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Summary

Background: Nerve compression syndromes in the posterior cranial fossa can
severely impair patients’ quality of life. There is often uncertainty about the best
treatment. In this article, we provide an overview of these conditions and the
corresponding treatment strategies.

Methods: This review is based on pertinent publications retrieved by a selective
search in PubMed and on a scientific analysis of the authors’ patient collective.

Results: These syndromes are caused by compression of a cranial nerve by an
artery or vein at the zone of the nerve’s entry to or exit from the brainstem. The
best-known neurovascular compression syndrome is trigeminal neuralgia, followed
by hemifacial spasm. Less well known are glossopharyngeal neuralgia, nervus
intermedius neuralgia, and vestibular paroxysmia. The initial treatment of trigeminal
neuralgia is medical: the first line of treatment is with sodium-blocking anticon-
vulsants, such as carbamazepine. For patients with hemifacial spasm, botulinum
toxin injection is the recommended initial treatment and often leads to a satisfactory
regression of the spasms. If these treatments fail, a microvascular decompression
operation is indicated. The aim of the procedure is to separate the irritating vessel
from the nerve and to keep these structures apart permanently. There is hardly any
available evidence on these treatment strategies from randomized controlled trials.

Conclusion: Nerve compression syndromes in the posterior cranial fossa can
generally be treated nonsurgically at first. Over the course of the condition, however,
treatment failure or intolerable side effects may arise. In such cases, a microvascu-
lar decompression operation is indicated. This is a causally directed form of treat-
ment that generally yields very good results.
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characterized by functional disturbances of

individual cranial nerves. The most common com-
pression syndrome affects the trigeminal nerve and leads
to trigeminal neuralgia, followed by hemifacial spasm,
which is caused by vascular compression of the facial
nerve. Less well-known nerve compression syndromes
affect the glossopharyngeal nerve, the nervus intermedius
and the vestibulocochlear nerve. Very rarely, the
oculomotor nerve or the abducens nerve is involved.

A single pathophysiological mechanism underlies
all of these compression syndromes. In the area of the
root entry zone or root exit zone (REZ) of the relevant
cranial nerve at the brainstem, the nerve comes into
contact with a blood vessel—usually an artery, less
commonly a vein. This is a natural weak point of the
nerve, the site of transition between central and
peripheral myelin. The nerve is especially sensitive to
mechanical irritation here, which provokes the
clinical symptoms of nerve compression.

In this review, we discuss the individual neuro-
vascular compression syndromes of the posterior
fossa and various corresponding modes of
treatment.

N eurovascular compression syndromes are clinically

Methods

A literature search was carried out in PubMed with the
following search terms: “neurovascular compression syn-
drome,” “cranial neuralgia,” “trigeminal neuralgia,”
“hemifacial spasm,” “glossopharyngeal neuralgia,”
“vestibular nerve compression,” “vestibular paroxy-
smia,” “intermedius neuralgia” and “microvascular de-
compression.” For this review, we mainly considered
large-scale studies carried out in the past 20 years. There
is hardly any evidence available from randomized con-
trolled trials on treatment strategies for these compression
syndromes. In particular, the evidence for the utility of in-
terventional and invasive treatments is based mainly on
longitudinal follow-up studies evaluating the long-term
results in patient cohorts of variable sizes.

LLINT3

Diagnostic evaluation

Whenever a nerve compression syndrome is suspected,
magnetic resonance imaging (MRI) of the brain should
be performed, with particular attention to the posterior
fossa. High-resolution 3D-T2-weighted sequences,
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Figure 1: Magnetic resonance imaging in hemifacial spasm.
a) The TOF (time of flight) and b) CISS (constructive interference in steady-state) sequences in the axial plane clearly reveal vascular compres-
sion of the facial nerve (arrow, F) by the posterior inferior cerebellar artery (arrowhead, P)

such as the CISS (constructive interference in
steady-state) sequence, should be obtained, as well as
3D-TOF (time-of-flight) MR angiography, in order to
distinguish reliably between arterial and venous com-
pression (Figure 1) (1, 2, el). MRI also serves to rule
out other processes that might cause the same clinical
manifestations, such as a tumor or aneurysm.

Trigeminal neuralgia

Trigeminal neuralgia is the most common neurovascu-
lar compression syndrome in the posterior fossa, with
an incidence of 4-5 cases per 100 000 persons per year
(among persons over age 60: up to 20 per 100 000 per-
sons per year ) (3, 4). It can thus be estimated that some
4200 people newly develop symptoms of trigeminal
neuralgia in Germany each year. The pain is generally
strictly unilateral, lasting a few seconds to minutes. It is
generally described as attacks of stabbing (lancinating)
pain and is usually located in the distribution of the
second or third division of the trigeminal nerve (the
maxillary or mandibular nerve). The attacks arise spon-
taneously and can also be evoked by external stimuli,
including touching the face or chewing. Spontaneous
remission for months or years can occur. Over the
course of time, the attacks may become more frequent
and the pain longer-lasting (5). A distinction is drawn
between classic (idiopathic) trigeminal neuralgia and
the much less common symptomatic form of the condi-
tion. Classic trigeminal neuralgia is usually due to a
neurovascular conflict in which the trigeminal nerve is
compressed at its REZ by a blood vessel, often the su-
perior cerebellar artery (e2). Symptomatic trigeminal
neuralgia is defined as trigeminal neuralgia due to
another disease; it is found, for example, among pa-
tients with multiple sclerosis, who often have typical
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demyelinating foci in the brainstem (e3, e4). It can also
be caused by a tumor.

The primary treatment of both types of trigeminal
neuralgia is with drugs, primarily sodium-channel
blockers that are also used as antiepileptic drugs. The
scientific evidence supports the use of carbamazepine
as the drug of first choice (6, 7). In symptomatic
trigeminal neuralgia, the underlying disease should be
treated if possible (e.g., resection of a tumor). If
pharmacotherapy brings inadequate relief or causes
unacceptable side effects (e.g., fatigue, dizziness,
cognitive disturbances), then a neurosurgical pro-
cedure can be recommended, such as microvascular
decompression (MVD), percutaneous procedures
(thermocoagulation, glycerol rhizolysis, balloon com-
pression of the gasserian ganglion), or a radiosurgical
procedure (e5, e6). In our opinion, percutaneous
techniques should only be considered if there is no
demonstrable neurovascular conflict, because, when
such a conflict is present, MVD provides better and
longer-lasting success and is associated with fewer com-
plications (8-10).

MVD (also called “the Jannetta procedure,” after
the American neurosurgeon Peter Jannetta
[1932-2016]) is considered a causally directed
treatment for classic trigeminal neuralgia and has the
highest long-term success rate (11). In large-scale
case series, MVD yielded relief or improvement of
pain in 68% to more than 90% of cases (12-15,
e7—e9). Moreover, meta-analyses have shown MVD
to be clearly superior to radiosurgical treatment with
respect to early as well as long-term pain relief (16,
17). Well over 80% of patients are still free of pain
five years after MVD, and the success rate at 10 years
has been reported at over 70% (14, 15). Our experience
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TABLE 1

Results of microvascular decompression for trigeminal neuralgia*

Sex distribution Men: 72 ‘ Women: 103

Mean age (range) 62.3 years (20-89 years)

Mean duration of pain 7.8 years (1-33 years)

(range)

Outcome Immediately after surgery | Late follow-up at >1 year

(175 patients) (113 pts.); mean, 53 months

No pain 155 (88.6%) 91 (80.5%)
50% relief of pain 4 (2%) 12 (10%)

Permanent morbidity

Hearing loss 3(1.7%)

Hypesthesia 5(2.9%)

*Results from the authors’ own series of microvascular decompression surgery in 175 patients with trigemi-
nal neuralgia. Pain relief immediately after surgery and on late follow-up is shown, as is the frequency of
permanent morbidity (hearing loss and sensory loss)

Figure 2

Babinski-2 sign in
hemifacial spasm.
During the spasms,
the eyebrow rises
while the eye simul-
taneously closes

to date has shown comparably good to very good re-
sults (Table 1) (e10). There is no age limit to MVD
surgery; good results are achievable even in elderly
patients (>75 years old) (ell). Complications of the
operation are rare, including ipsilateral hearing loss or
deafness and sensory deficits. Multiple studies with
long-term follow-up have revealed permanent impair-
ment of hearing in 0.1-3% of patients (18). The risk
of cerebellar infarction is reported as less than 1% in
most case series (12, 15, 19). The mortality, across
multiple studies, is approximately 0.3% (12, 15, 18).
Finally, partial sensory rhizotomy (PSR) should be
mentioned as well. This is, in our opinion, a treatment of
last resort for intractable trigeminal neuralgia. Patients
who have already undergone multiple types of treatment
without lasting relief of pain may benefit from this sur-

gical procedure. We have had favorable results from it
in patients with multiple sclerosis (among others). In
PSR, up to two-thirds of the sensory fibers of the
trigeminal nerve are cut (13, e12). The first division of
the trigeminal nerve must not be cut, because of the
danger of neuroparalytic keratitis; thus, PSR should
only be used to treat trigeminal neuralgia of the second
and/or third divisions. The patient must be informed
preoperatively that PSR will cause numbness in the
corresponding area of the face. Our patients have not
found this distressing. There is a risk that PSR may be
followed by burning dysesthesia in the numb cutaneous
area (anesthesia dolorosa) or by difficulty eating or
chewing (20), but our patients have not experienced
these negative sequelae to date. Anesthesia dolorosa, a
rare complication of neuroablative techniques, is
difficult to treat (6).

In summary, it must be stated that the current
evidence base is inadequate for a satisfactory direct
comparison of the invasive and operative treatments
for trigeminal neuralgia (21). An extensive Cochrane
analysis published in 2011 additionally documents
this fact (22).

Hemifacial spasm

The epidemiology of hemifacial spasm has not been ex-
tensively studied to date. In a study from Olmsted
County, Minnesota, the mean annual incidence was
found to be 0.81 and 0.74 cases per 100 000 persons per
year among women and men, respectively, with a mean
prevalence of 11 per 100 000 persons (23). It can thus
be calculated that some 9000 persons in Germany now
suffer from this condition. Hemifacial spasm is charac-
terized by involuntary, strictly unilateral tonic and/or
clonic contractions of the facial musculature, typically
including the platysma (el3). The spasms cannot be
voluntarily suppressed, and they persist during sleep.
Examination reveals the Babinski-2 sign: during the
contractions, the eyebrow rises while the eye is closed
(Figure 2). This pattern of movement cannot be
reproduced in persons without the condition (e14). The
diagnosis of hemifacial spasm can generally be made
immediately on inspection, but it can also be confirmed
electrophysiologically by the demonstration of patho-
logical lateral spreading of activation (24). A source of
additional distress to persons with this condition is that
the facial spasms are often wrongly thought to be
psychogenic (e15). The differential diagnosis of hemi-
facial spasm includes blepharospasm, facial dystonia,
tardive dyskinesia, motor tics, and synkinesia after
facial nerve injury, among other conditions (25, 26,
el6, el7).

The current state of the evidence on the treatment
of hemifacial spasm is poor. For drug therapy,
anticonvulsants are usually recommended, but they
often fail to provide adequate benefit. Botulinum
neurotoxin (BTX) injections have become the
standard symptomatic treatment. The efficacy of BTX
is based on blockade of calcium-dependent acetyl-
choline release at the neuromuscular junction, leading
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BTX is injected into the affected muscles directly; the
clinically visible effect is first seen 3—6 days after in-
jection and lasts approximately three months. Tran-
sient side effects arise in approximately 20% of pa-
tients, including ptosis, facial palsy, (rarely) diplopia,
and headache (¢19).

The only causally directed form of treatment is
MVD. In patients with marked symptoms, we recom-
mend early surgery, because some of our patients who
already displayed structural damage of the facial
nerve did not experience satisfactory regression of the
spasms. Large-scale studies have yielded very good
success rates, with postoperative freedom from
spasms in 85-90% of cases (27). These figures are
also consistent with our experience (7able 2). The
main risk of MVD for hemifacial spasm is ipsilateral
hearing loss or deafness, with a reported frequency of
1.5-8% in large case series (28, 29, €20). The rate of
deafness among our patients was 3%. We have not
seen a permanent, high-grade facial palsy over the
long term in any of our patients, but 7% of our pa-
tients have had a delayed postoperative facial palsy
arising 10—14 days after surgery—a phenomenon also
reported by other authors (30, 31, €20). It is con-
ceivable that reactivation of herpes zoster plays a role
in this phenomenon, but its cause has not yet been
clearly identified (31). Fortunately, this delayed facial
palsy generally regresses completely. In current re-
views of MVD for hemifacial spasm including data
from large numbers of patients, the risk of stroke is
estimated at 0.1%, and the mortality is also estimated
at 0.1% (27, 32, e21).

The microvascular decompression operation

In our institution, microvascular decompression is per-
formed as an endoscopically assisted microsurgical
procedure (33). This means that the main operative
moves are carried out under the operating microscope,
while the endoscope is used at certain points during the
operation as an aid to the inspection of the local
anatomy at the REZ, which often (mainly in operations
for hemifacial spasm) is less well seen under the micro-
scope alone (Figure 3). The goal of microvascular
decompression surgery is to eliminate the neurovascu-
lar conflict by separating the nerve and the compressing
vessel from each other and preventing recurrent contact
over the long term.

The procedure is carried out under general anes-
thesia through a retrosigmoid craniotomy. Continuous
neuromonitoring with facial nerve EMG and auditory
evoked potentials is mandatory (26). This enables the
early recognition of, and response to, any changes in
the function of the facial or auditory nerve. Under
microscopic vision, the cerebellopontine angle is
opened, and the target cranial nerve is exposed. Endo-
scopic inspection at this point in the operation reveals
the vascular compression very well (Figure 4). The
vessel is mobilized away from the affected nerve and
a Teflon pledget is inserted between the vessel and the
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Results of microvascular decompression for hemifacial spasm*

Sex distribution Men: 120 Women: 200

Mean age (range) 54.89 years (22-81 years)

Mean duration of symptoms 7.84 years (1-35 years)

Follow-up (FU) Immediately after surgery  FU >12 months

(320 patients) (201 patients)

- No spasms 178 (55.63%) 156 (77.61%)

— Spasms reduced by 90% 53 (16.56%) 22 (10.95%)

— Spasms reduced by 50% 62 (19.38%) 20 (9.95%)

- No improvement 27 (8.44%) 3(1.49%)
Transient Permanent

Vertigo 11 (3.2%) 2(0.6%)

Partial hearing loss 34 (10%) 8 (2.4%)

Deafness 9(2.7%) 9(2.7%)

Facial palsy (immediate) due 5(1.5%) 2 (0.6%, mild)

to surgical manipulation

Facial palsy arising after a 22 (6.5%) 1(0.3%, mild)

delay of >10 days

* Results from the authors’ own series of microvascular decompression surgery in 320 patients with hemifa-
cial spasm (a total of 339 operations, including 19 second procedures because of inadequate initial relief
or because of recurrence). The relief of spasms immediately after surgery and on late follow-up (>12
months) is shown, as is the frequency of transient and permanent morbidity on the affected side

nerve to keep these two structures apart (Figure 4). In
some cases, a Teflon sling containing the compressing
vessel is sewn up to the dura mater to keep the vessel
away from the nerve (Figure 4 d).

Glossopharyngeal neuralgia
(vago-glossopharyngeal neuralgia)
This is a rare entity, accounting for only 0.2—1.3% of all
cases of “facial pain syndrome” (34, e22). Its incidence
has been estimated at 0.7 cases per 100 000 persons per
year (4). A neurovascular conflict at the REZ of the
glossopharyngeal nerve can lead to attacks of sudden,
lancinating pain in the sensory distribution of the
auricular and pharyngeal branches of the ninth and
tenth cranial nerves (the glossopharyngeal nerve and
the vagus nerve). The pain is typically felt in the
posterior portion of the tongue, the tonsils, the pharynx,
the larynx, the middle ear, and the angle of the jaw. It
can be precipitated by triggers such as swallowing or
chewing. In rare cases, vagus involvement leads to
attacks of bradycardia, asystole, cramps, or syncopal
episodes (35). Like trigeminal neuralgia, this disorder can
go into remission and possibly relapse at a later time (36).
The diagnosis of (vago-)glossopharyngeal neuralgia
is made on clinical grounds; it can be additionally con-
firmed by immediate suppression of pain during an
attack by local anesthesia of the throat. In differential
diagnosis, this disorder may be difficult to distinguish
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Figure 3: Endoscopically assisted microvascular decompression for

hemifacial spasm.

a) Inspection through the endoscope reveals vascular compression of
the facial nerve (F) by a loop of the posterior inferior cerebellar
artery (P), while the anterior inferior cerebellar artery (A) courses
parallel to the nerve.

b) Inspection through the operating microscope reveals the posterior
inferior cerebellar artery (P) but does not directly reveal the site of
compression, which is hidden behind the lower cranial nerve group
(cranial nerve IX, the glossopharyngeal nerve, and cranial nerve X,
the vagus nerve).

c) After mobilization of the artery (P), inspection through the endoscope
reveals that the facial nerve (F) is paper-thin after years of compres-
sion (14 years of symptoms) (arrow). The brainstem vessels are
visible through the flattened, translucent nerve.

d) Two Teflon pledgets have been interposed between the posterior in-
ferior cerebellar artery (P) and the facial nerve (F) to hold these two
structures apart without touching the nerve at the site of its previous
compression. The hemifacial spasm finally regressed 13 months
after surgery; the long delay may be due to the severe structural
change of the facial nerve as a result of its longstanding compres-
sion. The anterior inferior cerebellar artery (A) is marked as well.

Figure 4: Endoscopically assisted microvascular decompression for

trigeminal neuralgia.

a) View of the trigeminal nerve (T) and the superior cerebellar artery
(S) through the operating microscope.

b) Inspection through the endoscope (0° optics), revealing the entire
cisternal course of the trigeminal nerve (T) and the superior
cerebellar artery (S).

c) Inspection through the endoscope with 30° optics reveals severe
vascular compression of the trigeminal nerve (T) by the elongated
loop of the superior cerebellar artery (S).

d) The superior cerebellar artery (S) has been transposed and sewn
upward toward the tentorium with a loop of Teflon. Ideally, the tri-
geminal nerve (T) should be entirely free after the decompression,
without any contact either with the vessel or with the Teflon pledget.
The abducens nerve (arrow A) and the vestibulocochlear nerve (V)
can be seen in the vicinity.

from trigeminal neuralgia, because the affected areas
are adjacent and the pain is of similar quality. Further
differential diagnoses include superior laryngeal neural-
gia and nervus intermedius neuralgia. The main form of
conservative treatment is with anticonvulsant drugs,
which can also be combined with antidepressants (e23).
Surgical treatment by microvascular decompression
should be considered the gold standard of treatment
(37); further options include radiofrequency ablation
and radiosurgery (38). The reported success rate of
microvascular decompression is over 90% (34, 39, 40).

Neurovascular compression of the eighth cranial
nerve

A series of microvascular decompression operations to
relieve compression of the eighth cranial nerve was
already reported on by Jannetta, who popularized the

MVD procedure in the 1970s and -80s (11, e24). He
found that some patients with vertigo profit from the
operation, but that it was ineffective against tinnitus. It
is still debated whether either of these symptoms is ever
caused by neurovascular compression. Any potential
case requires very precise neurophysiological, neu-
roradiological, and clinical evaluation (¢25). Only a
few studies have been dedicated to this topic (e26, €27).
A clinically significant entity is vestibular paroxysmia,
which is characterized by attacks of rotational or sway-
ing vertigo lasting from a few seconds to one minute
(e26). Drugs (mainly carbamazepine) are the first line
of treatment, and MVD can be considered in intractable
cases. No statement can be made about a potential
association of chronic tinnitus with a neurovascular
conflict. In a systematic review by Nash et al., the suc-
cess rate for the treatment of tinnitus as an isolated
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Key messages

® The most common nerve compression syndrome in the
posterior cranial fossa is trigeminal neuralgia, followed by
hemifacial spasm.

® Neurovascular compression syndromes are generally due to
compression of a cranial nerve by an artery or vein at the
root entry or exit zone (REZ) near the brainstem.

® |n patients with typical clinical manifestations, the diagnosis
can be confirmed by high-resolution 3D-MRI.

® Most nerve compression syndromes are treated with drugs at
first, e.g., trigeminal neuralgia with carbamazepine and
hemifacial spasm with botulinum toxin injections.

® Microvascular decompression is the only causally directed
treatment of these conditions and should be considered early
in patients for whom pharmacotherapy is insufficiently effec-
tive or causes unacceptable side effects.

symptom was 60%—a figure based on a total of only
43 cases culled from an extensive literature search
(e27).

Nervus intermedius neuralgia

Nervus intermedius neuralgia, also called geniculate
neuralgia, is a very rare condition. Only 174 cases were
described from 1932 to 2018 (e28-e30). It is character-
ized by brief attacks of stabbing deep-seated ear pain
(e31). The pain may be accompanied by lacrimation
and taste sensations. The condition is usually due to
vascular compression of the nervus intermedius, but
can also be caused by herpes zoster. Aside from micro-
vascular decompression, transection of the nervus
intermedius is also recommended as a treatment for
medically intractable cases. Unfortunately, because of
the rarity of nervus intermedius neuralgia, the evidence
base for its treatment is very small (€28-30).

Overview

The most common neurovascular compression syn-
drome is trigeminal neuralgia, followed by hemifacial
spasm. High-resolution 3D-MRI is now available and
enables reliable confirmation of the diagnosis in
patients with typical clinical manifestations. Micro-
vascular decompression can then be carried out as a
causally directed treatment. Patients for whom conser-
vative therapy is insufficiently effective should be in-
formed early about the option of surgical treatment.
(Vago-)glossopharyngeal neuralgia, a rare condition,
can also be treated surgically with MVD; the operation
is indicated for patients with medically intractable
symptoms.

Vestibular paroxysmia is due to compression of the
eighth cranial nerve. Tinnitus, too, has been relieved
by MVD in a few reported cases, but the evidence
available from the literature does not permit any clear
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recommendation. A neurovascular conflict involving
the eighth cranial nerve that has been revealed by an
imaging study should be considered critically, as such
findings are common in asymptomatic persons as
well. The current state of knowledge suggests that
nervus intermedius neuralgia and carbamazepine-
responsive vestibular paroxysmia are potential indi-
cations for MVD.
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