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Magnetic resonance imaging and angiography in hemifacial spasm
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Summary. We used magnetic resonance imaging (MRI)
and magnetic resonance angiography (MRA) to investi-
gate 14 patients with unilateral hemifacial spasm (HS)
and 20 controls. The relationship of the seventh and
eighth cranial nerves to adjacent vessels was best vis-
ualized on the contiguous flow sensitive 3D-FISP images.
Reconstruction of projectional MR A was helpful to assess
the complex architecture of the vertebrobasilar system.
Neurovascular contact in the facial nerve root exit zone
was present in 4 of 20 controls and in 12 of 14 patients, in
whom it predicted the affected side. These results support
previous findings of surgical and electrophysiological in-
vestigations that local irriation of the facial nerve is the
most possible explanation for HS. MRl and MRA provide
vascular and brain tissue diagnosis in a single non-invasive
examination and should be recommended as primary
ncuroradiological procedure in HS.
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Hemifacial spasm (HS) is a disease of middle and later life,
characterized by involuntary, paroxysmal, painless con-
tractions of the muscles innervated by the seventh cranial
nerve [1]. It is rarely (<2 %) caused by tumours, anecu-
rysms or arteriovenous malformations in the cerebello-
pontine angle [2-4]. In the majority of cases there is no evi-
dence of a structural lesion and HS in the past was
considered idiopathic [5]. Based on surgical findings it is
now widely accepted that compression of the facial nerve
near its root exit zone (REZ) on the caudal brain stem by
loops of otherwise normal-appearing vessels is the most
frequent cause. The vertebral (VA), posterior cerebellar
(PICA) or anterior cercbellar arterics (AICA) and less
commonly the cochlear or basilar arteries (BA) or veins
have been described as responsible for HS [6-8]. CT has
been effective in delineation of tortuous, ectatic, dilated
vascular channel crossing the brain stem from one cere-
bellopontine angle to the other side [9]. CT and X-ray an-
giography were used in the diagnosis of HS, primarily to

exclude posterior fossa tumours and vascular malforma-
tions. Routine CT techniques are inadequate to delineate
the facial nerve in relation to smaller vessels and X-ray an-
giography does not visualize neural structures [10-12].

Recent reports have emphasized the potential of con-
ventional magnetic resonance (MR) techniques for dem-
onstration of neurovascular contact in HS and in trigemi-
nal neuralgia [13-15].

We introduced a high-resolution, non-invasive MR an-
giography (MRA) protocol into routine HS diagnosis to
cvaluate the potential of combined MR imaging (MRI)
and MRA in diagnosis of HS.

Methods

Between May 1988 and December 1989, 14 patients with unilateral
HS entered a combined MRI/MRA study. All had “cssential™ HS,
documented by neurological examination, absence of posterior cra-
nial fossa masses on CT and [ollow-up for at least 2 years. There
were 8 women and 6 men, aged 46-69 years (mean 57 years). Dura-
tion of the discase ranged from 21022 years withamean of 7.3 years.

Table 1. MRI and MRA findingsin 14 paticnts with unilateral hemi-
facial spasm (HS)

Agefsex  HSside/duration  Tortuosity ofl VA/IBA  NVC/REZ
(vears) (side of convexity)

52/m L (4.5) VA (L)/BA (R) VA (L)
58/m L (4.0) VA (L)BA (R) VA (L)
55/m L (3.5) VA (L)/BA (R) VA (L)
64/t L(11) VA (L)/BA (R) VA (L)
6211 L (9.0) VA (L) VA (L)
46/1 L (2.0) VA (L)YBA (R) PICA (L)
501 R (9.0) VA (R)/BA (L) PICA (R)
69/1 L (8.5) VA (L) PICA (L)
48/m L (4.0) VA (L) PICA (L)
671 R (12) VA (L)YBA (R) AICA (R)
59/m R (2.0) Normal PICA (R)
591 L(22) Normal PICA (L)
52/m R (4.5) Normal Normal
49/1 R (6.0) Normal Normal

NV, Neurovascular contact; REZ, root exil zone; VA, vertebral
artery; BA, basilar artery: f, female; m, male; R, right; L, Left



414

24 : : j #fh e b \ I._ %

Fig.1a—c. A 58-year-old patient, left hemifacial spasm (HS) for
4 years. aT2-weighted image shows the vertebral artery (VA) ex-
tending into the left cerebellopontine angle, compressing the brain
stem and the facial nerve root exit zone (REZ) farrow). b Repre-
sentative 1.1 mm slice of the 3D-FISP acquisition at same level dis-
plays the VA with high signal intensity and better delincates the dis-
placed facial nerve on the left (arrow). ¢ Projectional magnetic
resonance angiography (MAR), viewed 45° from below inanantero-
posterior direction (calculated from the 3D-FISP 88 images in b)
shows tortuous elongation of the VA and basilar artery (BA) with
lelt and right convexity respectively. Note also non-visualization of
the right VA

In 5 cases HS affected the right facial muscles and in 9 the left. In-
formed consent was obtained in all patients.

The MR investigations were performed ona 1.5 T unit, equipped
witha 10 mT gradient system using a circular polarized, transmit/re-
ceive head coil (FOV =23 ecm). The examination protocol consisted
of sagittal Tl-weighted (TR = 500/TE = 15/NEX = 2) and transverse
long TR short and long TE (TR = 2400/TE = 15,90/NEX = 1) multi-
slice spin-ccho (SE) sequences with 5-mmislice thickness. A 3D-FISP
scquence was used for MRA in transverse orientation to provide in-
flow enhancement of unsaturated spins. Motion-induced signal loss
due to phase cffects was compensated by refocussing gradients for
constant velocities in slice-select and read-out direction. Small FOV
(20-23 em) and short TE (7 ms) minimized intravoxel phase disper-
sion related to higher order motion and susceptibility effects. Se-
quence parameters had been empirically adjusted to maximize con-
trast between moving blood and stationary tissue (TR =40 ms, 157).
The excitation volume (6.4-7 cm) was divided by 64 phase-cncoding
steps into contiguous, 1- to 1.2-mm slices. The individual MRA im-
ages (Figs.2b,3a,b,4a,b, 5a,b) were postprocessed by a previously
described ray-tracer algorithm [16] to projectional MRA (Fig.2¢).
We calculated 36 projections at 10” increments in the x and y axes
[17-21]. The MRI and MRA were assessed for the presence of intra-
cranial abnormalities, visualization of the VII cranial nerve and ves-
sels indenting the REZ of the facial nerves by two of us (S.E., G.B.)
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Fig.2a-c. A 6Y-year-old patient, with left HS for 8.5 years. a,b Ad-
jacent 1.1 mm slices of the 3D-FISP acquisition. A loop of the poste-
rior inferior cerebellar artery (PICA) is pushed upwards between
the seventh and eighth cranial nerves, indenting the REZ of the fa-
cial nerve from below (b). Its origin from the VA is demonstrated in
afarrow). ¢ Thereconstructed MRA, viewed 60° from below, shows
opposite convexily of the VA and BA as well as the cranial loop of
the PICA on the lelt side (arrow)

blinded to the symptomaticside. The REZ was anatomically defined
as the central and anterior portion of the facial nerve. In addition, the
MRA of 20 patients suffering from arteriosclerotic discase (49-
75 yearsofage), without evidence of HS, werereviewed fornecurovas-
cular contact at the Tacial nerve REZ.

Table 2. MRI and MRA findings of ncurovascular contact at the
root exit zone in 14 patients with unilateral HS

Necurovascular contact MRI MRA
TI/T2SE 3D-FISP
sequences

Tortuous VA 8 5

Branches pushed up against the

REZ by a tortuous VA or BA

PICA 1 4
AICA 1
PICA loop 1 2
Normal 4 2

BA, Basilar artery; VA, vertebral artery; REZ, root exit zone;
AICA, PICA anterior and posterior inferior cercbellar arteries
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Fig.3a—¢c. A 67-year-old patient, HS on the right for 12 years.
a,b Two representative 1 mm slices of the 3D-FISP sequence. The
REZ of the right facial nerve is indented by the anterior inferior
cercbellar artery (AICA) (arrow ina), scen originating from the BA
farrow inb). ¢ The reconstructed projection (45° from above) MRA
confirms the extensive elongation of the VA and BA. The origin of
the symptomatic AICA is better demonstrated than on the 2D-
cross-sections (arrow)

Fig.4a-c. A 59-ycar-old patient with a 2-year history of right HS.
a, b Adjacent 3D-FISP 1.2 mm slices show the BA in the midline.
There is indentation of the right facial nerve REZ by a cranial loop
of the right PICA (arrows). ¢ Reconstructed MRA, projected 55°
from below, shows the normal course of the BA but fails to demon-
strate the right PICA

Results

All MRI/MRA examinations were of diagnostic quality.
There were no posterior cranial fossa masses, brain stem
abnormalities or lesions within the corticobulbar tracts.
The common course of the seventh and eighth cranial
nerves from the lower brain stem to the internal auditory
canal was seen best on 3D-FISP images. The vertebroba-
silar system of 10 of the 14 patients showed tortuous
clongation, demonstrated equally on SE and MRA im-
ages. All elongated VAs extended into the cerebellopon-
tine angle; in 9 of the 10 cases the convexity pointed to the
symptomatic facial nerve. Contralateral convexity of the
BA was presentin 7 of these 10 patients but only one con-
vex BA was directed towards the symptomatic facial
nerve.

Vesscls crossing the REZ of the facial nerve were noted
by both readers in 10 of 14 SE studies and 12 of 14 MRA
examinations (Table 1). Neurovascular contact was al-
ways on the side affected by HS. No patient had evidence
of neurovascular contact at the REZ on the asymptomatic
side. Four of 20 age-matched controls without HS had ves-
sels crossing the facial nerve REZ.

Contact between the REZ and an clongated VA and/or
displaced branches was found in 10 patients. MRA was
significantly more precise than MRI (Table 2) in differen-
tiating direct neurovascular contact by the VA (Fig.1)
from branches pushed up against the REZ by a tortuous
VA (Figs.2,3). In 2 patients neurovascular contact was
caused by a prominent loop of an anatomically dominant
PICA (Fig.4).

Discussion

The results of microsurgical ncurovascular decompres-
sion, supported by electrophysiological data, indicate that
contact between the facial nerve REZ and vascular struc-
tures is the most likely cause of “essential” HS [1,22].
Continuous or pulsatile compression is thought to cause
focal demyelination at the junction between central and
peripheral myelin (REZ) leading 1o increased neuronal
discharge in the facial nucleus via ephaptic transmission
and/or antidromic stimulation [23]. However, in some pa-
tients, surgery remains exploratory and recent reports of
HS caused by nuclear and supranuclear parenchymal le-
sions underline that more than onc anatomical location
may be involved in pathogenesis [24, 25].
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The advantages of MRI in the investigation of the cra-
nial nerves and their relationship to adjacent vessels have
already been recognized [14,15]. Routinely applied
2D-SE-sequence techniques show vascular structures as
dark, due totime-of-flight effects, which limits the differen-
tiation of smaller vessels from CSF or brain parenchyma.
The results of our prospective study demonstrate that sen-
sitivity towards small vessels could be significantly im-
provedby theusc of high-resolution 3D-MR A sequences.

Neurovascular contact was observed on MRA in 86 %
and on SE images in 71% of patients. In addition, the
vessel responsible for neurovascular contact was deli-
neated more precisely on MRA. On 3 occasions SE im-
ages showed a redundant VA, but MRA changed the di-
agnosis into a dislocated PICA, pushed towards the
REZ.

Of 46 HS paticnts studicd by CT 36 had dolichoverte-
brobasilar arteries whose convexity was on the side of the
spasms in 92 % [26]. In our series convexity of the VA had
high correlation with clinical lateralization, whereas con-
vexity of the BA correctly indicated the symptomatic side
inonly 1 patient. Differentiation of neurovascular contact
due to the vertebrobasilar artery or to dislocated branches
was superior on high-resolution 3D-FISP images, which
also showed looping branches of a normal VA or BA.
Anatomical factors such as a dominant PICA or AICA
can be responsible for the occurrence HS [11].

Flow-sensitive FISP images were more informative
than projectional MRA. Some of the fine vascular details
lost by the ray-tracing algorithm were adequately de-
picted by the original 3D-FISP images (Fig. 4).

Like conventional X-ray angiography, projectional
MRA selectively displays vascular structures and is there-
fore not capable of showing the relationship of vessels to
neural tissue. This explains why X-ray angiography is re-
ported as normal in most cases of “essential” HS [L1].
Since MRA is calculated from individual cross-sectional
images, this technique combines the advantages of both
parenchymal diagnosis and projectional angiograms.

Vascular enhancement occurred primarily in arteries.
The spatial resolution of 0.8 x 0.8 x 1-1.2 mm restricted
visualization of smaller branches, and explains negative
results in 2 patients,

Positive neurovascular contact on MRA was on the af-
fected side in all 12 patients. None had evidence of vessels
crossing the contralateral REZ or other lesions within the
facial nucleus or supranuclear pathways. This supports the
assumption that pulsatile compression is a major patho-
physiological mechanism for HS. However, presence of
neurovascular contact is not specific for HS: 4 of 20 con-
trol patients suffering from arteriosclerotic disease and
verlebrobasilarischacmia, without HS, showed neurovas-
cular contact at the facial nerve REZ. Little information
exists about the time necessary for pulsatile compression
to produce HS and asymptomatic neurovascular contact
therefore may represent a “pre-HS” state.

Since more than one locus may be involved in the pa-
thogenesis of HS [1] therapeutic decisions require diag-
nosis of morphology as well as vascular structures. We sug-
gestthatanon-invasive diagnosticapproachbyacombined
MRI/MRA protocol improves our understanding of pa-
thophysiologicalmechanismsleadingto HS.
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