures in three ways

· They respond to linear and radial acceleration,

· They are not silent until stimulated, but constantly discharge a resting pattern of signals to the brain. Acceleration or a change in acceleration deviates the cupula or stimulates the utricle/saccule and produce a change in this pattern or signals to the brain.

· There are two sets of vestibular systems, left and right, constantly signalling. A difference in the signal pattern between them is produced by an acceleration, and it is this difference that is the relevant quantity to the brain.

Vestibular function is unique inasmuch as minor derangements frequently produce catastrophic vertigo as, for example in early Menière’s disease, while a gradual total loss of function, as may result from an acoustic neuronal, may produce no significant disequilibrium.

The body position is maintained by means of muscle reflexes which maintain head position in space (vestibulospinal reflexes) and the visual field (vestibule-ocular reflexes). The muscles responsible for these effects are the neck, trunk and limb muscles.

Central Vestibular Connections

The 19,000 vestibular nerve fibres convey the action potentials from the peripheral vestibular labyrinth to the vestibular nuclei in the brain stem. The vestibular ganglion (named after Scarpa) is in the section of the nerve inside the internal auditory canal. This has clinical significance because damage to the peripheral nerve endings of the vestibular nerve does not always result in total atrophy of the ganglion. If the ganglion remains partially active after a total loss of function of the vestibular labyrinth, surgical removal of the ganglion or section of the vestibular nerve medial to the ganglion is sometimes indicated.
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Drawing by Max Brödel shows the membranous labyrinth and its afferent nerve supply.

The vestibular nuclei are intimately connected to other parts of the brain, especially the cerebellum.  Important central connections from the vestibular nuclei are the vestibule-ocular connections for maintaining the visual field during movement of the head, the vestibulospinal connections for maintaining posture, and the connections to the autonomic nervous system (in an alarm situation: drop in blood pressure, sweating, nausea, vomiting, diarrhoea).
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The top diagram shows the neural connections of the cochlea to the brain.

The bottom diagram illustrates the connections of the balance organs to the brain.

Disease Strikes

When a sudden pathologic diminution of function of one vestibular system occurs, as for example in a Menière’s spell of one end-organ, or a serious vestibular neuritis attack, there exists a major imbalance. The involved side is no longer able to deliver its equal and opposite fund of information to the brain, i.e. even at rest the two systems are discharging an unequal intensity, and unequal intensity of discharges has a specific meaning to the brain.

The sequelae of this imbalance are manifestations of a relative hyperfunction of the intact side; thus, uncontrolled and prolonged vestibular reflexes result.  

The disparate message arrives at the cerebral cortex, and the cortex interprets this unbalanced information from two sides in the only way it can in the light of past experience. The cortex interprets it as a condition of constant motion – and this is our definition of vertigo. The misinterpretation of the actual state of affairs is a rotatory sensation when the whole end-organ is involved because the six semicircular canals predominate in their overall effects over misinformation from the four otoliths organs alone.  It may also have a pitching, yawing or rolling character, but always a rotational nature because of this predominance of innervation.

The same massive imbalance in discharges arrives at the eye muscle nuclei and the reticular formation. The imbalance, interpreted as before in the light of past experience and training, directs the eye muscle nuclei to deviate the eye in the direction of last gaze to retain orientation; the slow component of nystagmus is born. The eyes, however, cannot continue to track indefinitely in any single direction because of their anatomical limitations inside the orbit. Reticular activating neurons direct the ocular muscle nuclei to return the eye balls to the point of gaze at which the slow component began the deviation (across the midline). This second phase of eye deviation is a much faster one because it is a compensatory recovery phase. The quick component of nystagmus is thus generated. The reticular activating neuron, having fired, enters into its refractory period, and the end-organ inflow from the vestibular nuclei resumes its effect upon the eye muscle tracts – the eyeballs are directed again to retain the field of last gaze. This repetitive attempt to retain the last field of gaze by a conjugate movement of the eyes and a rapid reflex return of the eyeballs across the midline in compensation is our definition of vestibular nystagmus, i.e. a rhythmic jerky eye movements with a slow and a quick phase. This is different from, for instance, the rhythmic ocular nystagmus of a person with an under developed fovea centralis (or a blind person) –whose eyes also oscillate rhythmically but with equal speed to both sides.

The same imbalance of information is transmitted from the vestibular nuclei down the spinal cord to anterior horn cells, instructing the postural and locomotors muscles to meet a new situation that never comes, staggering and ataxia result.    
The imbalance in impulses also plays upon the dorsal efferent nucleus of X. At first this nucleus effects only a cessation of peristalsis. Gut activity is not needed in an emergent situation. If the imbalance is massive and continuous, however, the nucleus is heavily stimulated, and a reverse peristalsis occurs with resultant nausea and vomiting.

In a matter of minutes the cerebellum imposes a virtual shutdown of electrical activity of the vestibular nuclei by virtue of its profound inhibitory influence on vestibular activity. The nuclear shutdown does not then eliminate the problem, but does serve to render the imbalance at a lower level of magnitude.

The Physiology of Repair and Compensation

The organ then sets about trying to restore the situation. This can be done in three ways.

1. Restore to health of the diseased systems, which may take hours to days.

2. Central support of the intact side.

3. Generation of a new electrical activity in the underdischarging system to balance the normal but now relatively hyperactive side.

In practice it is very likely that all three mechanisms go on at once in varying degrees. For example, in the crisis of Menière’s disease the end-organ heals in a few hours, and a normal or near normal discharge pattern from the end-organ resumes. The cerebellar  “clamp” is not needed, or at least only temporarily. Reflexes then revert to normal as equal and opposite reactions are signalled from the two end-organs. Another example would be acute suppurative labyrinthitis. In this disease the end-organ is destroyed and, since it cannot rebuild itself, restoration must be a central process. Very quickly the cerebellum imposes vestibular and nuclear shutdown. For this reason patients in vestibular crisis remain perfectly still, with as little head motion as possible. Motion of the head results in accentuation of the imbalance, and waves of vertigo and vegetative symptoms occur. Then, over a matter of days and possibly weeks a new resting electrical activity is generated in the denervated vestibular nuclei. As this new activity builds, symptoms begin to abate and the cerebellar shutdown is slowly released. When the activity is full and matches the other side, symptoms disappear except for varying degrees of motion intolerance. Motion interpretation involves integration, and this must gradually be built up following regeneration of resting activity in the nuclei. 

The speed at which it is brought about is dependent upon the severity of the imbalance stimulating it, and the ability of the central nervous system to respond. This ability is a function of the vigour of the whole organism – age of the patient, availability of neuron arcs, efficiency of the central nervous system vascular supply, and so forth.

Clinical Applications of the Balance Theory

From such a consideration of the balance theory of vestibular function, we arrive at two axioms:

1. In vestibular cases of any severity, there will always be labyrinthine nystagmus. The movement of the eyeball is determined by the stimulation in the vestibular labyrinth. In the case of the nystagmus provoked by a caloric test, the horizontal canal is stimulated and a purely horizontal nystagmus results. When all three semicircular canals are stimulated (as in labyrinthitis) the two vertical canals also play a role (the utricle and saccule’s stimuli are much smaller than those of the canals and therefore the canals dominate). The vertical canals produce eye movements in the same anatomical plane which they occupy in the body, i.e. diagonally.  Therefore the combination of the three canals results in a horizontal-rotatory movement of the slow phase, with the fast phase purely horizontal (the shortest distance for the eye to travel during the recovery phase).

2. If the severe symptoms last continuously for more than two or three weeks, the cause is not vestibular.***

*** HH: 

This only applies to the cases when  the patient’s eyes are open in daylight, and the observer does not use  special equipment to prevent suppression of involuntary visual eye movements by the patient. i.e. this will always happens when the patient’s eyes are open and the room is not totally dark.  Frenzel glasses help to reduce visual suppression, but slight nystagmus (which has  a speed of the slow phase less than 7°/second) can still be present and not seen by the observer. Electronystagmography (eyes are closed) and infrared videonystagmography (eyes open in total darkness) eliminate suppression of nystagmus caused by visual fixation almost completely , but the patient must be asked not to try and focus (even in the dark). 
The method of Toni Haid (Fürth, Germany) to detect slight nystagmus with the aid of Frenzel glasses is recommended Instruct the patient to close the eyes and relax, and after a little while let the patient open the eyes ---very often the eyeball will have deviated to the direction of the slow phase during the time  that the eyes were closed. When the eyes open a recovery (fast phase of the nystagmus) will occur once, indicating that there may be a slight nystagmus towards that direction.  

Of course suppression of the nystagmus can still occur due to cerebral (brain) suppression, e.g. during emotional stress, and in long standing cases,  where  the patient has been able to suppress the nystagmus by means of willpower and adaptation. In all cases of examination for spontaneous nystagmus, the patient must be asked to perform mental arithmetic, etc, in order to unblock the patient’s capability to suppress nystagmus and dizziness symptoms.

The HSN (head shake nystagmus test) has been developed to “wake up” any suppressed nystagmus, and is recommended for all investigations for  spontaneous nystagmus.



According to Aschan, Bergstedt & Stahle (Uppsala, Sweden, 1956) a resulting

 from a unilateral total loss of vestibular function, never disappears totally, and

can always be elicited if “wake up” manoeuvres are carried out and

electronystagmography used.


These axioms can be applied clinically.


The first axiom can be helpful if the patient , while dizzy, can be

observed by the physician or, indeed, any interested person. If a patient in a significant spell does not have spontaneous labyrinthine nystagmus, the disease is not vestibular.  The physician may not often have opportunity observe a spell because the patient presents usually between spells. However, the patient’s spouse can often times be a surprisingly good observer once instructed. The physician can instructed the spouse in the office at the initial visit by pointing out carefully the features of nystagmus produced by the minimal caloric test he performs in the course of his workup (irrigation with water at room temperature for 5 -10 seconds), i.e., NOT ICE WATER. (or play a CD of a previously recorded spontaneous nystagmus). Some lay people become surprisingly astute observers after a little instruction.   
The second axiom is also helpful in this regard. If on close questioning the patient states that his dizziness has been non-episodic and continuous for, say, two or three months, then his disease need not be from the vestibular labyrinth alone, but can be due to a more centrally situated pathology, e.g. a tumour of the 8th nerve.
Vestibular Function Tests – What can we learn from them?

The goal of vestibular function tests in the present state of the art should be to distinguish a vestibular disease as either end-organ or central and determine which side is diseased. It is frequently an immense relief to a patient to be told that his disease is end-organ and that, whatever follows in the way of symptomatology, his condition will not shorten his life by one day. Even if his disease is not directly treatable, he can be at least assured of eventual relief. If, on the other hand, the disease can be recognized as central, the patient can be put in the hands of the proper
specialist until it is diagnosed, or the next months or the emergence of new symptoms make it possible to make the diagnosis. This is where an MRI of the brain is invaluable, provided gadolinium contrast is used, and that a “limited scan” is not done but a proper comprehensive scan.
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