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Excerpts from pages 105-121: 
p. 105
It has been customary for otologists to regard the function and dysfunction of the inner ear in terms of the afferent pathway from the auditory and vestibular sense organs. Hearing and balance are major forms of the body’s interaction with the environment.

In the preceding chapters, the pathology in the vestibular system’s conduit to the brainstem has been described which account for recurrent disruptions in the physiology of balance. The neuron-specific nature of these degenerative changes suggests recrudescent neurotropic virus injury in sensory ganglia. Degeneration of the auditory sense organ and/or ganglion may be on the same basis as the vestibular nerve pathology or coexist because of age, noise exposure, ototoxic drug exposure and other unknown causes. The concept that recurrent disruption of vestibular nerve physiology is caused by a neurotropic virus is supported by an enlarging body of immunologic, morphologic and molecular evidence.
The efferent neural system has been largely ignored in the evaluation of auditory and vestibular symptoms in patients with labyrinthine pathology. Dysfunction of efferent axons is likely in vestibular ganglionitis because of their close anatomical relationship in Scarpa’s ganglion. Efferent axons to the labyrinth emerge from the brainstem in the center of the vestibular nerve (chapter 2, fig. 12, 13) where they diverge at the saccular portion of Scarpa’s ganglion. The cochlear efferents (olivocochlear bundle, OCB) leave in the vestibulocochlear anastomosis (VCA) to enter Rosenthal’s canal as the intraganglionic spiral bundle whence efferent axons (myelinated and unmyelinated) are given off toward the habenula perforata and the organ of Corti [1-5]. Vestibular efferents also diverge from the parent bundle within Scarpa’s ganglion (chapter 2, fig. 11, 13}. In the superior vestibular division, they first appear in fascicles and individual fibers which gradually disperse and branch as they enter the vestibular nerve branches [4, 6]. Efferent nerve fibers to the saccular and posterior ampullary nerves maintain a dispersed pattern throughout their course toward the sense organs.

p.106
This chapter presents morphologic evidence observed in the 53 temporal bones (TB) summarized in tables 1-4 in the Appendix which suggest a degenerative effect on the efferent system by vestibular ganglionitis.

Materials and Methods

Temporal Bone Specimens 

 Light microscopy

 Results
p. 120
Discussion

Since new information on auditory and vestibular physiology is available, the clinical effects of efferent system paralysis should be considered. It has long been known that the OCB exerts an inhibitory effect on the on sound-provoked eighth-nerve action potentials [17, 18]. Since the demonstration that the sensitivity (tuning) of auditory units is provided by a normal OHC system, a cochlear amplifier function by OHC has been assumed [19, 20]. The OHC exert a mechanical effect on cochlear partition mechanics [21, 22] and thus give rise to energy released as otoacoustic emissions (OAE) in the ear canal [23]. Inhibitory action on OHC contractibility by an intact OCB normally provides a regulatory control over this amplifier system [19, 20]. When the OCB has been transected (i.e. vestibular nerve transaction), OAE are increased and resist reduction by contralateral sound stimulation [24, 25]. Although the frequencies of tinnitus and spontaneous OAE do not match in most subjects when this has been studied, there have been reports of a precise match of OAE with the tinnitus [26]. Furthermore, increased spontaneous OAE have been reported in patients with MD [27], and relief of tinnitus has been achieved by intratympanic application of anti-inflammatory [28] or cholinergic drugs [29]. By the reduction of inflammation and reinstitution of efferent neural transmission, a beneficial effect on the tinnitus may be possible through the efferent system.

p.121
Vestibular efferent activity has been mostly inhibitory [30 – 34] when studied experimentally although some reports of an excitatory effect have appeared [35]. The hypothesis of function with the most solid experimental and evolutionary support is that of an efferent feed-forward mechanism.  Most of the evidence is provided from studies of lateral line organs in fish [36 40]. In such a theory, the vestibular organs are subject to an efferent influence that adjusts for the stimuli affecting the sense organs during movement of the animal. It has been demonstrated in the lateral line organ that efferents are activated before the movement of the animal [36, 38]. By reducing the sensitivity of input from the sense organ, this activity prevents self-stimulation during vigorous swimming movements. By analogy to these experiments in fish, a common complaint in patients with VN, MD or BPPV is that of motion intolerance with sudden head movement.

Based upon morphologic changes in the afferent and efferent labyrinthine pathways in temporal bones from patients with Vestibular neuritis, Meniere disease and BPPV, two categories of dysfunction (symptoms) seem possible. 


The primary pathology is a reactivated latent neurotropic viral vestibular ganglionitis which is responsible for episodic vertigo. Depending on the strain of virus (anterograde vs. retrograde), hearing loss may be absent (VN = vestibular neuritis) or associated with vertigo (Meniere disease).  

A secondary pathology is the inflammatory paralysis or degeneration of efferent pathways to the labyrinth. This effect occurs at the point where efferent axons pass through the vestibular (saccular) ganglion.  Loss of efferent function may result in increased OAE =otoacoustic emissions (auditory) which could give rise to tinnitus as well as motion intolerance (vestibular). It may be useful in the evaluation of patients with recurrent vestibulopathy to classify symptoms as ‘primary’ and ‘secondary’ depending on the neural system affected by vestibular ganglionitis.

The primary pathology

          is a reactivated latent neurotropic viral vestibular ganglionitis 
which is responsible for
episodic vertigo but no hearing loss = vestibular neuritis)
                 or
episodic vertigo + hearing loss = Meniere disease

                                                           (AFFERENT pathway affected)
The secondary pathology
         Is the inflammatory paralysis or degeneration of efferent pathways
         in the labyrinth. Loss of efferent function may result in 
    auditory symptoms = tinnitus
        plus

     vestibular symptoms = motion intolerance with sudden head movements.

                                                         (EFFERENT pathway affected)
PRIMARY SYMPTOMS 

                                        =  VERTIGO      (vestibular afferent pathway afected)
                                        = HEARING LOSS  (auditory afferent pathway affected)

SECONDARY SYMPTOMS 

                                      =  TINNITUS  (auditory efferent pathway affected)

                                      =  MOTION INTOLERANCE WITH SUDDEN HEAD MOVEMENTS

                                                             (vestibular efferent pathways affected) 
