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Abstract

Background and purpose: The purpose of this art icle is to assess the validity of the 
magnet ic resonance imaging (MRI) CISS 3D sequence associated with 3D t ime of fl ight  
(TOF) angiographic sequence in order to detect  neurovascular contact  (NVC) between the 
facial nerve and neighbouring arteries in pat ients with essent ial hemifacial spasm (HFS) 
and to determine the relat ionship between HFS symptoms and NVC and NVC image 
features (type, number and site).
Mat erials and met hods: We prospect ively enrolled 120 cerebellopont ine angle (CPA) MRI 
studies, 44 cases with HFS symptoms and 76 which were asymptomat ic (cont rols), using 
axial T2-weighted (CISS) and axial 3D TOF series with associated Maximal intensity (MIP) 
reconst ruct ions. Prior TOF angiographic studies were available for 56 cases without  
associated CISS images and the results obtained from that  study were compared with the 
results of the current  study.
Result s: The diagnost ic values obtained signifi cant ly favoured the protocol used in this 
study, which demonst rated a sensit ivity of 77.27% and a specifi city of 75%. There was a 
stat ist ically signifi cant  relat ionship between the presence of NVC and HFS symptoms 
(p<0.0001). Only one stat ist ically signifi cant  relat ionship was found between facial nerve 
displacement  (in type of NVC) and HFS symptoms (p=0.019).
Conclusions: The proposed MRI protocol is sensit ive and valid for detect ing NVC in pat ients 
with HFS. The results of our study support  a relat ionship between NVC and HFS symptoms. 
It  is not  a simple relat ionship, however. It  may be infl uenced by other factors, such as 
displacement  of the facial nerve due to NVC.
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction

Hemifacial spasm is a syndrome characterised by involuntary, 
tonic and clonic cont ract ions 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 maj ority of cases are considered to be 
idiopathic or essent ial (essent ial hemifacial spasm, HFS). To 
date, the most  widely accepted, best  developed hypothesis 
to explain these essent ial forms is that  of neurovascular 
contact  (NVC) between the facial nerve and adj acent  
vessels of the cerebellopont ine angle (CPA) cistern,1-4 which 
would produce a microscopic myelin lesion in the nerve and 
subsequent ly lead to abnormal nervous st imulat ion 
disseminat ion and muscular hyperact ivity.

This hypothesis, formulated from a neurosurgery 
standpoint , is not  without  cont roversy, mainly from that  
same environment .5 There are quest ions, not  as to the 
pathogenic role of NVC, but  concerning its considerat ion as 
simple and unique.

There have been technological advances in magnet ic 
resonance imaging (MRI), with the development  of dif ferent  
sequences and improvements that  make possible images 
with higher spat ial resolut ion and cont rast . Thanks to these 
advances, we can current ly use this imaging technique to 
study NVC, its image characterist ics and potent ial diagnost ic 
and clinical correlat ions in an at tempt  to bet ter understand 
the pathogenesis of HFS. To do this, it  is necessary to use 

appropriate sequences that  make it  possible to ident ify 
those small st ructures involved in NVC. Therefore, T2-
weighted sequences with high spat ial resolut ion, such as 
the const ruct ive interference at  steady-state (CISS) 
sequence, are effect ive tools.6-10

The CISS sequence is a 3D gradient  echo sequence which, 
through the use of very thin sect ions (0.7-1mm), provides 
high spat ial resolut ion. Due to it s high T2-weighing, it  also 
offers excellent  cont rast  between cerebrospinal fl uid (CSF) 
and soft  t issues. For these reasons, it  is an ideal sequence 
for the study of the cisternal segment  of cranial nerves. 11-15 
In the images obtained by this sequence, cranial nerves and 
vessels are visualised as hypointense linear st ructures 
surrounded by the hyperintense CSF, so that  their contours 
are very well defi ned (fi g. 1). The combinat ion with 
angiographic sequences also enables correct , easy 
ident ifi cat ion of the vessels causing the NVC.16-19

One purpose of this study was to evaluate the validity of 
the MRI protocol for 3D CISS sequences with 3D TOF (t ime of 
fl ight ) angiographic sequences used for NVC detect ion. A 
second obj ect ive was to determine the relat ionship between 
NVC, its imaging characterist ics (type, number and locat ion) 
and HFS symptoms.

Material and methods

We conducted a clinical and radiological descript ive study 
with prospect ive pat ient  recruitment . The target  populat ion 
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Resumen

Obj et ivos: Evaluar la validez de la secuencia CISS 3D de resonancia magnét ica (RM) en 
relación con secuencias angiográfi cas TOF 3D para la detección del contacto neurovascu-
lar (CNV) ent re el nervio facial y las arterias vecinas en pacientes con espasmo hemifacial 
esencial (EHE) y determinar la asociación ent re la presencia de síntomas de EHE y el CNV 
y las característ icas de imagen del CNV (t ipo, número y localización).
Mat erial  y mét odos: Se han estudiado prospect ivamente 120 ángulos pontocerebelosos 
(APC), 44 con clínica de EHE y 76 asintomát icos (cont roles), mediante el empleo de una 
serie axial potenciada en T2 (CISS) y una serie axial con técnica angiográfi ca TOF 3D con 
reconst rucciones MIP; 56 de estos APC tenían un estudio angiográfi co TOF previo y se 
compararon sus resultados con los del estudio actual.
Result ados: Los valores diagnóst icos obtenidos fueron signifi cat ivos a favor del protocolo 
del presente t rabaj o que most ró una sensibilidad del 77,27% y una especifi cidad del 75%. 
Se demost ró una asociación estadíst icamente signifi cat iva ent re la presencia de CNV y la 
clínica de EHE (p < 0,0001). Ent re las característ icas del CNV estudiadas, únicamente se 
halló una asociación estadíst icamente signifi cat iva ent re el desplazamiento del nervio 
facial (dent ro de t ipo de CNV) y la clínica de EHE (p = 0,019).
Conclusiones: El protocolo de RM propuesto es sensible y válido para detectar CNV en 
pacientes con EHE. Los resultados de nuest ro estudio apoyan la asociación ent re el CNV 
y la clínica de EHE, si bien no se t rata de una asociación simple, sino que puede estar 
infl uida por ot ros factores, como el desplazamiento del nervio facial producido por el 
CNV.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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comprised the set  of pat ients a) with HFS diagnosis; 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 c) who at tended from 
November 2005 unt il November 2006. This included 42 
pat ients with HFS (40 with unilateral clinical manifestat ions 
and 2 with bilateral),  and 18 asymptomat ic subj ects 
(cont rols); in total,  60 pat ients were included in the study. 
Table 1 lists the characterist ics of the studied series.

Either two anatomical sides or the CPA were studied for 
each pat ient , making a total of 120. The symptomat ic CPA 
of pat ients with HFS were used as cases (n=44). As the 
cont rol group, we used the asymptomat ic CPA of these same 

pat ients (n=40) plus the 2 CPA of the cont rol subj ects (2 ? 
18=36), thus having a total of 76 cont rols.

Pat ients were studied using the 1.5 Tesla MRI device 
(Siemens Symphony) at  the Radiology Department  in the 
Basurto Hospital.  To rule out  disease processes that  could 
cause the symptoms, cont rast -enhanced T1, T2 and FLAIR 
series were obtained and a dif fusion study of the ent ire 
brain was carried out . A 3D CISS axial series (TR, 11.92 ms; 
TE 5.96 ms; sect ion thickness, 0.70 mm; fi eld of view (FOV), 
190 mm; mat rix 192 ? 256; fl ip angle, 70°; sect ions per 
block, 40) was performed to ident ify the facial nerve and 
the CNV. In addit ion, a 3D TOF angiographic technique axial 
series (TR, 39ms; TE, 5.02 ms; sect ion thickness, 0.80 mm; 
FOV, 200 mm; mat rix 192 ? 256; sect ions per block, 32) with 
MIP reconst ruct ions in the axial and coronal planes (fi g. 1) 
was performed to ident ify the artery causing the NVC.

Two radiologists blinded to clinical diagnosis and lateralit y 
carried out  an independent  double reading of the MRI study; 
in cases of disagreement , they made a j oint  reading and the 
fi nal 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 coeffi cient .

We determined NVC presence or absence between the 
facial nerve and adj acent  CPA arteries and analysed the 
following image characterist ics of the NVC in those cases in 
which it  was present : 

•   NVC Type: simple NVC was defi ned as the situat ion 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 it s exit  from the protuberance or in it s 
cisternal pathway (fi g. 2).

Figure 1 Pat ient  with left  essent ial hemifacial spasm: neurovascular contact  between the anterior inferior cerebellar artery (1) 

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

MIP reconst ruct ion of the vertebrobasilar system.

Table 1 Demographic characterist ics of pat ients included

HFS Cont rols

Pat ients 42 18

Male 16 (38.1%) 8 (44.44%)

Females 26 (61.9%) 10 (55.55%)

Age (years) 64.45±12.86 

[38-85]

51.27±14.58 

[29-74]

Time unt il HFS diagnost ic 

(months)

52.92±0.05 

[1-240]

—

Clinical laterality

 Right 15 (35.7%) —

 Left 25 (59.5%) —

 Bilateral 2 (4.8%) —

The data express n (%), mean±standard deviat ion 

[ interquart ile range].
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•   Number of NVC per nerve: single NVC was defi ned when 
only a single point  of contact  with the facial nerve is 
detected; mult iple CNV is considered when several points 
of contact  are ident ifi ed in the same nerve (produced by 
the same artery or by dif ferent  arteries) (fi g. 3).

•   NVC locat ion: the pathway of the facial nerve (divided 
into two parts) in which the NVC occurred was determined. 
The proximal cisternal segment  extends from the exit  of 
the nerve from the protuberance to the proximal third of 
it s cisternal pathway; the distal cisternal segment  
includes the distal two thirds of the cisternal segment  of 
the nerve and its int racanalicular course within the 
internal auditory canal (fi g. 4).

The imaging fi ndings were then correlated with cl inical 
data.  The associat ions between NVC presence in MRI,  it s 
imaging characterist ics and the presence of  HFS symptoms 
were determined by the Pearson χ2 t est  or t he Fisher 
exact  t est ,  as appropriate;  p<0.05 was considered 
signifi cant .

Among the 60 pat ients included in the study, 28 
(corresponding to 56 CPA) with HFS had also had a previous 

3D TOF angiography performed to search for NVC between 
the facial nerve and surrounding arteries, without  the use 
of a CISS sequence. Their results were compared with those 
of the current  study (CISS + TOF sequences) by calculat ing 
95% confi dence intervals (CI) for the dif ference of 
proport ions; we considered the dif ference stat ist ically 
signifi cant  when the interval did not  include the value 0.

Results

Using our study protocol, the facial nerve was ident ifi ed 
and the eighth cranial nerve was singled out  correct ly in 
100% of cases. The relat ionship 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 relat ionship between NVC presence 
and HFS symptoms. Among the 120 CPA explored, there 
were a total of 53 NVC, 34 symptomat ic and 19 asymptomat ic 
(false posit ives). In the remaining CPA, no NVC was detected; 
among these, 57 corresponded to asymptomat ic nerves and 
10 to symptomat ic nerves (false negat ives).

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

of NVC.

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

of NVC.
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The anterior inferior cerebellar artery (AICA) was the 
artery most  frequent ly 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 combinat ions of AICA and PICA (1.9%) and of AICA and 
basilar artery (1.9%).

The concordance obtained for the interpretat ion 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 ident ifi cat ion of the causal artery.

Table 2 compares t he diagnost ic values for NVC 
detect ion obtained wit h t his st udy protocol (CISS + TOF 
sequences) and t hose obtained in previous TOF 
angiography st udies.  The sensit ivit y,  negat ive predict ive 
value (NPV) and global t est  value (GTV) were signifi cant ly 
higher wit h t he protocol including t he CISS sequence (95% 
CI for sensit ivit y,  24.4-63.9;  for NPV, 14.5-47.5;  for GTV, 
2.3-31.6).  However,  t he specifi cit y and posit ive predict ive 
value (PPV) were higher in t he previous TOF angiographic 
st udy,  al t hough t he dif ference did not  reach stat ist ical 
signifi cance (for specifi cit y,  –1.1-29.4;  for PPV, –14-
36.4).

When correlat ing the imaging fi ndings with clinical data, 
we detected a stat ist ically signifi cant  associat ion between 
MRI fi ndings of NVC and the presence of HFS symptoms 
(p<0.0001). With respect  to imaging characterist ics of NVC 
and its associat ion with the presence of HFS symptoms, the 
fi ndings obtained by analysing the 53 cases of MRI-detected 
NVC were the following: 

Figure 4 Locat ion of neurovascular contact  (NVC). A: NVC in the proximal cisternal segment  of the facial nerve. B: NVC in the 

distal cisternal segment  of the facial nerve. Arrows indicate the point  of NVC.

NVC

No NVC

0 10 20 30 40 50 60

34

19

10

57
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Asymptomatic

Figure 5 Associat ion between the presence of neurovascular 

contact  on MRI and symptoms of essent ial hemifacial spasm in 

the 120 cerebellopont ine angles explored.

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

Sensit ivity Specifi city PPV NPV GTV

CISS+TOF (n=120) 77.27 [63-87.2] 75 [64.2-83.4] 64.15 [50.7-75.7] 85.1 [74.7-91.7] 75.83 [67.4-82.6]

TOF (n=56) 30 [16.7-47.9] 92.3 [75.9-97.9] 81.81 [52.3-94.9] 53.33 [39.1-67.1] 58.92 [45.9-70.8]

GTV: global test  value; NPV: negat ive predict ive value; PPV: posit ive predict ive value. 

The data express median [ interquart ile range].
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•   NVC type: all cases of MRI-detected facial nerve 
displacement  were symptomat ic. However, the simple 
NVC were both symptomat ic and asymptomat ic (fi g. 6), 
with a stat ist ically signifi cant  associat ion between the 
presence of facial nerve displacement  and the presence 
of HFS symptoms (p=0.019).

•   Number of NVC per nerve: we ident ifi ed both single and 
mult iple NVC that  were symptomat ic and asymptomat ic 
(fi g. 7), with no stat ist ically signifi cant  dif ferences being 

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

•    NVC locat ion: we observed a greater number of 
symptomat ic NVC in the proximal cisternal port ion of the 
nerve than in the distal or when both locat ions were 
present  (fi g. 8). However, this dif ference did not  reach 
stat ist ical signifi cance when associated with the presence 
of HFS symptoms (p=0.194). Neither did we obtain 
stat ist ically signifi cant  dif ferences by grouping the cases 
of NVC in both locat ions 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

Current ly, the most  widely accepted aet iopathogenic 
hypothesis for HFS is that  of NVC between the facial nerve 
and the adj acent  vessels of the CPA cistern. This hypothesis 
was init ially formulated based on surgical fi ndings of ectat ic 
and tortuous arteries that  contacted the facial nerve in 
pat ients with homolateral HFS symptoms.1-4 Microvascular 
decompression to separate these two st ructures was the 
proposed t reatment  then. According to this init ial 
hypothesis, the NVC that  caused the symptoms would occur 
in the root  exit  zone, which is the port ion of the nerve most  
proximal to it s exit  from the brain stem, where the myelin 
coat ing is thinner because it  is a t ransit ion point  between 
cent ral myelin and peripheral myelin. It  is, therefore, a risk 
zone where it  is easier for the NVC to produce a demyelinat ion 
that  would, in turn, lead to abnormal funct ional act ivity, 
causing the HFS symptoms.

This hypothesis is not  without  controversy and has received 
serious crit icism, probably the st rongest  from the neurosurgery 
fi eld itself.5 These crit icisms are primarily based on the 

Displacement

Simple NVC

0

9

0

25

19

Symptomatic

Asymptomatic

5 10 15 20 25 30

Figure 6 Associat ion between the type of neurovascular 

contact  (NVC) and symptoms of essent ial hemifacial spasm in 

the 53 cases of NVC detected.

Single NVC

Multiple NVC

29

17

5

2

Symptomatic

Asymptomatic

Figure 7 Associat ion between the number of neurovascular 

contacts (NVC) per nerve and symptoms of essent ial hemifacial 

spasm in the 53 cases of NVC detected.

Proximal 
cistern

Distal 
cistern

0

4

2 Symptomatic

Asymptomatic

5 10 15 20 25

Proximal 
and distal 

cistern

8

9

22

8

Figure 8 Associat ion between the locat ion of neurovascular 

contact  (NVC) and symptoms of essent ial hemifacial spasm in 

the 53 cases of NVC detected.



Study of neurovascular contact  in essent ial hemifacial spasm 293

existence of asymptomat ic NVC (the so-called false posit ives) 
and on NVC absence in some pat ients with symptoms (the 
so-called false negat ives). These two facts indicate that  this 
is not  a simple hypothesis, nor always present  or evident . In 
addit ion, it  has been observed that  HFS symptoms may occur 
by NVC in a locat ion of the nerve more distal to its root  exit  
zone,20 which quest ions the role of NVC in HFS 
aet iopathogenesis. The t ruth is that , as of today, the 
discussion on HFS aet iopathogenesis remains open.

Today, neuroimaging (and specifi cally MRI) may provide 
addit ional data to this ongoing clinical debate. To this end, it  
is necessary to use adequate sequences that  provide suffi cient  
spat ial and contrast  resolut ion to ident ify small st ructures 
(the facial nerve and the adjacent  vessels of the CPA cistern) 
involved in NVC. Although several MRI sequences have been 
employed,21-23 the most  commonly used sequences are the 
angiographic16-19 and (more recent ly) T2-weighted sequences 
with high spat ial resolut ion, such as the CISS sequence.6-10

Various radiological studies have compared CISS and 
angiographic sequences, and concluded that  the former 
provides higher spat ial resolut ion and greater cont rast  
between nerves and CSF, and that  its sensit ivity for detect ing 
NVC is higher than that  of angiographic sequences.9,10,24 Our 
study supports these fi ndings since, in the comparat ive study 
we conducted between the protocol that  we propose (CISS + 
TOF sequences) and the previous angiographic TOF sequence 
protocol, the diagnost ic values obtained were signifi cant ly 
in favour of the former. With our protocol, we ident ifi ed the 
cisternal course of the facial nerve, its relat ionship with 
adj acent  arteries (that  is, whether or not  there was NVC) 
and the causal artery in cases of contact  in 100% of the CPA 
explored. In addit ion, the correlat ion between the two MRI 
readers was very good, indicat ing that  the proposed 
technique is reproducible. These data suggest  that  the 
proposed MRI protocol is effect ive in detect ing NVC between 
the facial nerve and adj acent  arteries of the CPA cistern.

Correct ly ident ifying the vessel causing the NVC through 
MRI is important , especially in preoperat ive imaging studies 
within the context  of HFS for which microvascular 
decompression is going to be performed. The reason is that  
this informat ion helps in planning the surgical approach and 
can predict  the complexity and, in some cases, even the 
result  of the surgical intervent ion.9,17,18 The artery involved 
in the NVC can be ident ifi ed easily with the use of a 3D TOF 
angiographic sequence, as we did in our study. In the present  
study, the AICA was the artery most  frequent ly implicated in 
NVC, as in other imaging and surgical studies,16-20 probably 
due to the path that  it  follows and to it s anatomical 
proximity to the facial nerve.

The results of this study support  the associat ion between 
NVC and the presence of HFS symptoms, since we found a 
stat ist ically signifi cant  relat ionship. However, NVC presence 
does not  always predict  a HFS clinical manifestat ion 
because, as in other studies,5,8,10,16,23 we detected cases of 
asymptomat ic NVC or false posit ives at  a rate of 25%, 
indicat ing that  NVC itself  may not  be suffi cient  to cause the 
symptoms. It  is possible that  dif ferent  factors such as 
dif ferences in the cort ical modulat ion of the facial motor 
nucleus, and emot ional factors such as st ress or genet ic 
suscept ibilit y, may infl uence the clinical development , as 
proposed by Tan et  al.8

We also detected false negat ives or NVC absence in 
symptomat ic nerves at  a rate of  22.73%. These false 
negat ives could be infl uenced by the fact  of  being contact s 
caused by vessels of  very small size or very slow blood 
fl ow that  t he MRI was unable t o visualise or by observer 
errors.  However,  it  is also t rue that  t here have been 
symptomat ic cases in which NVC was not  observed in 
surgery, 5,9 t hus support ing the hypothesis t hat  NVC may be 
intermit t ent  in nature or t hat  it  may not  always be 
necessary and that  other,  dif ferent  factors could cause 
the HFS symptoms.

With respect  to the various imaging features of NVC, we 
found a stat ist ically-signifi cant  associat ion with the 
presence of HFS symptoms only in cases of facial nerve 
displacement , a fact  already pointed out  by other 
authors.10,16-19 This associat ion suggests that  the deformat ion 
caused on the facial nerve would produce a larger alterat ion 
in the myelin sheath than simple NVC, which would support  
the development  of the manifestat ions. Chung et  al16 found 
a stat ist ically-signifi cant  associat ion between facial nerve 
displacement  (visualised both by MRI and during surgery) 
and a bet ter outcome of microvascular decompression, so 
this fi nding in MRI studies could help to select  candidates 
for surgical t reatment .

We found no stat ist ically-signifi cant  dif ferences in the 
associat ion with the presence of HFS symptoms between 
single and mult iple NVC, as was also the case in the study 
by Ho et  al.19 This suggests that  a greater number of contact  
points on the facial nerve do not  increase its excitabilit y or 
that  of it s nucleus.

No stat ist ically-signifi cant  dif ferences between the 
various locat ions of NVC in the facial nerve were found 
either, although we did detect  a higher percentage of 
symptomat ic NVC in the proximal cisternal segment  of the 
nerve than in the distal cisternal port ion. This proximal 
cisternal port ion of the nerve would include the root  exit  
zone, where the myelin coat ing is thinner. It  is possible that  
the lack of stat ist ical signifi cance has been affected by the 
low stat ist ical power of the study and that  increasing the 
sample would demonst rate a signifi cant  associat ion between 
NVC in the proximal cisternal segment  of the facial nerve 
and HFS symptoms.

In short , the MRI protocol integrat ing CISS sequences 
associated with 3D TOF sequences is sensit ive, reproducible 
and effect ive in detect ing NVC between the facial nerve 
and adj acent  arteries. This protocol has also demonst rated 
a stat ist ically-signifi cant  relat ionship between NVC presence 
and HFS symptoms. However, it  is not  a simple relat ionship, 
as HFS can be the result  of the confl uence of more factors.
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