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Abstract

Background and purpose: The purpose of this article is to assess the validity of the
magnetic resonance imaging (MRI) CISS 3D sequence associated with 3D time of flight
(TOF) angiographic sequence in order to detect neurovascular contact (NVC) between the
facial nerve and neighbouring arteries in patients with essential hemifacial spasm (HFS
and to determine the relationship between HFS symptoms and NVC and NVC image
features (type, number and site).

Materials and methods: We prospectively enrolled 120 cerebellopontine angle (CPA) MRI
studies, 44 cases with HFS symptoms and 76 which were asymptomatic (controls), using
axial T2-weighted (CISS and axial 3D TOF series with associated Maximal intensity (MIP)
reconstructions. Prior TOF angiographic studies were available for 56 cases without
associated CISSimages and the results obtained from that study were compared with the
results of the current study.

Results: The diagnostic values obtained significantly favoured the protocol used in this
study, which demonstrated a sensitivity of 77.27%and a specificity of 75% There was a
statistically significant relationship between the presence of NVC and HFS symptoms
(p<0.0001). Only one statistically significant relationship was found between facial nerve
displacement (in type of NVC) and HFS symptoms (p=0.019).

Conclusions: The proposed MRI protocol issensitive and valid for detecting NVCin patients
with HFS The results of our study support arelationship between NVC and HFSsymptoms.
It is not a simple relationship, however. It may be influenced by other factors, such as
displacement of the facial nerve due to NVC.

© 2009 Sociedad Espariola de Neurologia. Published by Hsevier Espafna, SL. All rights
reserved.
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Resumen

Objetivos: Evaluar la validez de la secuencia CISS 3D de resonancia magnética (RM) en
relacién con secuencias angiograficas TOF 3D para la deteccién del contacto neurovascu-
lar (CNV) entre el nervio facial y las arterias vecinas en pacientes con espasmo hemifacial
esencial (EHE) y determinar la asociacién entre la presencia de sintomas de EHEy el CNV
y las caracteristicas de imagen del CNV (tipo, numero y localizacién).

Material y métodos: Se han estudiado prospectivamente 120 angulos pontocerebelosos
(APC), 44 con clinica de EHE y 76 asintomaticos (controles), mediante el empleo de una
serie axial potenciada en T2 (CISS y una serie axial con técnica angiografica TOF 3D con
reconstrucciones MIP; 56 de estos APC tenian un estudio angiografico TOF previo y se
compararon sus resultados con los del estudio actual.

Resultados: Los valores diagndésticos obtenidos fueron significativos a favor del protocolo
del presente trabajo que mostré una sensibilidad del 77,27%y una especificidad del 75%
Se demostré una asociacion estadisticamente significativa entre la presencia de CNVy la
clinica de EHE (p < 0,0001). Entre las caracteristicas del CNV estudiadas, Unicamente se
hall6 una asociacion estadisticamente significativa entre el desplazamiento del nervio
facial (dentro de tipo de CNV) y la clinica de EHE (p = 0,019).

Conclusiones: H protocolo de RM propuesto es sensible y valido para detectar CNV en
pacientes con EHE. Los resultados de nuestro estudio apoyan la asociacion entre el CNV
y la clinica de EHE, si bien no se trata de una asociacion simple, sino que puede estar
influida por otros factores, como el desplazamiento del nervio facial producido por el

CNV.

© 2009 Sociedad Espanola de Neurologia. Publicado por Elsevier Espana, SL. Todos los

derechos reservados.

Introduction

Hemifacial spasmisasyndrome characterised by involuntary,
tonic and clonic contractions of muscles innervated by the
homolateral facial nerve. Some cases may be secondary to
peripheral facial paralysis or to expansive processes of the
posterior cranial fossa that compress the facial nerve,
However, the majority of cases are considered to be
idiopathic or essential (essential hemifacial spasm, HFS). To
date, the most widely accepted, best developed hypothesis
to explain these essential forms is that of neurovascular
contact (NVC) between the facial nerve and adjacent
vessels of the cerebellopontine angle (CPA) cistern,'* which
would produce a microscopic myelin lesion in the nerve and
subsequently lead to abnormal nervous stimulation
dissemination and muscular hyperactivity.

This hypothesis, formulated from a neurosurgery
standpoint, is not without controversy, mainly from that
same environment.® There are questions, not as to the
pathogenic role of NVC, but concerning its consideration as
simple and unique.

There have been technological advances in magnetic
resonance imaging (MRI), with the development of different
sequences and improvements that make possible images
with higher spatial resolution and contrast. Thanksto these
advances, we can currently use this imaging technique to
study NVC, itsimage characteristicsand potential diagnostic
and clinical correlationsin an attempt to better understand
the pathogenesis of HFS To do this, it is necessary to use

appropriate sequences that make it possible to identify
those small structures involved in NVC. Therefore, T2-
weighted sequences with high spatial resolution, such as
the constructive interference at steady-state (CISS
sequence, are effective tools.&"0

The CISSsequence is a 3D gradient echo sequence which,
through the use of very thin sections (0.7-1mm), provides
high spatial resolution. Due to its high T2-weighing, it also
offers excellent contrast between cerebrospinal fluid (CSF)
and soft tissues. For these reasons, it is an ideal sequence
for the study of the cisternal segment of cranial nerves. s
In the images obtained by this sequence, cranial nerves and
vessels are visualised as hypointense linear structures
surrounded by the hyperintense CSF so that their contours
are very well defined (fig. 1). The combination with
angiographic sequences also enables correct, easy
identification of the vessels causing the NVC. ¢

One purpose of this study was to evaluate the validity of
the MRI protocol for 3D CISSsequences with 3D TOF (time of
flight) angiographic sequences used for NVC detection. A
second objective wasto determine the relationship between
NVC, itsimaging characteristics (type, number and location)
and HFS symptoms.

Material and methods

We conducted a clinical and radiological descriptive study
with prospective patient recruitment. The target population
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Figure 1

Patient with left essential hemifacial spasm: neurovascular contact between the anterior inferior cerebellar artery (1)

and the distal cisternal portion of the facial nerve (2) of the left side. A: CISSsequence. B: TOF angiographic sequence. C: coronal

MIP reconstruction of the vertebrobasilar system.

comprised the set of patients a) with HFSdiagnosis; b) with
clinical monitoring for a period of at least 3 months at the
Movement Disorders Unit at the Neurology Department in
the Basurto Hospital, in Bilbao; and ¢) who attended from
November 2005 until November 2006. This included 42
patients with HFS (40 with unilateral clinical manifestations
and 2 with bilateral), and 18 asymptomatic subjects
(controls); in total, 60 patients were included in the study.
Table 1 lists the characteristics of the studied series.

Either two anatomical sides or the CPA were studied for
each patient, making a total of 120. The symptomatic CPA
of patients with HFS were used as cases (n=44). As the
control group, we used the asymptomatic CPAof these same

Table 1 Demographic characteristics of patientsincluded

HFS Controls
Patients 42 18
Male 16 (38.1% 8 (44.44%
Females 26 (61.9%9 10 (55.55%
Age (years) 64.45+12.86 51.27+14.58
[38-85] [29-74]
Time until HFS diagnostic 52.92+0.06 —
(months) [1-240]
Clinical laterality
Right 15 (35.7% —
Left 25 (59.5% —
Bilateral 2 (4.8% —

The data express n (%, meanzstandard deviation
[interquartile range].

patients (n=40) plus the 2 CPA of the control subjects (2 ?
18=36), thus having a total of 76 controls.

Patients were studied using the 1.5 Tesla MRl device
(Semens Symphony) at the Radiology Department in the
Basurto Hospital. To rule out disease processes that could
cause the symptoms, contrast-enhanced T1, T2 and FLAIR
series were obtained and a diffusion study of the entire
brain was carried out. A3D CISSaxial series (TR, 11.92 ms;
TE5.96 ms; section thickness, 0.70 mm; field of view (FOV),
190 mm; matrix 192 ? 256; flip angle, 70°; sections per
block, 40) was performed to identify the facial nerve and
the CNV. In addition, a 3D TOF angiographic technique axial
series (TR, 39ms; TE 5.02 ms; section thickness, 0.80 mm;
FOV, 200 mm; matrix 192 ?256; sections per block, 32) with
MIP reconstructions in the axial and coronal planes (fig. 1)
was performed to identify the artery causing the NVC.

Two radiologistsblinded to clinical diagnosisand laterality
carried out an independent double reading of the MRI study;
in cases of disagreement, they made ajoint reading and the
final conclusion was decided by consensus. We calculated
the degree of non-random agreement between the two
radiologists for NVC presence and causal artery through the
kappa coefficient.

We determined NVC presence or absence between the
facial nerve and adjacent CPA arteries and analysed the
following image characteristics of the NVCin those casesin
which it was present:

o NVC Type: simple NVC was defined as the situation where
the facial nerve and artery come into contact and the
course of the nerve is normal; nerve displacement is
considered when the artery produces a displacement or
deformity in its exit from the protuberance or in its
cisternal pathway (fig. 2).



290

M. Gorrifio Angulo et al

Figure 2 Type of neurovascular contact (NVC). A: Smple NVC. B: NVC with facial nerve displacement. Arrows indicate the point

of NVC.

Figure 3 Number of neurovascular contacts (NVC) per nerve. A: Sngle NVC. B: Multiple NVC. The arrows indicate the points

of NVC.

e Number of NVC per nerve: single NVC was defined when
only a single point of contact with the facial nerve is
detected; multiple CNV is considered when several points
of contact are identified in the same nerve (produced by
the same artery or by different arteries) (fig. 3).

o NVC location: the pathway of the facial nerve (divided
intotwo parts) in whichthe NVCoccurred wasdet ermined.
The proximal cisternal segment extends from the exit of
the nerve from the protuberance to the proximal third of
its cisternal pathway; the distal cisternal segment
includes the distal two thirds of the cisternal segment of
the nerve and its intracanalicular course within the
internal auditory canal (fig. 4).

The imaging findings were then correlated with clinical
data. The associations between NVC presence in MR, its
imaging characteristics and the presence of HFSsymptoms
were determined by the Pearson x? test or the Fisher
exact test, as appropriate; p<0.05 was considered
significant.

Among the 60 patients included in the study, 28
(corresponding to 56 CPA) with HFShad also had a previous

3D TOF angiography performed to search for NVC between
the facial nerve and surrounding arteries, without the use
of a CISSsequence. Their results were compared with those
of the current study (CISS + TOF sequences) by calculating
95% confidence intervals (Cl) for the difference of
proportions; we considered the difference statistically
significant when the interval did not include the value 0.

Results

Using our study protocol, the facial nerve was identified
and the eighth cranial nerve was singled out correctly in
100%0f cases. The relationship to neighbouring arteries was
also established (that is, whether or not there was NVC). In
cases of CNV, the causal artery was determined in 100%

Figure 5 shows the relationship between NVC presence
and HFS symptoms. Among the 120 CPA explored, there
were atotal of 53 NVC, 34 symptomatic and 19 asymptomatic
(false positives). Inthe remaining CPA, no NVCwasdetected;
among these, 57 corresponded to asymptomatic nerves and
10 to symptomatic nerves (false negatives).
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Figure 4 Location of neurovascular contact (NVC). A: NVC in the proximal cisternal segment of the facial nerve. B: NVCin the
distal cisternal segment of the facial nerve. Arrows indicate the point of NVC.

_ [ Symptomatic
1 Asymptomatic
34
NVC
19
10
No NVC
57
l l I I | |
0 10 20 30 40 50 60

Figure 5 Association between the presence of neurovascular
contact on MRl and symptoms of essential hemifacial spasm in
the 120 cerebellopontine angles explored.

The anterior inferior cerebellar artery (AICA) was the
artery most frequently involved in cases of NVC (in 60.37%,
followed at a distance by the posterior inferior cerebellar

artery (PICA) (15.1% of cases) and the vertebral artery
(13.2% of cases). In the rest, NVC was produced by the
basilar artery (5.66%), superior cerebellar artery (1.9% and
by combinations of AICA and PICA (1.9% and of AICA and
basilar artery (1.9%.

The concordance obtained for the interpretation of the
MRI between the two independent observers was very good,
with a kappa value of 0.828 for the presence of NVC and
0.962 for the identification of the causal artery.

Table 2 compares the diagnostic values for NVC
detection obtained with this study protocol (CISS + TOF
sequences) and those obtained in previous TOF
angiography studies. The sensitivity, negative predictive
value (NPV) and global test value (GTV) were significantly
higher with the protocol including the CISSsequence (95%
Cl for sensitivity, 24.4-63.9; for NPV, 14.5-47.5; for GTV,
2.3-31.6). However, the specificity and positive predictive
value (PPV) were higher in the previous TOF angiographic
study, although the difference did not reach statistical
significance (for specificity, —1.1-29.4; for PPV, —14-
36.4).

When correlating the imaging findings with clinical data,
we detected a statistically significant association between
MRl findings of NVC and the presence of HFS symptoms
(p<0.0001). With respect to imaging characteristics of NVC
and its association with the presence of HFSsymptoms, the
findings obtained by analysing the 53 cases of MRI-detected
NVC were the following:

Table 2 Diagnostic values of the present study protocol (CISS+ TOF) and of the prior angiography study

Sensitivity Secificity

PPV NPV GTV

CISSHTOF (n=120)
TOF (n=56)

77.27 [63-87.2)
30 [16.7-47.9]

75 [64.2-83.4]
92.3[75.9-97.9]

64.15 [50.7-75.7]
81.81[52.3-94.9)]

85.1 [74.7-91.7]
53.33 [39.1-67.1]

75.83 [67.4-82.6]
58.92 [45.9-70.8]

GTV: global test value; NPV: negative predictive value; PPV: positive predictive value.

The data express median [interquartile range].
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Figure 6 Association between the type of neurovascular
contact (NVC) and symptoms of essential hemifacial spasm in
the 53 cases of NVC detected.

e NVC type: all cases of MRI-detected facial nerve
displacement were symptomatic. However, the simple
NVC were both symptomatic and asymptomatic (fig. 6),
with a statistically significant association between the
presence of facial nerve displacement and the presence
of HFS symptoms (p=0.019).

o Number of NVC per nerve: we identified both single and
multiple NVC that were symptomatic and asymptomatic
(fig. 7), with no statistically significant differences being

29
Single NVC
17
5
Multiple NVC
2
[ Symptomatic
[J Asymptomatic

Figure 7 Association between the number of neurovascular
contacts (NVC) per nerve and symptoms of essential hemifacial
spasm in the 53 cases of NVC detected.
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Figure 8 Association between the location of neurovascular
contact (NVC) and symptoms of essential hemifacial spasm in
the 53 cases of NVC detected.

observed when associated with the presence of HFS
symptoms (p=1).

e NVC location: we observed a greater number of
symptomatic NVCin the proximal cisternal portion of the
nerve than in the distal or when both locations were
present (fig. 8). However, this difference did not reach
statistical significance when associated with the presence
of HFS symptoms (p=0.194). Neither did we obtain
statistically significant differences by grouping the cases
of NVC in both locations with those in the proximal
cisternal segment (p=0.124) or by grouping them with
those in the distal cisternal segment (p=0.151).

Discussion

Currently, the most widely accepted aetiopathogenic
hypothesis for HFSis that of NVC between the facial nerve
and the adjacent vessels of the CPAcistern. This hypothesis
wasinitially formulated based on surgical findings of ectatic
and tortuous arteries that contacted the facial nerve in
patients with homolateral HFS symptoms.'* Microvascular
decompression to separate these two structures was the
proposed treatment then. According to this initial
hypothesis, the NVCthat caused the symptoms would occur
in the root exit zone, which isthe portion of the nerve most
proximal to its exit from the brain stem, where the myelin
coating is thinner because it is a transition point between
central myelin and peripheral myelin. It is, therefore, arisk
zonewhereit iseasier for the NVCto produce ademyelination
that would, in turn, lead to abnormal functional activity,
causing the HFS symptoms.

Thishypothesisisnot without controversy and hasreceived
seriouscriticism, probably the strongest fromthe neurosurgery
field itself.5 These criticisms are primarily based on the
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existence of asymptomatic NVC (the so-called false positives)
and on NVC absence in some patients with symptoms (the
so-called false negatives). These two factsindicate that this
is not a simple hypothesis, nor always present or evident. In
addition, it has been observed that HFS symptoms may occur
by NVCin a location of the nerve more distal to itsroot exit
zone,® which questions the role of NVC in HFS
aetiopathogenesis. The truth is that, as of today, the
discussion on HFS aetiopathogenesis remains open.

Today, neuroimaging (and specifically MRI) may provide
additional data to thisongoing clinical debate. To thisend, it
isnecessary to use adequate sequencesthat provide sufficient
spatial and contrast resolution to identify small structures
(the facial nerve and the adjacent vessels of the CPAcistern)
involved in NVC. Although several MRl sequences have been
employed,?? the most commonly used sequences are the
angiographic'®'® and (more recently) T2-weighted sequences
with high spatial resolution, such asthe CISSsequence.®1°

Various radiological studies have compared CISS and
angiographic sequences, and concluded that the former
provides higher spatial resolution and greater contrast
between nervesand CS; and that itssensitivity for detecting
NVC is higher than that of angiographic sequences.®'%2* Qur
study supportsthese findings since, in the comparative study
we conducted between the protocol that we propose (CISS +
TOF sequences) and the previous angiographic TOF sequence
protocol, the diagnostic values obtained were significantly
in favour of the former. With our protocol, we identified the
cisternal course of the facial nerve, its relationship with
adjacent arteries (that is, whether or not there was NVC)
and the causal artery in cases of contact in 100%of the CPA
explored. In addition, the correlation between the two MRI
readers was very good, indicating that the proposed
technique is reproducible. These data suggest that the
proposed MRI protocol is effective in detecting NVC between
the facial nerve and adjacent arteries of the CPAcistern.

Correctly identifying the vessel causing the NVC through
MRI isimportant, especially in preoperative imaging studies
within the context of HFS for which microvascular
decompression is going to be performed. The reason is that
thisinformation helpsin planning the surgical approach and
can predict the complexity and, in some cases, even the
result of the surgical intervention.®''® The artery involved
in the NVC can be identified easily with the use of a 3D TOF
angiographic sequence, aswe did in our study. Inthe present
study, the AICAwasthe artery most frequently implicated in
NVC, as in other imaging and surgical studies,'®% probably
due to the path that it follows and to its anatomical
proximity to the facial nerve.

The results of this study support the association between
NVC and the presence of HFS symptoms, since we found a
statistically significant relationship. However, NVC presence
does not always predict a HFS clinical manifestation
because, as in other studies,®®'%62 we detected cases of
asymptomatic NVC or false positives at a rate of 25%
indicating that NVCitself may not be sufficient to cause the
symptoms. It is possible that different factors such as
differences in the cortical modulation of the facial motor
nucleus, and emotional factors such as stress or genetic
susceptibility, may influence the clinical development, as
proposed by Tan et al.®

We also detected false negatives or NVC absence in
symptomatic nerves at a rate of 22.73% These false
negativescould be influenced by the fact of being contacts
caused by vessels of very small size or very slow blood
flow that the MRl was unable to visualise or by observer
errors. However, it is also true that there have been
symptomatic cases in which NVC was not observed in
surgery,5® thus supporting the hypothesis that NVC may be
intermittent in nature or that it may not always be
necessary and that other, different factors could cause
the HFS symptoms.

With respect to the various imaging features of NVC, we
found a statistically-significant association with the
presence of HFS symptoms only in cases of facial nerve
displacement, a fact already pointed out by other
authors. %81 This association suggeststhat the deformation
caused on the facial nerve would produce alarger alteration
in the myelin sheath than simple NVC, which would support
the development of the manifestations. Chung et al'® found
a statistically-significant association between facial nerve
displacement (visualised both by MRl and during surgery)
and a better outcome of microvascular decompression, so
this finding in MRl studies could help to select candidates
for surgical treatment.

We found no statistically-significant differences in the
association with the presence of HFS symptoms between
single and multiple NVC, as was also the case in the study
by Ho et al.'® This suggeststhat a greater number of contact
points on the facial nerve do not increase its excitability or
that of its nucleus.

No statistically-significant differences between the
various locations of NVC in the facial nerve were found
either, although we did detect a higher percentage of
symptomatic NVC in the proximal cisternal segment of the
nerve than in the distal cisternal portion. This proximal
cisternal portion of the nerve would include the root exit
zone, where the myelin coatingisthinner. It is possible that
the lack of statistical significance has been affected by the
low statistical power of the study and that increasing the
sample would demonstrate a significant association between
NVC in the proximal cisternal segment of the facial nerve
and HFS symptoms.

In short, the MRI protocol integrating CISS sequences
associated with 3D TOF sequences is sensitive, reproducible
and effective in detecting NVC between the facial nerve
and adjacent arteries. This protocol has also demonstrated
astatistically-significant relationship between NVCpresence
and HFSsymptoms. However, it isnot a simple relationship,
as HFS can be the result of the confluence of more factors.
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