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ABSTRACT

The pathology of the cistern of the cerebellopontine angle is primarily the disease of
the nervous and vascular structures that it contains and of the meninges that line it. It appears
by the Trigeminal Neuralgia (TN), Hemifacial spasm (HFS), and Glossopharyngeal Neuralgia
(GN). We have reviewed the anatomy, pathogenesis, diagnostics and therapy of neurovascular
conflicts of cerebellopontine angle. The clinical manifestations of the conflict vary according to
the affected nerve. The diagnosis is made on the basis of symptoms but need to be confirmed by
imaging. Now-a-days, high-fields Magnetic Resonance Imagings (MRIs) are the standard gold
diagnostic method but stay impervious in areas or countries that are less medically equipped.
The treatment of neurovascular conflicts of cerebellopontine angle is conservative or interven-
tional. The interventional acts constitute the only curative treatments.

KEYWORDS: Neurovascular conflict; Cerebellopontine angle; Glossopharyngeal neuralgia;
Trigeminal neuralgia; Hemifacial spasm.

ABBREVIATIONS: CPA: Cerebellopontine angle; TN: Trigeminal Neuralgia; GN: Glossopha-
ryngeal Neuralgia; HFS: Hemifacial spasm; REZ: Root Exit Zone; MRI: Magnetic Resonance
Imaging; PICA: Posterior Inferior Cerebellar Artery; AICA: Anterior Inferior Cerebellar Ar-
tery; VA: Vertebral Artery; APC: Anterior Piriform Cortex; MeSH: Medical Subject Headings.

INTRODUCTION

The pathology of the cistern of the Cerebellopontine angle (CPA) is primarily the
disease of the nervous and vascular structures that it contains and of the meninges that line it.
Knowledge of its anatomy and pathogenesis makes it possible to understand and search for
a rare pathology, including Trigeminal Neuralgia (TN), Hemifacial spasm (HFS), and Glos-
sopharyngeal Neuralgia (GN). Trigeminal neuralgia consists of brief paroxysms of pain in the
facial distribution of the trigeminal nerve, precipitated by stimuli to sensory endings in the
trigeminal receptive area.! The overall incidence is estimated to be approximately 3-5 cases per
year per 100,000 people and increases with age.> HFS is a facial movement disorder character-
ized by involuntary, unilateral and intermittent twitching of muscles innervated by the facial
nerve.’ Like in TN, in more than 95% of the cases HFS is caused by neurovascular compres-
sion affecting the Root Exit Zone (REZ) of the facial nerve. Medical imagery, based on the
Magnetic Resonance Imaging (MRI), is systematic and enables us to preview the conflict. We
have reviewed the anatomy, pathogenesis, diagnostics and therapy of neurovascular conflicts of
cerebellopontine angle.

METHODS

The research for this review was data mining through Medline and Google scholar web
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sites. The Medical Subject Headings (MeSH) terms were “neu-
rovascular conflict”, “cerebellopontine angle”, “glossopharyn-
geal neuralgia”, “trigeminal neuralgia” and “hemifacial spasm”.
The research included English, French and Russian studies in
humans. Articles were included when dealing with anatomy, pa-
thology, pathogenesis, diagnostics or therapy of neurovascular
conflicts of CPA. Case series and single cases were included.
Articles were excluded when the cause of the conflict were non-
neurovascular. Bibliographies of selected articles were screened
for additional relevant articles. We used HITACHI (AIRIS
Vento) 0,3T. The sequences carried out were: 3DT1, 3DT2 with
high resolution and angio-MR-3DTOF. Informed consent was
obtained for patients to publish their pictures.

ANATOMICAL RECALL

The CPA is located between the superior and inferior
limbs of the cerebellopontine fissure, a V-shaped angular cleft,
formed by the cerebellum folding around the pons and middle
cerebellar peduncle.*¢ The CPA faces the posterior surface of the
temporal bone. The middle cerebellar peduncle fills the interval
between the superior and inferior limbs of the angle (fissure).
The apex of the angle is located laterally where the superior
and inferior limbs meet. The fourth through the eleventh cranial
nerves are located near or within the angular space between the
two limbs.’

The surgical cerebello pontine angle (CPA) can then be
divided into three spaces comprising each one a nerve, vessels
and its distinct pathologies:

o Space of the mixed nerves, inferior external occupied by the
mixed nerves IX, X and XI after passing through the jugular
foramen. Apart from these, the sigmoid sinus will become
gulf of the chin-strap. The artery belonging to this territory
is the Posterior Inferior Cerebellar Artery (PICA) born from
the ipsilateral vertebral artery;””

e Space located coarsely at the medium of the CPA, more in-
ternal than the previous, consists of the acousticofacial pac-
kage (VII and VIII), emanating from the bulbo-protuberan-
tial furrow and engulfing themselves in the porus. It crosses
this space in straight line. It is the zone of the Anterior In-
ferior Cerebellar Artery (AICA) which may form several
loops there engaging itself or engaging one of its branches
towards the porus and more or less deeply in the meatus. In
this space, the presence of a vein is very variable from one
subject to another, but one can find with the former face of
the cerebellum and sometimes joining directly the petrous
sinus, a vein of rather large gauge;”

e Third space is located at the anterior tip of the Cerebello-
pontine space, well inside of the precedent. It contains the
motor and sensitive roots of the Trigeminal nerve or the fifth
cranial nerve (CN V) which, being born from the former
face of the protuberance, will join the trigeminal cavum.
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The other occupying permanent structure of this space is the
vein of Dandy, very bulky vein joining the higher petrous
sinus. The artery of this territory is the superior cerebellar
artery which may often form a loop by contacting the trige-
minal nerve.”

PATHOLOGY AND PATHOGENESIS

The vertebro-basilar arterial system is never perfectly
symmetrical: the unilateral Vertebral Artery (VA) is all the more
bulky as its counterpart contralateral hypoplastic. The basilar ar-
tery can be also very tortuous. Thus, these large arterial trunks
or their branches can come in contact with the various nervous
structures of the CPA and produce there a mechanical aggression
on both peripheral and central nervous tissues'® leading to vari-
ous signs and symptoms of neuralgias. The “ephaptic” theory
refers to the development of a true short-circuit electric activity
that may occur by time between fibers constituting the nerve.'
Similarly, a hyper reactivity at the core of the cranial nerves in
the brainstem known as the “nuclear” theory'® may cause the
sign and symptoms of these disorders. Nevertheless, there is
another unifying theory, the Kindling effect, which says that a
central hyper excitability of the cranial nerves does not exclude
an associated peripheral origin.'® In the three cases, the “electric
discharges” thus produced are responsible for various patholo-
gies which are, by order of frequency: neuralgia of the trigemi-
nal nerve and the spasm of the hemi face. In 95% of the cases,
there is an arterial loop. The seat of the conflict is the REZ (zone
of central transition myelin — myelin peripheral) of variable situ-
ation from one nerve to another. It seems that smallness of the
cisterns of the Anterior Piriform Cortex (APC) and short trigem-
inal nerve have an impact on the pathogenesis of the essential
neuralgia by facilitating the neuro-vascular conflict, particularly
among younger patients.'!

The major etiology of cerebellopontine neurovascu-
lar conflict is the pulsatile compression of a vascular structure
within a few millimeters from the origin of the nerve (REZ).
Persistence of the phenomenon leads to demyelination of the
nerve.'? Baliazina, has shown that the contact between the su-
perior cerebellar artery and trigeminal nerve trunk cannot lead
to the development of trigeminal neuralgia since traumatizing
action on the nerve results not from the pulsation of the wall of
artery which touches the nerve, but from the strokes of the distal
arm of superior cerebellar artery loop, that unbends during each
systole and is located at an angle to trigeminal nerve trunk."

The vessels responsible for the conflict vary according
to the reached nerve. The most common offending vessel in the
Hemifacial spasm (HFS), is the AICA accounting for more than
50% of the cases, while the rest may be caused by the PICA, the
basilar artery or veins."* HFS caused by developmental venous
anomaly is a very rare occurrence. Developmental venous anom-
aly is the most frequently found cerebral vascular malformation
constituting approximately 60% of all vascular lesions.'>'® The
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role of hypertension in the late onset of HFS have been shown
in a family, spanning four generations, using MRI and magnetic
resonance angiography.'” Figures 1 and 2 show respective nor-
mal MRI of the cranial nerves VII and V.

Figure 1: MRI aspect, axial sequence 3DT2 showing a normal nerve VII
(yellow arrow).

Figure 2: MRI aspect, axial sequence 3DT2 showing a normal nerve V (yel-
low arrow).

The vessels which most frequently make contact with
a trigeminal nerve are the superior cerebellar artery (55-88%),
then the AICA, and, in various order, depending on the author,
the basilar artery, PICA or a vein embedded in the nerve.'®"
Sometimes more than one vessel contacts with the nerve. Some
authors think that the offending vessel should dislocate the
nerve, while according to others it is enough to find a contact be-
tween them.'®? Furthermore, the vessel should touch the nerve
at aright or acute angle at the level of the REZ, which means up
to 6 mm from the point of sensory root exit from the pons.?'

CLINICAL MANIFESTATION OF TN, HFS AND GN

TN is recognized by unilateral short-lived, strong,
sharp, shooting pains in one or more branches of the fifth cra-
nial nerve. The description of the pain is very important; it must
be sharp, shooting, lancinating, and “electric shock”. The pain
can be brought on by ordinary stimuli, such as eating, washing,
shaving, cold, warmth, and draught.?
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HFS is a facial movement disorder characterized by in-
voluntary, unilateral and intermittent twitching of muscles inner-
vated by the facial nerve.? The literature describes the frequency
of site of onset: the orbicularis oculi muscle in 90%, the cheek
in 11% and the perioral region in 10% of cases. Over months to
years, the spasms spread gradually to other muscles innervated
by the ipsilateral facial nerve. Tonic spasm is generally accom-
panied by twitching and synkinesis.?

GN is characterized by paroxysms of repetitive lanci-
nating pain localized unilaterally in the tongue, soft palate, and
throat in the lateral and posterior parts of the pharynx, and radiat-
ing to the ipsilateral ear. Neuralgia can be triggered by swallow-
ing, coughing, yawning or chewing, and usually lasts seconds
or minutes. Vagoglossopharyngeal neuralgia is a very rare type
of GN associated with cardiac syncope, arrest and bradycardia
caused by vasodepressor reaction of the vagus nerve. Vagoglos-
sopharyngeal neuralgia occurred in only 4 of 217 patients with
GN.24,25

IMAGING STUDIES IN TN, HFS AND GN

When the diagnosis of neurovascular conflicts of CPA
is made, the patient needs to undergo a MRI scan to exclude
specific pathologies such as a tumor or multiple sclerosis, which
could cause a secondary TN, HFS or GN. The MRI scan can
also be used if there is a suspected compression of the nerve in
the posterior cranial fossa. Sometimes the MRI scan is sensitive
enough to detect blood vessels that have come in contact with
the nerve. Now-a-days, the high MRI fields became inescapable
in the diagnosis of neurovascular conflicts of the CPA.?** How-
ever, in areas or countries that are less medically equipped, cer-
tain authors think that the low-fields MRI can constitute an alter-
native to do the proof of the conflict.*’ Indeed, in these countries,
the access to the care is difficult because of the weak economic
capacity of the population and the absence of the most stripped
system of insurance. Moreover, the MRI is inalienable and inac-
cessible. In our low outcome country, we have two low-fields
MRI for 6 million inhabitants. It means that efforts remain to be
made.

The positive diagnosis of neurovascular conflicts is
based on major criteria (neurovascular contact on the level of the
REZ, the way how the nerve is deviated in the cistern) and on a
minor criterion (remote contact of the REZ). The imagery 3DT2
with high resolution in combination with the angio-MR-3DTOF
is a reliable technique to detect the conflict and to predict the
grade of compression.?®3' Figure 3 shows a crossing with right
angle between the right AICA and the ipsilateral facial nerve
translating a HFS. Figure 4 shows a crossing enters V and the
basilar artery with cisternal way deviation of the nerve.

The classification of Sindou et al (made on a series of

trigeminal neuralgia) distinguishes three grades of neurovascu-
lar conflicts.*> Grade I corresponds to a simple contact on the
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Figure 3: Axial sequences 3DT2 showing a crossing with right angle be-
tween the right AICA (red arrow) and the facial nerve ipsilateral (yellow arrow)
translating a neurovascular conflict.

nerve, whereas grade II corresponds to a contact with nerve dis-
tortion or displacement. Grade III is associated with indentation
on the nerve.

The classification of Adamezyk et al** shows the evalu-
ation criteria and the relation between arteries and trigeminal
nerve. They distinguish 5 grades:

0: Absence of neurovascular contact;
1: Artery and nerve come into contact and their axes are parallel;

2: Artery and nerve come into contact and they cross each other
by a straight or acute angle;

3: Contacting artery dislocates the nerve;
4: Artery and nerve come into contact, nerve atrophy is visible.

The degree of anatomical relationship between vessel
and the cranial nerve VII was graded by Lagalla et al'’ as fol-
lows: O=adjacent; 1=closeness; 2=contact; 3=distortion; 4=in-
dentation.

DIFFERENTIAL DIAGNOSIS

The same symptoms of HFS, TN and GN are common
to many disorders such as tumors, arachnoid cysts, epidermoid
cysts, neuroglial cysts, facial myokymia, blepharospasm and fa-
cial tic.***? Generally, this is not an issue since differential diag-
nosis is possible by studying the MRI findings and the clinical
manifestation of the disease.

TREATMENT OF TN, HFS AND GN

The treatment of neurovascular conflicts of CPA is con-
servative or interventional. The medication of choice is carbam-
azepine in trigeminal/glossopharygeal neuralgia whereas botulin-
ium toxin injection is used in the treatment of hemifacial spasm.
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Figure 4: MRI aspect showing a crossing enters V and the basilar artery (red
arrow) with cisternal way deviation of the nerve (yellow arrow).

Microvascular decompression is an important proce-
dure for the management of microvascular compression syn-
dromes in the CPA like TN or HFS. The ability to identify the
offending vessel is the key to success.!? The endoscope helps
surgeons to identify and understand the responsible conflict in
order to treat them. Endoscopy improves visualization of the
cranial nerves and allows seeing and understanding the neuro-
vascular conflicts, which are not able to be observed using the
microscope alone for certain patients.** The endoscope is a use-
ful adjunct to microscopic exploration of the cranial nerves in
the CPA avoiding significant cerebellar or brainstem retraction.
The most important thing for a successful microvascular de-
compression operation is to remove the offending artery off the
nerve. However, if the conflict site failed to be approached after
endeavors, a successful microvascular decompression can still
be achieved by relocating the offending artery with the guidance
of real-time electromyography even without visualization of the
confliction.*

The efficacy of endovascular treatment for neurovas-
cular conflicts in the CPA caused by intracranial aneurysms and
intracranial arteriovenous malformations, including TN, HFS,
and GN, have been investigated.” The authors have concluded
that endovascular treatment is a feasible and less invasive ap-
proach for relief of neurovascular conflicts in the CPA caused by
intracranial aneurysms or intracranial arteriovenous malforma-
tions and could be considered as a therapeutic option in these
situations.*

Other techniques for the treatment of TN and GN that
were reported in the literature include:

e Treatment achieved with thermocoagulation or in exception-
al cases by anesthetic block for diagnostic purposes*;

e The optimal radiation dose and target of Gamma-knife radio-
surgery for medically refractory idiopathic trigeminal neu-
ralgia®’;

e Use of Gamma Knife radiosurgery for recurrent glossopha-
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ryngeal neuralgia after microvascular decompression*®;

e Use of endotracheal tube surface electrodes to help delineate
the sensory and motor vagal rootlets which may be sacrificed
during the surgical treatment of glossopharyngeal neural-
gia®;

e Use of electrophysiological monitoring on selective rhizot-
omy of the glossopharyngeal nerve.>® Electrophysiological
monitoring in selective rhizotomy treating glossopharyngeal
neuralgia can improve the efficiency of pain relief and reduce
the incidence of complications.

MRI permits to identify the segment of the nerve which
is atrophied. Indeed, TN is associated with atrophy of the REZ
of the affected nerve compared with the asymptomatic side, but
volume loss in different segments of the nerve has very differ-
ent prognostic implications. Proximal atrophy is associated with
vascular compression and correlates with improved outcome
following microvascular decompression. However, distal atro-
phy is associated with a significantly worse outcome after mi-
crovascular decompression.’!

CONCLUSION

The clinical manifestations of the neurovascular con-
flict of the CPA vary according to the affected nerve. High-field
MRI remains the gold standard method in their diagnosis; but
alternatively, the low-field MRI might be similarly useful. Treat-
ment of TN, HFS and GN is initially by medicine but the intrac-
table conditions may need interventional acts which constitute
the only curative treatment.
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