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Addendum to Bell's palsy - 1
Fisch, Esslen (1972) - Arch Otolaryngol 95:335-41

 “Total intratemporal exposure of the facial nerve. Pathologic findings in Bell’s palsy”.
Description of intraoperative findings in Bell’s palsy, i.e., that maximal swelling of the facial nerve occurred proximal to the meatal foramen inside the ineternal auditory canal (meatal foramen = the beginning of the Fallopian canal in the temporal bone, i.e. where the labyrinthine portion of the facial nerve begins). 

H.H.: See illustrations in the book “Microsurgery of the Skull Base” by Fisch and Mattox, section on exploration of the facial nerve in Bell’s palsy and Herpes zoster oticus, which shows the operative findings of swelling of the distal portion of the facial nerve inside the internal auditory canal
.

See also
:
 Gacek (Laryngoscope 1998 - on the duality of the facial nerve ganglion);

 Gacek & Gacek (Otology & Neurotology 23(4):617-618, 2002) – which shows                histopathological evidence of  swelling of  the distal portion of the  facial ve inside the internal auditory canal due to ganglionitis of the  nerve inside  the internal auditory canal, i.e. proximal to the meatal foramen. This looks exactly the same as  the findings of  Fisch & Esslen of 1972 (Arch Otolaryngol 95:335-41).

Gacek R (1998) - Laryngoscope 108:1077-86

 “On the duality of the Facial nerve ganglion”.

Gacek described the presence of ganglion cells, associated with the nervus intermedius, in both the geniculate ganglion as well as in the facial nerve inside the internal auditory canal (also called the meatal portion of the facial nerve). He introduced the term meatal ganglion, and found that the meatal ganglion was present in all facial nerves. “Although the meatal ganglion component is small in most facial nerves, it may be equal to or greater than the geniculate ganglion in about 12% of cases”. 

Gacek R (1999) - Am J Otolaryngol 20:202-10

 “The pathology of facial and vestibular neuronitis”. 

Morphological studies of 75 temporal bones of patients who had not suffered from facial paralysis, but of whom 20 had a history of vertigo, revealed a high incidence of degeneration of ganglion cells of the facial nerve ganglia and the vestibular ganglia. Conclusion: Th Facial nerve lesions and vestibular nerve lesions in 51 temporal bones may be virus-induced and reflect a higher incidence of idiopathic facial nerve and vestibular nerve neuronitis than previously thought.

Arbusow, Strupp, Wasicky, Horn, Schulz & Thomas Brandt (2000) - Neurology 55:880-2

Dept. Neurology, University of Munich, Germany

“Detection of herpes simplex virus type 1 in human vestibular nuclei”.

Arbusow, Theil, Strupp, Mascolo, & Thomas Brandt (2001) - Audiology & Neuro-Otology (Karger) 6:259-62) 

 “HSV-1 not only in human vestibular ganglia but also in the vestibular labyrinth”.

Twenty-one randomly obtained human temporal bones were examined and HSV-1 DNA was found in 62% of vestibular ganglia, 57% of geniculate ganglia, and in 48% of semicircular canals and macula organs. The potential significance of this finding is twofold:  
 Inflammation in the vestibular nerve can also involve the labyrinth and thereby

 cause  acute unilateral vestibular deafferenttaion As benign paroxysmal positional vertigo often occurs in patients who have had vestibular neuritis, it can also be a sequel of viral labyrinthitis.

[image: image2.png]cc

geniculate

ganglion
facial O O
nerve
¢!
S
intermediate
nerve : v superior
: PAS vestibular
o nerve
- o)leg “\05\5
(s 0}
‘ﬂa “ag\-
inferior
. " - vestibular
vestibular v&eﬂbplar rerve
nerve ganglion




Fig.1. After primary infection (stomatitis herpetica) HSV-1 asecends 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 labyritnh is possible along the vestibular nerve.  aSC, hSC, pSC = Anteriror, horizontal, and posterioir semicircular canals; cc = commissurl 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.”

	

	


	Gacek & Gacek (2001)  

 “Menières’ disease as a manifestation of vestibular ganglionitis”

Am J Otolaryngol 22:241-50

In 10 out of 12 temporal bones endolymphatic hydrops as well as perilymphatic fibrosis were found. They concluded that the morphologic changes in temporal bones of 8 patients with Menière’s disease, and clinical observations in patients with recurrent vestibulopathy, support the concept that the pathologic mechanism responsible for auditory and vestibular symptoms in Menières’ disease may be reactivation of a latent viral vestibular ganglionitis. They also stated that the perilymphatic fibrosis and retraction of fibrous tissue could lead to displacement of yielding membranes, i.e. saccular wall, Reissner. Membrane.




Gacek & Gacek (2002)

 “The three faces of vestibular ganglionitis” 

Annals Otol, Rhinol, Laryngol 111:103-14 

H.H.: This article is a must for every otologist, neurologist and internist.

Excerpts from this publication:

We present temporal bone and clinical evidence that common syndromes of recurrent vertigo are caused by a viral infection of the vestibular ganglion. In the present series, histopathologic and radiologic changes in the vestibular ganglion and meatal ganglion were consistent with a viral inflammation of ganglion cells in cases of Menière’s disease, benign paroxysmal positional vertigo, and vestibular neuronitis.  Clinical observations of multiple neuropathies involving cranial nerves V, VII, and VIII on the same side in patients with recurrent vertigo are best explained by a cranial polyganglionitis caused by a neurotrophic virus, which is reactivated by a stressful event later in life. The reactivation of the latent virus manifest as one of the above vertigo syndromes, depending on the part of the vestibular ganglion that is inflamed, the type and strain of the virus, and host resistance.

The agents responsible for the ganglionitis are neurotropic viruses, probably herpes simplex virus (HSV) or herpes zoster virus. Other neurotropic viruses that may be involved are cytomegalovirus, Epstein-Barr virus, and pseudorabies. (H.H.: Adour said that Epstein-Barr was not a neurotropic virus – see page 6). The ubiquity of HSV is seen in the high exposure rates recorded in the world population. Elevated serum antibody titers to HSV-1 have been recorded in 70% of 25-year-olds, and at the age of 60 years, the rate is more than 90%. After the neurotropic virus enters a sensory nerve, it may reside in a latent state in its ganglion cells. Reactivation of the virus from latency, triggered by extreme stress, is reflected by clinical signs and symptoms.

On endolymphatic hydrops: Hydrops produced in animals do not result in vestibular symptoms, and no perilymphatic fibrosis, as seen in Menière’s, is caused (Schuknecht et al 1968;  Swart JG (Pretoria) & Schuknecht (1988).

Medical and surgical treatment designed to reduce fluid in the labyrinth have failed to achieve relief from vertigo comparable to that attained after vestibular ablation. These observations raise doubt about endolymphatic sac dysfunction as the responsible pathologic correlate in Menière’s disease. On the other hand, degeneratiove and inflammatory changes in surgically excised vestibular nerve ganglia of Menière patients have been reported with incresing frequency.

Menière’s disease has long been considered to be a result of decreased endolymph resorption leading to hydrops. This concept is based on the repeated descriptions of hydrops in temporal bones from pateints with Menière’s and the creation of hydrops following endolymphatic duct obstruction in some laboratory animals. Attempts to relieve hydrops by enlarging the endolymphatic sac or by reducing body fluid have had equivocal success in controlling vertigo and hearing loss in Menière’s disease.

On vertigo: The mechanism by which vestibular neuronal activity is aktered to produce vertigo is not known. However, virus activation and release into the extracellular space disrupts the ganglion cell membrane, with leakage of ionic constituents across trhe cell wall. Because neuronal excitability is dependent on the ionic gradient across the cell membrane, loss of this gradient by flow of potassium to the outer coat of the membrane, in which they displace bound calcium ion, is a possible explanation (Lehringer). Recurrent disruption of the ganglion cell membrane may eventually cause neuronal death.

On fluctuating sensorineural hearing loss: This hearing loss which occurs in Menière’s disease probably represents neurotoxic effects on the spiral ganglion rather than mechanical alteration of the motion mechanics of the basilar membrane.   

Richard Gacek & Mark Gacek (2002)

Advances in Oto-Rhino-Laryngology, Vol. 60, Karger. 

“Viral neuropathies in the temporal bone”

H.H.: This book, dedicated to Hal Schuknecht, with whom Richerd Gacek worked in Boston for many years before moving to Syracuse, is a milestone in otologic literature, is highly recommended for all otologists, and is a MUST for neuro-otologists.

“The Invasion route of neurotropic viruses (Chapter 2)”
The relationship of cranial nerves V, VII, VIII, IX and X to areas of the oral cavity, oropharynx, nasopharynx and nose, which are a habitat for neurotropic viruses, represents a basis for recrudescence from latency later in life.

Trigeminal nerve - very vulnerable to invasion by neurotropic viruses due to its wide distribution of sensory nerves in the epithelial surfaces of the nose, sinuses, and oral cavity – they invade the terminals (synaptosomes) and ganglion of the trigeminal nerve.

Facial nerve – A viral etiology for idiopathic facial palsy (Bell’s palsy) is now generally recognized. The sensory ganglia (geniculate and meatal) are important to the subject of virus-mediated neuropathy. Afferent input from taste receptors in the soft palate and nasopharynx is carried over the greater superficial petrosal nerve to the meatal ganglion, while the geniculate ganglion contains sensory neurons for taste receptors in the anterior two thirds of the tongue (via chorda tympani). Furthermore, the meatal ganglion location in the internal auditory canal portion of the facial nerve is juxtaposed to the vestibular ganglion (Scarpa’s ganglion).  Although these two ganglionic masses are derived from two separate embryologic sources, their intimate anatomic association permits a common involvement in inflammatory processes.
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Temporal Bone Histopathology Case of the Month
Idiopathic Facial Paralysis (Bell’s Palsy)

Richard R. Gacek and Mark R. Gacek

Division of Otolaryngology-Head and Neck Surgery, Department of Surgery,

University of South

Alabama, Mobile, Alabama, U.S.A.

Accumulating evidence indicates that idiopathic facial
paralysis (IFP) is caused by a viral inflammation of the
proximal portion of the facial nerve in the internal audi-
tory canal (1). The proposed early location of the viral
agent, such as herpes simplex 1, herpes zoster virus, and
other members of the Herpesvirinae subfamily, has been
found in the geniculate ganglion. Herpes simplex or va-
ricella virus DNA has been recovered from the genicu-
late ganglion in temporal bones of patients demonstrat-
ing IFP. However, the majority of imaging studies using
enhanced magnetic resonance imaging have indicated
that the earliest and most proximal area of enhancement
of IFP is in the meatal portion of the facial nerve (2).
This location of enhancement is consistent with the in-
traoperative surgical observations of Fisch and Esslen
(3), who proposed that the maximal swelling of the facial
nerve occurs proximal to the meatal foramen. On the
basis of these observations, they recommended surgical
decompression of the meatal foramen and the labyrin-
thine segment of the facial nerve as the treatment of IFP.

Recent temporal bone observations indicate that the
meatal ganglion (MG) of the facial nerve demonstrates
ganglion cell degeneration in addition to satellite cell and
inflammatory cell infiltration in patients with IFP (4).
The input to the MG is carried over the greater superfi-
cial petrosal nerve from taste receptors in the soft palate
and oropharynx. This region of the pharynx is replete
with viral and bacterial organisms in the overall popula-
tion. It may account for the very high incidence of el-
evated herpes simplex virus antibodies in the general
population worldwide. Figures estimating this incidence
in the 70%-80% range by the age of 30 years are com-
mon. Therefore, the introduction of a neurotrophic virus
(NT) such as herpes simplex virus or zoster through the
oropharynx into the MG where latency is established
represents a logical explanation for the neuroradiologic
findings in IFP. This is the scenario for reactivation of
neurotrophic virus in the MG by a stressful event at some
later time in the patient’s life. The treatment of IFP with

Address correspondence and reprint requests to Dr. Richard R.
Gacek, Division of Otolaryngology—Head and Neck Surgery, Depart-
ment of Surgery, University of South Alabama, 307 N. University
Boulevard HSB 1600, Mobile, AL 36688-0002, U.S.A.
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FIG. 1. Low-power view of the internal auditory canal shows
marked swelling of the facial nerve (F) proximal to the labyrin-
thine segment of the fallopian canal (L). V, superior division of the
vestibular nerve; C, basal turn of cochlea.

FIG. 2. A: The meatal ganglion (*) is located in the edematous
portion of the facial nerve (F). V, vestibular nerve. B: The meatal
ganglion (MG) is shown in this high-power view in which a dense
satellite and inflammatory cell infiltrate (arrowheads) surround
ganglion cells (arrows).





[image: image4.png]antiviral and with antiinflammatory (steroids) agents has
produced superior results to the natural history of IFP or
surgical decompression of the facial nerve.

The temporal bone presented here is from a patient
with untreated facial paralysis of an unknown period of
time. The temporal bone demonstrates marked swelling
and edema of the facial nerve proximal to the MG (Fig.
1). The MG contains degenerated and intact ganglion
cells surrounded by a heavy infiltration of satellite and
inflammatory cells (Fig. 2). The geniculate ganglion ap-
pears normal, containing neither degenerated ganglion
cells nor an increased density of satellite cells.

o
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Eighth cranial nerve – Virus-mediated neuropathy of the eighth cranial nerve has only recently been supported by morphologic evidence in human temporal bones.

 The vestibular nerve is comprised of approx. 18,000 bipolar neurons, mostly afferent (efferent neurons have been studied in the cat and number 200-300). The vestibular afferent ganglion cells are located in Scarpa’s ganglion, which is inside the portion of the vestibular nerve inside the internal auditory canal.

The cochlear nerve is composed of approx. 30,000 afferent bipolar ganglion cells. The efferent cochlear axons (olivocochlear bundle - approx. 1000 axons) travel with the  vestibular nerve through the saccular portion of the vestibular ganglion, and emerge as the vestibulo-cochlear anastomosis (Van Oort’s), and enter the cochlea via Rosenthal’s  canal.

Glossopharyngeal nerve -  morphologic evidence to support virus-mediated neuropathy of this nerve is lacking thus far. Although this nerve has a motor component to the stylopharyngeus muscle, it is largely a sensory nerve, which innervates the carotid body, the pharyngeal tonsil, the base of the tongue and the lingual surface of the epiglottis.  Sensory taste receptors located in the posterior third of the tongue, the adjacent epiglottis and the soft palate project over the glossopharyngeal nerve. Ganglion cells responsible for these sensory inputs are located in the inferior ganglion within the jugular foramen. A smaller superior ganglion is variably present and may contain sensory neurons of the tympanic branch.

The tympanic branch of the ninth nerve is important clinically because it carries preganglionic effent parasympathetic axons as well as afferents from middle ear mucosa through the middle ear space as Jacobson’s nerve which continues as the leser superficial petrosal nerve before synapsing in the otic ganglion. Postganglionic neurons in the otic ganglion complete the efferent link to the parotid salivary gland.     

The presence of sensory ganglion cells carrying input from taste receptors in the oral cavity over the seventh and ninth cranial nerves represents a common pathway for entrance of neurotropic viruses into these cranial nerves. Neurotropic viral ganglionitis as a cause of recurrent ear pain requires morphologic evidence in human tmporal bones.  

Tenth nerve – viral neuropathy is also probable but is not included in Gacek’s book on the temporal bone.Eleventh nerve – is not affected by neurotropic viruses because it does not have a sensory component
(Adour et al: Cervical 2 & 3 – the sensory components are frequently affected by neurotropic viruses and cause pain behind the ear as well as hypersensitivity of the scalp (somatophobia)  due to interferece with the inhibitory sensory fibers  – see article on PGE).

- - - - - - - - - - - - - - - - - - 
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Chapter 3

Meatal Gang||on|t|5° A Pathologic
Correlate in Idiopathic Facial Paralysis

Richard R. Gacek, Mark R. Gacek

Evidence from many sources has accumulated to support the concept that
idiopathic facial paralysis (IFP) is an inflammatory neuropathy caused by a neuro-
tropic (NT) virus of the herpes simplex or zoster family [1-10]. Because of the
high exposure to these viruses in the general population, numerous nerves in the
body are exposed to NT viruses which then have the tendency to acquire a latent
form within sensory ganglion cells of peripheral nerves. The previous chapters
have described the biology of herpes simplex ganglionitis and the propensity of
the virus to remain in a latent form within the ganglion from which it can be
reactivated at a later time [11]. Although the sensory ganglion cell is the locus
of inflammation, the motor portion of the facial nerve (FN) may be affected
because of a demyelinating autoimmune response to the viral agent in the gan-
glion cells [12, 13]. It is also probable that various virus types and strains, as
well as host resistance, play a role in the clinical manifestation of IFP.

Although it has generally been assumed that the geniculate ganglion (GG)
is the site of virus accumulation in IFP [14], ganglion cell degeneration within
the GG has never been described. On the other hand, recent attention has been
called to the meatal ganglion (MG) which is located in the meatal segment of
the FN [15, 16]. While the MG is present in all human temporal bones (TB), it
has a relatively minor presence compared to the GG in most TB. However, in
12% of TB, the MG may be as large or even exceed the GG in ganglion cell
number. Clinical observations made by Fisch and Esslen [17] indicated that the
most prominent location of FN swelling and edema is in the meatal segment
(that portion of the nerve that is proximal to the meatal foramen). The postulated
dural constriction at the entrance to the labyrinthine fallopian canal was felt to
be responsible for obstruction of axoplasmic flow which then causes a physio-
logic decrease in nerve conduction. Surgical decompression of this portion of
the FN canal was felt to be important in the treatment of IFP.




[image: image6.jpg]In 1999, we reported TB findings in a patient with IFP 6 years before death,
with subsequent complete recovery of the facial paralysis [18]. This patient had
undergone radiation therapy to the spleen for chronic lymphocytic leukemia. No
degenerated ganglion cells were found in the GG of the TB, but there were sev-
eral degenerated ganglion cells in the MG. The adjacent vestibular ganglion to
the MG carrying innervation to the lateral and superior canal cristac was com-
pletely degenerated, and focal axonal degeneration was also seen in the vestibu-
lar nerve trunk. The concept is formed that IFP results from meatal ganglionitis
rather than geniculate ganglionitis. It is possible that the GG is involved in the
progression of IFP, since the two ganglia are connected by the nervus inter-
medius. The present report describes 6 TB from 4 patients with IFP. The major
finding was a confirmation of degenerated ganglion cells in the MG of the FN
and not the GG.

Materials and Methods

(1) A case report describes the MRI findings in a patient with IFP that was monitored
at 1, 8 and 15 weeks after the onset of paralysis. Spontaneous and complete recovery of facial
function occurred within 2 months in this patient. Six additional patients with IFP were fol-
lowed with MRI.

(2) Eleven published studies [19-29] describing the use of MRI in IFP were reviewed
comparing the location of enhancement in the FN during the disorder. These studies included
patients who were monitored within 7 days as well as several weeks to months following the
onset of paralysis.

(3) Six horizontally sectioned TB from 4 patients with a history of IEP were examined
for morphologic changes in the FN as well as vestibular and cochlear ganglia which correlate
with the FN paralysis. These TB were formalin fixed, decalcified, embedded in celloidin and
sectioned at 20 wm thickness. Every tenth section was stained with hematoxylin and eosin,
cover-slipped and examined in a light microscope.

Results
Case Report

A 51-year-old female with a 7-day history of complete left facial paralysis
(grade VI/VI House-Brackman), otalgia and vertigo had an otherwise normal
head and neck examination. The remaining cranial nerve function including
hearing was normal. The patient had been treated with oral prednisone (40 mg
daily) since the onset of facial weakness. Famvir (500 mg t.i.d.) was added to the
steroid management. An enhanced MRI at this time revealed localized enhance-
ment in the meatal segment of the left FN (fig. 1).
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