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1. Introduction 

 

1.1 Historical background 

 

Hemifacial spasm is a disease characterized by irregular, involuntary, and recurring 

contractions of muscles innervated by the ipsilateral facial nerve. The most common cause of 

HFS is compression of the facial nerve by cerebral vessels. It is an infrequent disorder with 

approximately 2:1 female to male ratio. The average annual incidence rate is 0.74 per 100000 

in men and 0.81 per 100000 in women.1 It is more common in the Asian population than in 

other populations.2 Schulze  published his observation on hemifacial spasm due to vascular 

compression that was made at post-mortem examination  in 1875.3 In 1947, Campbell and 

Keedy suggested that vascular abnormalities in the posterior fossa might cause hemifacial 

spasm.4 In the 1960s there was increasing consensus that the spasm is caused by arteries in 

contact with the facial nerve in its course through the subarachnoid cisterns of the posterior 

fossa.5-7 Afterwards it was proved to be caused by vascular compression of the proximal 

facial nerve root at the root exit zone (REZ) where the central myelin is replaced by 

peripheral myelin.8-10 

 

 
 

1.2 Aetiology 

 

Most of the cases were discovered to be due to mechanical compression by normal appearing, 

or ectatic arteries. Hemifacial spasm may rarely be associated with tumors, aneurysms, or 

vascular malformations.9,11 The causative vessels are in most of the cases the anterior inferior 

cerebellar artery (AICA) and its branches, the posterior inferior cerebellar artery (PICA), the 

vereberal artery (VA), veins, or any combination of these vessels.9,10,12,13 

 

1.3 Development of the preoperative imaging 

 

The development of magnetic resonance imaging (MRI) technology enabled the compression 

status in HFS to be preoperatively evaluated. With the advent of the three dimensional (3-D) 

high resolution magnetic resonance imaging (MRI), the blood vessels were easier to be 

visualized preoperatively.14 The value of various 3-D MRI high resolution T2-weighted 
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images in Steady-state free precession imaging (SSFP) technique and time-of-flight magnetic 

resonance angiography (TOF MRA) images in detecting the neurovascular compression in 

hemifacial spasm was mentioned in several previous studies.15,16 In addition, few studies 

compared the MRI data with the intraoperative microsurgical findings.14,17-19 

 

1.4 Surgical treatment 

 

In contrary to trigeminal neuralgia and other neurovascular compression syndromes, 

hemifacial spasm is essentially a surgical condition. Microvascular decompression (MVD)  is 

a safe and definitive treatment with proven long-term efficacy. However, in hemifacial spasm 

it is frequently difficult to identify the offending vessel accurately under the microscope 

especially at the facial nerve REZ, because of variable anatomy, tortuous course of the 

arteries, and limited subarachnoid space.13,20 

 

 1.5 Endoscope-assisted technique 

 

With the implementation of the endoscope-assisted technique in hemifacial spasm surgery, 

the use of endoscopes with different angles of view allows visualization of the entire 

subarachnoid space with less cerebellar retraction.21  

 

1.6 Aim of the study: 

 

In this study, we have remarked the advantage of using the neuroendoscopy in hemifacial 

spasm as the offending vessels could be easily visualised through their entire course from the 

origin till the site of compression, which could not be done entirely under microscopic 

visualisation. We took this advantage in order to evaluate the accuracy of the preoperative     

3-D high resolution MRI in detecting the offending vessels in hemifacial spasm. To our 

Knowledge, this study is the first to use the high definition neuroendoscopic visualisation as a 

reliable anatomical reference to evaluate the accuracy of preoperative 3-D high resolution 

MRI in neurovascular compression.  
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2. Material and methods 

 

2.1 Patients’ population 

 

The data of all available radiological and operative data of patients who were operated upon 

for hemifacial spasm between the years 2007 and 2011 were checked (100 patients), where 50 

Patients met our criteria, then we excluded patients with images obtained by 3-T scanners, to 

include 42 patients (Figure 1). The patients’ population included 18 males and 24 females 

with a mean age of 58.2 years. Symptoms were right-sided in 11 and left-sided in 31 patients. 

The demographic data are provided in (Table 1). 

 

The local ethics committee approved this  retrospective study that was performed to 

determine the accuracy, sensitivity, specificity, measurements of agreement with 95%  

confidence interval (CI) and positive predictive value (PPV) of preoperative 3-D high 

resolution T2-weighted (T2w) gradient echo SSFP images in combination with 3-D TOF 

MRA in identifying the offending vessel(s) and the type of compression causing hemifacial 

spasm in patients who underwent microvascular decompression by the senior author (HWSS) 

during the aforementioned time range at our institute.  

 

 2.2 Inclusion criteria 

The patients were enrolled in this study if they had at least one preoperative 3-D high 

resolution T2-weighted gradient echo sequence imaging in the SSFP technique which 

included Constructive interference in steady state (CISS) and Fast imaging employing steady 

state acquisition (FIESTA), and 3-D TOF MRA. Images were acquired in axial plane 

covering the cerebellopontine angle with slide thickness not larger than 1 mm.  

 

 

2.3 Exclusion criteria 

A 4-point scale to evaluate the MRI quality (see below). All patients with grade 0 image 

quality, that indicates poor visualisation of the neurovascular anatomy, were excluded from 

the study. Additionally, the selection process was performed as summarized in Figure 1. 
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Fig. 1. Diagram showing  selection of patients according to the inclusion and exclusion 

criteria. 

 

 

 

 

 

 

 

 



 9 

 
Table (1): List of Patients: 

 

Patient 

Duration 

(years) Age Sex Side 

Observers 

1 

Observers 

2 

Operative 

findings 

1 6 63 f L A A A 

2 6 47 f L VA,P VA,P VA,P 

3 4 70 f R P P P 

4 16 68 f L VA,A VA,P VA,A 

5 7 47 m L P P P 

6 3 68 f R P P VA,P 

7 4 71 f L P P P 

8 8 62 f R A P A 

9 10 41 f R A A A 

10 16 46 m R P P P 

11 7 65 f R P P P 

12 12 68 m L P P P 

13 9 42 m L A P P 

14 10 55 f L A A A 

15 3 31 f L VA,P VA,A VA,A 

16 4 56 m L VA VA VA,A 

17 4 47 f R A A A 

18 14 62 f L A A A 

19 1 61 f R A A A 

20 6 40 m R P V P,V 

21 5 51 f L VA,P VA VA,P 

22 8 46 m L P VA,P VA,P,A 

23 10 76 f L VA VA,P VA,P 

24 12 61 m L VA,P VA,P VA,P,A 

25 6 67 m L VA,P VA,P VA,A 

26 16 71 m L VA,A VA VA,P 

27 12 66 m R A P A 

28 20 49 f L A A A 

29 2 50 f L A VA,P VA,A 

30 3 54 m L P P P 

31 9 49 f R P P P 

32 5 35 f L VA VA VA 

33 14 51 m L P P P,A 

34 17 79 f L A P A 

35 5 56 m L P VA,P P,A 

36 13 72 f L A A A 

37 5 59 f L VA,A VA,P VA,A 

38 19 71 m L VA,P VA,P VA,P 

39 1 64 m L VA,A VA VA,P,A 

40 7 76 f L P VA,P P 

41 10 67 m L VA,P VA,P VA,P 

42 17 65 m L P VA,P VA,A 

L: left, R: right, m:male, f: female, VA: Vertebral artery, P: Posterior inferior cerebellar artery, A: 

Anterior inferior cerebellar artery, V: Vein 
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2.4 MR imaging parameters 

Preoperative images were obtained at 1.5-T scanners . In 16 of the included patients, images 

were obtained at our radiological department and 26 patients were examinated at diagnostic 

centres in our referral area. Therefore imaging parameter varied for the different scanners. 

At 1.5-T all examinations were performed using a 8-channel head coil. Imaging parameters 

for the SSFP-Sequence were: slice thickness 1mm, matrix 192x256  – 324x320, voxel size 

0.63 – 0.93, TR 11.23 – 263 ms, TE 5.61 – 1200 ms, TA 3:37min – 4.58 min. The number of 

slices varied between the different manufactures, at least the cerebellopontine angle had to be 

covered. Parallel imaging techniques were not used. Imaging parameters for the TOF-

angiography at 1.5-T were: slice thickness 0.7 - 0.8mm, matrix 192x512 –  211x256, voxel 

size 0.73 – 0.83, TR 23 – 39ms, TE 7 – 7.2ms, TA: 5:59 – 7:14min. Parallel imaging 

techniques were used with an acceleration factor of 2. CISS images were reconstructed in 

coronal plane with a slice thickness of 1 mm and a gap of 0.5 mm.  

 

2.5 Imaging analysis 

 

 2.5.1 Four point scale to evaluate the quality of the images 

 

Two neuroradiogists with seven years experience in MRI of hemifacial spasm evaluated all 

available  images for hemifacial spasm patients by consensus using a 4-point scale (0-3), as 0 

indicated poor MRI quality that, as judged by the raters, did not show clearly the 

neurovascular anatomy within the cerebellopontine angle, thus these images were excluded 

from the study, 1 indicated images with acceptable quality that visualise neurovascular 

anatomy, 2 indicated good quality images, and 3 indicated excellent quality images. The 

neuroradiologists were blinded of the type of scanners used to obtain the images. This grading 

was done as a subjective raters’ evaluation of the image quality. We used this evaluation to 

exclude images with poor quality, and to assure inclusion of images that show clearly the 

neurovascular anatomy. 
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2.5.2 Two groups of observers to analyze the images independently: 

 

The selected 3-D MRI were analysed by two groups independently, each group contained two 

observers, with five to seven years experience in MRI of hemifacial spasm. The first group 

included two neuroradiologists (observers 1), and the second group included two 

neurosurgeons (observers 2). They were informed of the side of patients’ complaints, but 

were blinded to the operative findings. Decision was obtained by consensus. Conflict was 

experienced once in one group (observers 2) thus the decision of the more experienced  

member was taken. The presence of neurovascular compression was considered if a vessel 

was intimately in contact, or indenting the nerve within the REZ, with no visible 

cerebrospinal fluid (CSF) in two or more consecutive slides. It was also considered if a vessel 

was seen pushing another vessel(s) against the nerve with a contact compression as described 

before. Identification of the offending vessels in the 3-D high resolution T2w in SSFP 

technique was done by tracing the offending arteries to their origin either VA or BA, and 

veins to a larger vein or dural sinus. The 3-D TOF MRA images were used in combination 

with the previously mentioned images for confirmation of arterial origin of the offending 

vessels. 

 

 

2.6 Surgical technique: 

 

Endoscope assisted microscopic technique is implemented in all cases of hemifacial spasm in 

our institute. MVD was performed in all patients through the lower retrosigmoid approach. 

The microscope was used for dissection and for decompression of the facial nerve. Rigid rod-

lens endoscopes with a diameter of 2.7 mm and angles of view of 0°, 30°, and 45° (Karl Storz 

GmbH & Co. KG, Tuttlingen, Germany) were used in all cases to explore the area around the 

facial nerve before starting the decompression so that all offending vessels could be 

identified. The intraoperative videos captured by a high definition endoscopic camera (Karl 

Storz GmbH & Co. KG, Tuttlingen, Germany) were collected (Figure 2). Intraoperative 

brainstem auditory evoked potentials (BAEP) and facial electromyography (EMG) 

monitoring were implemented in all surgeries.  
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Fig. 2. Endoscopic images demonstrating the inspection of the entire course of the offending 

vessel from origin to compression site. Left: Origin of a common trunk (c) from the left VA 

(v), note the vertebrobasilar junction (arrowhead) and BA (b) anteromedial to the abducent 

nerve (arrow). Right: The common trunk (c) comes out of VA (v), then divides into upper 

branch representing the AICA (a), and a lower branch representing the PICA (p), the upper 

branch (a) offends the left facial nerve (f). 

 

 2.6.1 Methods of decompression 

Decompression was achieved either by placing one or more teflon pledgets between the 

offending vessel(s) and the brain stem  in 38 patients or by transposing and pexy stitch 

affixing the offending vessel to nearby dura in four patients. 

 

 

2.7 Analysis of the operative data 

 

Endoscopic visualisation during hemifacial spasm operations was used as a reliable 

anatomical reference for identifying of the offending vessels. The intraoperative videos were 

analyzed by the senior author (HWSS) who performed all procedures. He was blinded to the 

evaluation of the 3-D MRI performed by the two groups of observers. Using the videos 

obtained by endoscopic visualization, the offending vessels were identified by following them 

to their origin (Figure 2). 
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2.8 Type of compression 

 

 The compression was categorized into two types, either simple or complex compression. A 

complex compression indicated compression of the facial nerve within the REZ by multiple 

vessels. Compression by multiple vessels at one compression point indicated the compression 

of a vessel to another vessel(s) against the nerve (tandem compression).12,22 Simple 

compression indicated compression of the facial nerve by a single vessel. 

 

2.9 Statistical analysis: 

 

Results from radiological evaluation performed by the two independent groups of observers 

were collected and compared with the operative findings. We implemented statistical tests 

using the SAS version 9.1 (SAS Institute Inc., Cary, North Carolina, USA) to obtain 

sensitivity, and specificity of the MR images in detection of the offending vessels, PPV in 

detection of the type of compression, interobserver agreement between the two groups of 

observers of MR imaging evaluation, and measurements of accordance between the 

radiological and the surgical results were obtained using Cohen’s Kappa test. The agreement 

or accordance was considered ‘‘less than chance agreement’’ if the K was less than 0 ,‘‘slight 

agreement’’ if K = 0.01-0.2, and ‘‘fair’’ if K was 0.21-0.4, “moderate” if K was 0.41-0.6, 

“substantial” if K was 0.61-0.80, and “almost perfect” when K was 0.81-0.99.23,24 

 

 

3. Results 

 

3.1 Operative findings 

 

In the 42 patients, the compression was simple in 22 (Figure 3C, F, L and O), and complex in 

20 patients (Figure 3I). The complex compression included several vessel combinations that 

were either “tandem compression” in 17 patients, or compression in two different points in 3 

patients (Table 2). There were no negative explorations. The endoscope was found beneficial 

in all patients as an adjunct to the microscope during MVD since it allowed the visualization 

of the REZ without cerebellar retraction. It allowed also clear identification of the course of 

the perforating vessels, and visualisation of the entire course of the offending vessels. In two 

patients, the offending vessel originated from a common trunk for both AICA and PICA 
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(Figure 2). The common trunk originated from the VA in one case and from the basilar artery 

(BA) in the other case. We classified the common trunk as PICA when it was of VA origin 

and AICA when it was of BA origin. In addition, enlargement of the VA was detected in all 

cases when the vessel was offending the facial nerve with variable degrees of elongation and 

ectasia (Figure 3I). 

 

Table (2) Operative (surgical) findings: 

 

Offending vessel(s) Number of patients 

Simple compression: 22 patients 

VA 1 

AICA  11 

PICA  10 

Multiple compression combinations: 20 patients 

VA,PICA 7 

VA,AICA  7 

AICA, PICA 2 

VA, PICA, AICA  3 

PICA + prepontine vein  1 
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Fig. 3. Different compression patterns in five patients as visualized in the preoperative 3-D 

T2-weighted images in SSFP technique (A, D, G, J and M), 3D TOF images (B, E, H, K and 

N) and endoscopic views (C, F, I, L and O) 

 

Patient 1 (A, B and C). A and B: AICA (arrowhead) compressing the right facial nerve (long 

arrow). AICA origin from the BA (short arrow). C: Grooving of the facial nerve (long arrow) 

by a small branch of the AICA (a). Note the course of the AICA from its origin from the BA 

(short arrow) anteromedial to the sixth nerve (arrowhead). Vestibulocochlear nerve (vc), 

facial nerve (f). 

Patient 2 (D, E and F). D and E: PICA (arrowhead) compressing the right facial nerve (long 

arrow). F: Compression of the facial nerve (f) by PICA loop (p). Vestibulocochlear nerve 

(vc). 

Patient 3 (G, H and I). G: Megaloectatic VA (short arrow) and AICA (arrowhead) 

compressing the left facial nerve (large arrowhead). H: Only the megaloectatic VA can be 

identified (short arrow). I: Visualization of complex facial nerve (f) compression by 

megaloectatic VA (v), AICA (a) and PICA (p). Vestibulocochlear nerve (vc). 

Patient 4 (J, K and L). J: Compression of the left facial nerve (long arrow) by PICA 

(arrowhead). K: Compression of the left facial nerve by PICA (arrowhead) which has a high 

vertebral origin (short arrow). L: Compression of the facial nerve (f) by PICA (p) of high VA 

(v) origin. Vestibulocochlear nerve (vc), AICA (a). 

Patient 5 (M, N and O). M and N: PICA loop (arrowhead) deeply indenting the brain stem at 

the right facial nerve (long arrow) REZ. O: PICA loop (p) deeply grooving into the brain 

stem at the right facial nerve REZ. Facial nerve (f), vestibulocochlear nerve (vc). 
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3.2 Comparing the radiological findings to the surgical findings 

 

In comparison with the surgical results, the 3-D high resolution MRI (SSFP and TOF MRA) 

had an average PPV of 89.1% (86.6% according to observers 1, 91.5% according to observers 

2) in differentiating between complex and simple compression.  

 

Agreement between observers 1 and 2 was “substantial” in detection of VA (K=0.75), and 

“moderate” in detection of the AICA and PICA (K=0.47) as offending vessels, resulting of an 

averaged agreement K of 0.56 (Table 3). K for accordance between radiological and surgical 

analysis was 0.8 for VA, 0.67 for PICA, and 0.53 for AICA according to observers 1, and 

0.86 for VA, 0.41 for PICA, 0.37 for AICA according to observers 2 (Table 3). 

 

Accuracy of the preoperative 3-D MRI was 90.5% for VA, 83.3% for PICA, and 76.2% for 

AICA (mean accuracy=83.3%) according to observers 1, and 92.9% for VA, 71.4% for 

PICA, 66.7% for AICA (mean accuracy=77%) according to observers 2 (Table 4). Our 

statistical study did not include the accuracy of the preoperative 3-D MRI in detecting veins, 

as it was detected operatively only in one patient. 

 

 

 

 

 

 Table(3): Interobserver radiological analysis agreement (a) and measurements of 

accordance (b)between radiological and surgical findings: 

Interobserver agreement (a): 

 All patients 

n=42 

Complex compression 

n=20 

Simple compression 

n=22 

VA 0.75 

(95%CI 0.56-0.95) 

0.49 

(95%CI 0.11-0.88) 

0.65 

(95%CI 0.01-1) 

PICA 0.47 

(95%CI 0.21-0.73) 

0.21 

(95%CI -0.24-0.65) 

0.65 

(95%CI 0.36-0.94) 

AICA 0.47 

(95%CI 0.20-0.74 

-0.09 

(95%CI -0.25-0.07) 

0.65 

(95%CI 0.35-0.94) 
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Measurements of accordance (b): 

  All patients 

n=42 

Complex compression 

n=20 

Simple compression 

n=22 

  Observers 1 Observers 2 Observers 1 Observers 2 Observers 1 Observers 2 

VA 0.80 

(95%CI 

0.61-0.98) 

0.86 

(95%CI 

0.70-1.00) 

0.49 

(95%CI 

0.11-0.88) 

0.61 

(95%CI 

0.11-1.00) 

1 

(95%CI 

1.00-1.00) 

0.65 

(95%CI  

-0.01-1.00) 

PICA 0.67 

(95%CI 

0.44-0.89) 

0.41 

(95%CI 

0.14-0.67) 

0.34 

(95%CI 

-0.08-0.77) 

-0.03 

( 95% CI 

-0.45-0.41) 

0.91 

(95%CI 

0.73-1.00) 

0.73 

(95%CI 

0.46-1.00) 

AICA 0.53 

(95%CI 

0.28-0.78) 

0.37 

(95%CI 

0.16-0.57) 

0.18 

(95%CI 

-0.14-0.50) 

0.07 

(95%CI 

-0.07-0.20) 

0.91 

(95%CI 

0.73-1.00) 

0.73  

(95%CI 

0.45-1.00) 

 

 

Table (4): Accuracy of the preoperative 3D MRI in comparison to the surgical findings 

(%): 

 

Offending 

vessel 

All patients Simple compression Complex compression 

 Observers 

1 

Observers 

2 

Observers 

1 

Observers 

2 

Observers 

1 

Observers 

2 

VA 90.5 92.9 100 95.5 80 90 

PICA 83.3 71.4 95.5 86.4 70 55 

AICA 76.2 66.7 95.5 86.4 55 45 

Mean 

Accuracy 

83.3 77 97 89.4 68.3 63.3 
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The 3-D MRI sensitivity in identifying VA as offending vessel was 77.8%, according to 

observers 1 and 94.4% according to observers 2. The sensitivity in identifying PICA was 

82.6% in both groups, and in AICA identification 65.2% and 39.1% in observers 1 and 2 

respectively (Table 5). The 3-D MRI was also specific in detection of each offending vessel. 

The specificity for the detection of VA 100%; 91.6%, PICA 84.2%; 57.9%, and AICA 89.5%; 

100% according to observers 1 and observers 2 respectively (Table 5).  

 

Table (5): Sensitivity and Specificity of the preoperative 3D MR imaging in comparison to 

the surgical findings (%):  

 

 All patients Simple group Complex group 

 Observers 

1 

Observers 

2 

Observers 

1 

Observers 

2 

Observers 

1 

Observers 

2 

Sensitivity:    

VA 77.8 94.4 100 100 76.5 94.1 

PICA 82.6 82.6 90 100 76.9 69.2 

AICA 65.2 39.1 100 72.7 33.3 8.3 

Specificity:    

VA 100 91.6 100 95.2 100 66.7 

PICA 84.2 57.9 100 75 57.1 28.6 

AICA 89.5 100 90.9 100 87.5 100 

 

 

 

3.3 Subgroup analysis 

 

Interestingly, mean accuracy of the preoperative 3-D MRI in identifying the offending vessels 

was obviously better (97% according to observers 1, 89.4% according to observers 2) when 

the statistical evaluation was limited to the simple compression group (22 patients), and was 

fair (68.3% according to observers 1 and 63.3% according to observers 2) when limited to the 

complex compression group (20 patients) (Table 3). Accordance between the radiological and 

surgical results in identifying the AICA and PICA was “almost perfect” with  average K of 

0.94 according to observers 1, and of 0.7 according to observers 2 in the simple compression 

group , and was “fair” ( K less than 0.4 according to observers 1 and 2) in the complex 
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compression group. Sensitivity, specificity and agreement between the two groups of 

observers in identifying of the offending vessels were also better when limiting the evaluation 

to the simple compression group. Sensitivity was 100% in observers 1&2, 90% in observers 

1; 100% in observers 2, and 100% in observers 1; 72.7% in observers 2 considering detection 

of VA, PICA, and AICA respectively. K for agreement between observers 1 and observers 2 

was 0.65 for VA, PICA and AICA, resulting in averaged agreement K of 0.65 (Tables 3 and 

5). 
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4. Discussion 

 

 4.1 Vascular anatomy of the cerebellopontine angle in hemifacial spasm 

 

Evaluation of the compression status at the facial nerve REZ is important pre and 

intraoperatively in order to detect the vessels that have to shifted away from the REZ.  

Various blood vessels might cause hemifacial spasm. AICA and PICA were reported to be 

equally frequent as offending vessels causing hemifacial spasm.13 VA, BA, Veins, or a 

combination of multiple vessels could also compress the facial nerve. In typical cases, the 

anteroinferior aspect of the nerve root exit zone will commonly be compressed 12,13 

 

 4.1.1 Cerebellar arteries and common trunk anomaly 

 

According to the literature 25-28, the AICA is the cerebellar artery that arises from the BA and 

encircles the pons near the abducent, facial and vestibulocochlear nerves, while the PICA is 

the cerebellar artery that arise from the VA. A common trunk anomaly was mentioned in 

previous studies.25, 26, 29, 30 This trunk can originate from the VA or the BA and then bifurcates 

distally into upper and lower branches that represent AICA and PICA respectively. In a 

previous study, the common trunk anomaly was classified with dominant AICA when it was 

of BA origin and with dominant PICA when it was of VA origin.29 The common trunk 

anomaly was encountered twice in our study, as one originated from the VA and the other 

from the BA. In the two cases, the two branches were equal in size and the upper branch 

(which represented AICA) was the offending vessel causing hemifacial spasm (Figure 2). 

 

 4.1.2 Varieties of PICA compression to the facial nerve 

 

It was previously also mentioned that a PICA of high VA origin is more commonly associated 

with nerve compression. Also an elongated VA may bring PICA into contact with facial nerve 

root even when the PICA is not enlarged.29 We observed this phenomenon in the present 

study (Figure 3J, K and L). However we observed also elongated PICA of low origin 

offending the facial nerve (Fig. 3D, E and F). Sometimes, a PICA loop can groove the 

brainstem deeply at the root exit zone causing hemifacial spasm (Fig. 3M, N and O). 
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4.2 3-D MRI advantages 

 

4.2.1 Value of preoperative imaging: 

 

In the early experience with hemifacial spasm surgery, the preoperative imaging was mainly 

needed for exclusion of a tumour or dolichoectasia, as the clinical findings were the mostly 

reliable method for diagnosis.31  the standard MRI could show cranial nerves, but was not 

proved to be sufficient to demonstrate the complex neurovascular anatomy of the 

cerebellopontine angle.32-34 Advent of high resolution 3-D T2w MRI allowed an excellent 

anatomical description of the neurovascular structures in the cerebellopontine angle cistern. 

However, its main limitation is the absence of signal differentiation between the arteries and 

veins, and between the vessels and nerves.34,35 

 

Various T2-weighted SSFP sequences have been designed to compensate for CSF motion and 

susceptibility artefacts due to local magnetic field inhomogeneities. They afford high 

resolution images insured by thin sections with good contrast between CSF and the 

neurovascular structures. With 3-D TOF MRA, the cranial nerves and brain parenchyma are 

represented by low signal intensity, and the arteries are delineated by profoundly high signal 

intensity, so that following the arteries from their origin can be easily accomplished. These 

characteristics were reported in previous studies, at which these sequences were found to be 

valid for detecting neurovascular compression, especially when used in combination.14-16,34-42 

However, few previous studies concentrated on the radiological diagnosis of hemifacial 

spasm using MRI with surgical correlation.14,19 As this study is targeted to preoperative 

identification of the offending vessels, and as neurovascular compression can be detected 

even in asymptomatic individuals 43, the neuroradiologists were informed with the side of 

complaint in order to concentrate on the study objectives. 

 

 

In the present study, we found that the 3-D high resolution T2w SSFP sequences and 3-D 

TOF MRA in combination (Figure 3) accurate in differentiating between simple and complex 

compression with an average PPV of 89.6%. This result can have an obvious surgical 

significance as it raises preoperatively the surgeon’s awareness to the presence of multiple 

offending vessels, thus insufficient decompression can be avoided.  
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The accuracy of the fore mentioned high resolution 3-D MRI sequences in identifying each 

vessel were variable according to the type of the offending vessel and type of the compression 

(Table 4). Due to its relatively small diameter, sensitivity was the lowest in identifying the 

AICA in complex compression. The sensitivity of identifying PICA had also obviously 

dropped in the complex compression group (Table 5). These results could be due to 

concealment of the contact point of the small offending vessels (AICA, PICA) to the facial 

nerve by the relatively larger VA that acted as a companion in most of the cases (18 out of 21 

patients) with complex compression (Figure 3G, H and I).  

 

4.2.2 Comparison between 1.5-T 3-T MRI 

 

To our knowledge, few studies have mentioned the beneficial properties of the 3-D high 

resolution MRI at 3-T in comparison with 1.5-T scanners in neurovascular compression 

causing hemifacial spasm or trigeminal neuralgia, as it was mentioned before that 3D-CISS 

and 3D-TOF MRA sequences obtained by 3-T scanners are of better image quality.15,34 This 

is also supported by the results of the present study, guided by the image quality evaluation. 

Although it was not included in the statistical evaluation, we found out the accuracy of the 

preoperative 3-D MRI in the 3-T group of patients (8 Patients), which was better than that of 

1.5-T group.! In our opinion, the better image quality with 3-T scanners does not obviously 

improve the accuracy in identifying the offending vessels in simple compression, as we found 

the preoperative 3-D SSFP and TOF MRA images accurate in detecting the offending vessels 

whether with 1.5-T scanners, with mean accuracy more than 90%, and sensitivity that reached 

100% when evaluation was limited to the simple compression group (Tables 4 and 5).  

 

 

We demonstrate in this study the inaccuracy of the evaluated 3-D MRI sequences in 

identifying all offending vessels in complex compression group although they can predict 

compression by more than one vessel. The advantage of the better image quality obtained by 

the 3-T scanners can provide better identification of the AICA and PICA in the complex 

compression group. However, that was not assessed in our study due to the small number of 

patients that had preoperative 3-D SSFP and TOF MRA obtained by 3-T scanners (8 

Patients). In addition, we did not try to compensate the lower signal-to-noise ration at 1.5-T 

compared to 3-T. Therefore, we excluded the images obtained by 3-T scanners. Further 

comparative studies are warranted to evaluate the fore mentioned    3-D MRI sequences 
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obtained by 3-T or higher field scanners with particular emphasis on their value in complex 

compression of the facial nerve with several vessels, and whether high-field MRI can 

overcome the limitations of images obtained at 1.5-T.  

!

4.3 Value of endoscope-assisted technique 

 

Surgical procedure to treat hemifacial spasm involves very low risk, is well tolerated even by 

elderly patients. It is associated with a very low recurrence rate, and represents the definitive 

treatment for more than 90% of cases.44 Proper assessment of the complex neurovascular 

anatomy within the cerebellopontine angle cistern would improve the results of MVD and 

might prevent unnecessary procedures.45 Neuroendoscopy has been found useful as an adjunct 

to the microscope during MVD of trigeminal, facial, and vestibulocochlear nerves. High 

definition endoscopic visualization can accurately identify neurovascular conflicts.46 

Neuroendoscopy can also provide a comprehensive evaluation of the completeness of the 

decompression with minimization of cerebellar retraction.20,21,47 In this study, we confirm that 

high definition neuroendoscopic visualisation can accurately detect the offending vessels, the 

type of compression, and the fine anatomical details at the site of root compression. 

 

Although comparative evaluation of various 3-D MRI sequences’ accuracy with surgical 

correlation has been implemented in several previous studies14,18,19, the exceptional advantage 

of the present study is using a reliable reference for evaluation, which is  the high definition 

visualisation obtained by using neuroendoscopy that shows clearly the cerebellopontine 

neurovascular anatomy. 
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4.4 Accuracy of the 3D MRI in various compression forms 

 

In the present study, the 3-D high resolution T2-weighted SSFP and 3-D TOF MRA imaging 

is found to be  accurate in detecting the offending vessels in simple compression of the facial 

nerve by one vessel, and in predicting the presence of a complex compression with variable 

sensitivity in identifying all offending vessels. The accuracy is the lowest in detection of 

AICA probably because of its small vessel diameter. The results were obtained with reference 

to reliable anatomical visualisation provided by high definition neuroendoscopy.  
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6. Zusammenfassung 

 

Einleitung: Das Verfahren der hochauflösenden dreidimensionalen 

Magnetresonanztomografie (3-D MRT) wird zur Darstellung der neurovaskulären Anatomie 

im Bereich des Kleinhirnbrückenwinkels verwendet. 

 

Gegenstand: Beurteilung der Wertigkeit der 3-D MRT (Steady state free precession imaging 

SSFP und TOF MRA) zur Erkennung der vaskulären Kompression des Nervus facialis im 

Vergleich zur intraoperativen endoskopischen Visualisierung bei Patienten mit Hemispasmus 

facialis. 

 

Methode: Bei 42 Patienten, die an einem Hemispasmus facalis litten, wurde eine 

endoskopisch-assistierte mikrovaskuläre Dekompression (MVD) durchgeführt. Die 

Facialisaustrittszone aus dem Hirnstamm wurde endoskopisch inspiziert und der Verlauf 

sowie die Herkunft des komprimierenden Gefäßes dokumentiert. Die präoperativen 3-D 

MRT-Bilder wurden durch zwei unabhängige Beobachtergruppen ausgewertet und mit den 

Ergebnissen der endoskopischen Inspektion verglichen. 

 

Ergebnisse: Die Auswertung ergab, dass die 3-D MRT einen durchschnittlichen positiven 

Vorhersagewert (PPV) von 89 % in der Unterscheidung zwischen einer einfachen und 

komplexen Kompression hat. Die durchschnittliche Genauigkeit der 3-D MRT in der 

Erkennung der vaskulären Kompression betrug bei der ersten Beobachtergruppe 83 % und  

bei der zweiten Beobachtergruppe 77 %. Die durchschnittliche Übereinstimmung zwischen 

beiden Beobachtergruppen war substantiell bei einem Kappa Koeffizienten (K) von 0,56. Bei 

Patienten mit einer einfachen Kompression betrug die Genauigkeit 97 % in der ersten 

Beobachtergruppe und 89 % in der zweiten Beobachtergruppe. Die durchschnittliche 

Übereinstimmung  lag bei K= 0,65. 

 

Schlussfolgerung: Durch Vergleich mit der endoskopischen Visualisierung konnte gezeigt 

werden, dass die 3-D MRT eine hohe Genauigkeit in der Identifizierung des 

komprimierenden Gefäßes bei einfacher Kompression hat. Bei der komplexen Kompression 

besteht eine variable Genauigkeit in der Identifizierung der komprimierenden Gefäße. 
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Abstract 

 

Background:  High resolution three-dimensional (3-D) magnetic resonance imaging  (MRI) is 

widely used to predict the neurovascular anatomy within the cerebellopontine angle. 

 

Objective: To assess value of 3-D three-dimensional  Steady-state free precession imaging 

(SSFP) and Time-of-flight  magnetic resonance angiography (TOF MRA) and  in detecting 

the offending vessels in hemifacial spasm by comparison to intraoperative endoscopic 

visualization. 

 

Methods: 42 patients underwent endoscope-assisted microvascular decompression (MVD). 

All available preoperative 3-D SSFP and TOF MRA images were checked. Intraoperative 

videos were captured by a high definition endoscopic camera attached to endoscopes  while 

exploring the area of facial nerve root exit zone (REZ). Evaluation of the 3-D images was 

performed by two independent groups of observers and compared with the operative findings.  

 

Results:  3-D MRI had an average positive predictive value (PPV) of 89.1% in differentiating 

between simple and complex compression. Mean accuracy of the before mentioned images in 

detection of the offending vessels was 83.3% and 77% according to the first and second group 

of observers respectively. Averaged inter-observer agreement between the two groups of 

observers was substantial with an averaged Kappa coefficient (K) of 0.56. In simple 

compression group, mean accuracy was 97% and 89.4% according to the first and second 

group of observers respectively. Averaged K for agreement  was substantial (K=0.65). 

 

Conclusion: According to endoscopic visualisation, 3-D SSFP and TOF MRA images are 

accurate in detecting the offending vessels in simple compression of the facial nerve, and in 

predicting presence of a complex compression with variable sensitivity in identifying all 

offending vessels.  
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7- Abbreviations 

 

3-D: Three dimensional, AICA: Anterior inferior cerebellar artery, BA: Basilar artery, 

BAEPS: Brainstem auditory evoked potentials, CI: Confidence interval, CISS: Constructive 

interference in steady state, EMG: Electromyography, FIESTA: Fast imaging employing 

steady state acquisition, K: Kappa coefficient, MRI: Magnetic resonance imaging, MRA: 

Magnetic resonance angiography, MVD: Microvascular decompression, PICA: Posterior 

inferior cerebellar artery, PPV: Positive predictive value, REZ: Root exit zone, SSFP: Steady-

state free precession imaging, TOF: Time-of-flight, VA: Vertebral artery. 

 

 

 

 

 

 

 

 

Key words: hemifacial spasm, endoscope assisted, microvascular decompression, high resolution 

MRI. 
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Hemifacial spasm is an infrequent disorder
with approximately 2:1 female to male
ratio. The average annual incidence rate is

0.74 per 100 000 in men and 0.81 per 100 000
in women.1 It is more common in the Asian
population than in other populations.2 Hemi-
facial spasm is characterized by involuntary
twitching or spasms that contort the muscles
innervated by the facial nerve on one side. The
first published observation on hemifacial spasm
due to vascular compression was made at

Ehab El Refaee, MDNS, MSc*‡

Soenke Langner, MD§

Joerg Baldauf, MD*

Marc Matthes, MSc*

Michael Kirsch, MD‡

Henry W S Schroeder, MD,

PhD*

*Department of Neurosurgery, University
Medicine Greifswald, Germany; ‡Depart-
ment of Neurosurgery, Cairo University,
Egypt; §Institute for Diagnostic Radiol-
ogy and Neuroradiology, University Med-
icine Greifswald, Germany

Correspondence:
Ehab A. El Refaee, MDNS, MSc,
Clinical and Research fellow,
Department of Neurosurgery,
Ernst Moritz Arndt University,
Sauerbruchstrasse, Greifswald,
Germany,
Postal code 17475.
E-mail: e.elrefaee@googlemail.com;
ee103700@uni-greifswald.de;
ehab_refaee@kasralainy.edu.eg

Received, July 19, 2012.
Accepted, March 4, 2013.
Published Online, xxxx

Copyright ª 2013 by the
Congress of Neurological Surgeons

ABBREVIATIONS: 3-D, 3-dimensional; AICA, Ante-
rior inferior cerebellar artery; BA, Basilar artery;
BAEPS, Brainstem auditory evoked potentials; CI,
Confidence interval; CISS, Constructive interfer-
ence in steady state; EMG, Electromyography;
FIESTA, Fast imaging employing steady state
acquisition; K, Kappa coefficient; MVD, Microvas-
cular decompression; PICA, Posterior inferior cere-
bellar artery; PPV, Positive predictive value; REZ,
Root exit zone; SSFP, Steady-state free precession
imaging; TOF, Time-of-flight; T2w, T2 weighted;
VA, Vertebral artery

RESEARCH—HUMAN—CLINICAL STUDIES
TOPIC RESEARCH—HUMAN—CLINICAL STUDIES

NEUROSURGERY VOLUME 0 | NUMBER 0 | MONTH 2013 | 1

mailto:ehab_refaee@kasralainy.edu.eg
mailto:e.elrefaee@googlemail.com
mailto:ee103700@uni-greifswald.de


post-mortem examination by Schultze and reported in 1875.3 In
1947, Campbell and Keedy suggested that vascular abnormalities
in the posterior fossa might cause hemifacial spasm.4 Afterwards it
was proved to be caused by vascular compression of the proximal
facial nerve root at the root exit zone (REZ) where the central
myelin is replaced by peripheral myelin.5-7

Hemifacial spasm may rarely be associated with tumors,
aneurysms, or vascular malformations. Most of the cases were
discovered to be due to mechanical compression by normal
appearing, elongated and/or ectatic arteries.6,8 The causative vessels
are, in most of the cases, the anterior inferior cerebellar artery
(AICA) and its branches, the posterior inferior cerebellar artery
(PICA), the vereberal artery (VA), veins, or any combination of
these vessels.6,7,9,10 With the advent of 3-dimensional (3-D) high-
resolution magnetic resonance imaging (MRI), the blood vessels
were easier to be visualized preoperatively.11 The value of various
3-D MRI high-resolution T2-weighted images in steady-state free
precession imaging (SSFP) technique and time-of-flight magnetic
resonance angiography (TOF MRA) images in detecting the
neurovascular compression in hemifacial spasm has been previously
reported.12,13 In addition, few studies compared the MRI data
with the intraoperative microsurgical findings.11,14-16

Microvascular decompression (MVD) is a safe and definitive
treatment for hemifacial spasm with proven long-term efficacy.
However, in hemifacial spasm it is frequently difficult to identify
the offending vessel accurately under the microscope especially at
the facial nerve REZ, because of variable anatomy, tortuous course
of the arteries, and limited subarachnoid space.10,17 With the
implementation of the endoscope-assisted technique in hemi-
facial spasm surgery, the use of endoscopes with different angles
of view allows visualization of the entire subarachnoid space with
less cerebellar retraction.18 In this study, we note the advantage of
using the neuroendoscopy in hemifacial spasm, as the offending
vessels could be easily visualized through their entire course from
the origin until the site of compression, which could not be done
entirely under microscopic visualization. We utilize this advan-
tage in order to evaluate the accuracy of preoperative 3-D high-
resolution MRI in detecting the offending vessels in hemifacial
spasm. To our knowledge, this study is the first to use high-
definition neuroendoscopic visualization as a reliable anatomic
reference to evaluate the accuracy of preoperative 3-D high-
resolution MRI in neurovascular compression.

MATERIAL AND METHODS

Patient Population

The local ethics committee approved this retrospective study. The study
was performed to determine the accuracy, sensitivity, specificity, measure-
ments of agreement with 95% confidence interval (CI), and positive
predictive value (PPV) of preoperative 3-D high-resolution T2-weighted
(T2w) gradient echo SSFP images in combination with 3-D TOFMRA in
identifying the offending vessel(s) and the type of compression causing
hemifacial spasm in 42 patients who underwent microvascular decompres-
sion by the senior author (HWSS) between 2007 and 2011 at our institute.

All available radiological and operative data of patients who were operated
upon for hemifacial spasm during this time range were checked (100
patients). Fifty patients met our criteria; then we excluded patients with
images obtained by 3-T scanners. This left a total of 42 patients ( !F1"Figure 1).
The patient population included 18 males and 24 females with a mean age
of 58.2 years. Symptoms were right-sided in 11 and left-sided in 31
patients. The demographic data are provided in ( !T1"Table 1).

Inclusion Criteria

The patients were enrolled in this study if they had at least 1 preoperative
3-D high-resolution T2-weighted gradient echo sequence imaging in the

FIGURE 1. Diagram showing selection of patients according to the inclusion and
exclusion criteria.
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SSFP technique which included constructive interference in steady state
(CISS) and fast imaging employing steady state acquisition (FIESTA), and
3-D TOF MRA. Images were acquired in axial plane covering the
cerebellopontine angle with slice thickness no larger than 1 mm.

Exclusion Criteria

We used a 4-point scale to evaluate the MRI quality (see below). All
patients with grade 0 image quality, which indicates poor visualization of
the neurovascular anatomy, were excluded from the study. Additionally,
patients who underwent re-do surgery because of recurrent spasm, and

patients that did not have endoscopic videos that showed clearly the
offending vessels from their origin until compression point were excluded.
After selecting the patients with acceptable image quality, all patients with
images obtained by 3-T scanners were excluded from the statistical
evaluation, in order to include only images obtained by 1.5-T scanners.

MR Imaging Parameters

Preoperative images were obtained at 1.5-T scanners. In 16 of the
included patients, images were obtained at our radiological department

TABLE 1. List of Patientsa

Patient No. Duration, y Age, y Sex Side Observers 1 Observers 2 Operative Findings

1 6 63 F L A A A
2 6 47 F L VA, P VA, P VA, P
3 4 70 F R P P P
4 16 68 F L VA, A VA, P VA, A
5 7 47 M L P P P
6 3 68 F R P P VA, P
7 4 71 F L P P P
8 8 62 F R A P A
9 10 41 F R A A A

10 16 46 M R P P P
11 7 65 F R P P P
12 12 68 M L P P P
13 9 42 M L A P P
14 10 55 F L A A A
15 3 31 F L VA, P VA, A VA, A
16 4 56 M L VA VA VA, A
17 4 47 F R A A A
18 14 62 F L A A A
19 1 61 F R A A A
20 6 40 M R P V P, V
21 5 51 F L VA, P VA VA, P
22 8 46 M L P VA, P VA, P, A
23 10 76 F L VA VA, P VA, P
24 12 61 M L VA, P VA, P VA, P, A
25 6 67 M L VA, P VA, P VA, A
26 16 71 M L VA, A VA VA, P
27 12 66 M R A P A
28 20 49 F L A A A
29 2 50 F L A VA, P VA, A
30 3 54 M L P P P
31 9 49 F R P P P
32 5 35 F L VA VA VA
33 14 51 M L P P P, A
34 17 79 F L A P A
35 5 56 M L P VA, P P, A
36 13 72 F L A A A
37 5 59 F L VA, A VA, P VA, A
38 19 71 M L VA, P VA, P VA, P
39 1 64 M L VA, A VA VA, P, A
40 7 76 F L P VA, P P
41 10 67 M L VA, P VA, P VA, P
42 17 65 M L P VA, P VA, A

aL, left; R, right; M, male; F, female; VA, vertebral artery; P, posterior inferior cerebellar artery; A, anterior inferior cerebellar artery; V, vein.
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and 26 patients were examinated at diagnostic centers in our referral area.
Therefore, the imaging parameters varied for the different scanners.
At 1.5-T all examinations were performed using an 8-channel head coil.

Imaging parameters for the SSFP-sequence were: slice thickness 1 mm,
matrix 192 · 256 to 324 · 320, voxel size 0.63 to 0.93, TR 11.23 to
263 ms, TE 5.61 to 1200 ms, TA 3:37 minutes to 4.58 minutes. The
number of slices varied between the different manufacturers; at least the
cerebellopontine angle had to be covered. Parallel imaging techniques
were not used. Imaging parameters for the TOF-angiography at 1.5-T
were: slice thickness 0.7 to 0.8mm, matrix 192 · 512 to 211 · 256,
voxel size 0.73-0.83, TR 23 to 39 milliseconds, TE 7 to 7.2 milliseconds,
TA: 5:59 to 7:14 minutes. Parallel imaging techniques were used with an
acceleration factor of 2. CISS images were reconstructed in coronal plane
with a slice thickness of 1 mm and a gap of 0.5 mm.

Imaging Analysis

Two neuroradiologists with 7 years of experience in MRI of hemifacial
spasm evaluated all available images for hemifacial spasm patients by
consensus using a 4-point scale (0-3). 0 indicated poor MRI quality that,
as judged by the raters, did not show clearly the neurovascular anatomy
within the cerebellopontine angle, thus these images were excluded from
the study; 1 indicated images with acceptable quality that visualized
neurovascular anatomy; 2 indicated good quality images; and 3 indicated
excellent quality images. The neuroradiologists were blinded of the type of
scanners used to obtain the images. This grading was done as a subjective
raters’ evaluation of the image quality. We used this evaluation to exclude
images with poor quality, and to assure inclusion of images that showed
clearly the neurovascular anatomy.
The selected 3-D MRI were analyzed by 2 groups independently. Each

group contained 2 observers, with 5 to 7 years experience in MRI of
hemifacial spasm. The first group included 2 neuroradiologists (observers 1),
and the second group included 2 neurosurgeons (observers 2). They were
informed of the side of patients’ complaints, but were blinded to the
operative findings. Decision was obtained by consensus. Conflict was

experienced once in 1 group (observers 2); thus, the decision of the more
experienced member was taken. The presence of neurovascular compres-
sion was considered if a vessel was intimately in contact, or indenting the
nerve within the REZ, with no visible cerebrospinal fluid (CSF) in 2 or
more consecutive slides. It was also considered if a vessel was seen pushing
another vessel(s) against the nerve with a contact compression as described
before. Identification of the offending vessels in the 3-D high-resolution
T2w in SSFP technique was done by tracing the offending arteries to their
origin either VA or BA, and veins to a larger vein or dural sinus. The 3-D
TOF MRA images were used in combination with the previously
mentioned images for confirmation of arterial origin of the offending
vessels.

Surgical Technique

MVD was performed in all patients through the lower retrosigmoid
approach. The microscope was used for dissection and for decompression
of the facial nerve. Rigid rod-lens endoscopes with a diameter of 2.7 mm
and angles of view of 0!, 30!, and 45! (Karl Storz GmbH & Co. KG,
Tuttlingen, Germany) were used in all cases to explore the area around
the facial nerve before starting the decompression so that all offending
vessels could be identified. The intraoperative videos captured by a high-
definition endoscopic camera (Karl Storz GmbH&Co. KG, Tuttlingen,
Germany) were collected ( !F2"Figure 2). Intraoperative brainstem auditory
evoked potentials (BAEP) and facial electromyography (EMG) moni-
toring were implemented in all surgeries. Decompression was achieved
either by placing 1 or more teflon pledgets between the offending vessel
(s) and the brainstem in 38 patients or by transposing and pexy stitch
affixing the offending vessel to nearby dura in 4 patients.

Analysis of the Operative Data

We used the endoscopic visualization during hemifacial spasm
operations as a reliable anatomic reference for identifying the offending
vessels. The intraoperative videos were analyzed by the senior author

FIGURE 2. Endoscopic images demonstrating the inspection of the entire course of the offending vessel from origin to compression
site. A, origin of a common trunk (c) from the left VA (v), note the vertebrobasilar junction (arrowhead) and BA (b) anteromedial
to the abducent nerve (arrow). B, the common trunk (c) comes out of VA (v), then divides into upper branch representing the
AICA (a), and a lower branch representing the PICA (p), the upper branch (a) offends the left facial nerve (f).
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(HWSS), who performed all procedures. Hewas blinded to the evaluation
of the 3-DMRI performed by the 2 groups of observers. Using the videos
obtained by endoscopic visualization, the offending vessels were identified
by following them to their origin (Figure 2).

Type of Compression

We categorized the compression into 2 types, either simple or complex
compression. A complex compression indicates compression of the facial
nerve within the REZ by multiple vessels. Compression by multiple
vessels at 1 compression point indicated the compression of a vessel to
another vessel(s) against the nerve (tandem compression).9,19 Simple
compression indicated compression of the facial nerve by a single vessel.

Statistical Analysis

Results from radiological evaluation performed by the 2 independent
groups of observers were collected and compared with the operative
findings. We implemented statistical tests using SAS version 9.1 (SAS
Institute Inc., Cary, NC, USA) to obtain sensitivity and specificity of the
MR images in detection of the offending vessels, PPV in detection of the
type of compression, and inter-observer agreement between the 2 groups
of observers of MR imaging evaluation. Measurements of accordance
between the radiological and surgical results were obtained using Cohen’s
Kappa test. The agreement or accordance was considered “less than
chance agreement” if the K was less than 0, “slight agreement” if K = 0.01
to 0.2, “fair” if K was 0.21 to 0.4, “moderate” if K was 0.41 to 0.6,
“substantial” if K was 0.61 to 0.80, and “almost perfect” when K was
0.81 to 0.99.20,21

RESULTS

Operative Findings

In the 42 patients, the compression was simple in 22 (!F3" Figure
3C, F, L and O) and complex in 20 (Figure 3I). The complex
compression included several vessel combinations that were
“tandem compression” in 17 patients, and compression in 2
different points in 3 patients (!T2" Table 2). There were no negative
explorations. The endoscope was found beneficial in all patients
as an adjunct to the microscope during MVD since it allowed the
visualization of the REZ without cerebellar retraction. It allowed
also clear identification of the course of the perforating vessels,
and visualization of the entire course of the offending vessels. In 2
patients, the offending vessel originated from a common trunk
for both AICA and PICA (Figure 2). The common trunk
originated from the VA in 1 case and from the basilar artery (BA)
in the other case. We classified the common trunk as PICA when
it was of VA origin and AICA when it was of BA origin. In
addition, enlargement of the VA was detected in all cases when
the vessel was offending the facial nerve with variable degrees of
elongation and ectasia (Figure 3I).

Comparing the Radiological Findings to the
Surgical Findings

In comparison with the surgical results, the 3-D high-resolution
MRI (SSFP and TOF MRA) had an average PPV of 89.1%

(86.6% according to observers 1, 91.5% according to observers 2)
in differentiating between complex and simple compression.
Agreement between observers 1 and 2 was “substantial” in

detection of VA (K = 0.75), and “moderate” in detection of the
AICA and PICA (K = 0.47) as offending vessels, resulting in an
averaged agreement K of 0.56 ( !T3"Table 3). K for accordance
between radiological and surgical analysis was 0.8 for VA, 0.67
for PICA, and 0.53 for AICA according to observers 1, and 0.86
for VA, 0.41 for PICA, and 0.37 for AICA according to observers
2 (Table 3).
Accuracy of the preoperative 3-D MRI was 90.5% for VA,

83.3% for PICA, and 76.2% for AICA (mean accuracy = 83.3%)
according to observers 1, and 92.9% for VA, 71.4% for PICA, and
66.7% for AICA (mean accuracy = 77%) according to observers 2
( !T4"Table 4). Our statistical study did not include the accuracy of the
preoperative 3-D MRI in detecting veins, as it was detected
operatively only in 1 patient.
Three-D MRI sensitivity in identifying VA as offending vessel

was 77.8% according to observers 1 and 94.4% according to
observers 2. The sensitivity in identifying PICA was 82.6% in
both groups, and in AICA identification was 65.2% and 39.1%
in observers 1 and 2, respectively ( !T5"Table 5). The 3-DMRI was also
specific in detection of each offending vessel. The specificity for
the detection of VA was 100%; 91.6%, PICA 84.2%; 57.9%,
and AICA 89.5%; 100% according to observers 1 and observers 2,
respectively (Table 5).

Subgroup Analysis

Interestingly, mean accuracy of the preoperative 3-D MRI in
identifying the offending vessels was obviously better (97% accord-
ing to observers 1, 89.4% according to observers 2) when the
statistical evaluation was limited to the simple compression group
(22 patients), and was fair (68.3% according to observers 1 and
63.3% according to observers 2) when limited to the complex
compression group (20 patients) (Table 3). Accordance between the
radiological and surgical results in identifying the AICA and PICA
was “almost perfect” with an average K of 0.94 according to
observers 1, and of 0.7 according to observers 2 in the simple
compression group, and was “fair” (K less than 0.4 according to
observers 1 and 2) in the complex compression group. Sensitivity,
specificity, and agreement between the 2 groups of observers in
identifying the offending vessels were also better when limiting the
evaluation to the simple compression group. Sensitivity was 100%
in observers 1 and 2, 90% in observers 1; 100% in observers 2, and
100% in observers 1; 72.7% in observers 2 considering detection of
VA, PICA, and AICA respectively. K for agreement between
observers 1 and observers 2 was 0.65 for VA, PICA, and AICA,
resulting in an averaged agreement K of 0.65 (Tables 3 and 5).

DISCUSSION

Various blood vessels might cause hemifacial spasm. AICA and
PICA were reported to be equally frequent as offending vessels
causing hemifacial spasm.10 VA, BA, veins, or a combination of
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FIGURE 3. Different compression patterns in 5 patients as visualized in the preoperative 3-D T2-weighted images in SSFP technique (A, D, G, J and M), 3D TOF images
(B, E, H, K and N) and endoscopic views (C, F, I, L and O) Patient 1 (A, B and C).A and B, AICA (arrowhead) compressing the right facial nerve (long arrow). AICA origin
from the BA (short arrow).C, grooving of the facial nerve (long arrow) by a small branch of the AICA (a). Note the course of the AICA from its origin from the BA (short arrow)
anteromedial to the sixth nerve (arrowhead). Vestibulocochlear nerve (vc), facial nerve (f). Patient 2 (D, E and F).D and E, PICA (arrowhead) compressing the right facial
nerve (long arrow). F, compression of the facial nerve (f) by PICA loop (p). Vestibulocochlear nerve (vc). Patient 3 (G, H and I).G, megaloectatic VA (short arrow) and AICA
(arrowhead) compressing the left facial nerve (large arrowhead). H, only the megaloectatic VA can be identified (short arrow). I, visualization of complex facial nerve (f)
compression by megaloectatic VA (v), AICA (a) and PICA (p). Vestibulocochlear nerve (vc). Patient 4 (J, K and L). J, compression of the left facial nerve (long arrow) by PICA
(arrowhead).K, compression of the left facial nerve by PICA (arrowhead) which has a high vertebral origin (short arrow).L, compression of the facial nerve (f) by PICA (p) of
high VA (v) origin. Vestibulocochlear nerve (vc), AICA (a). Patient 5 (M, N and O).M and N, PICA loop (arrowhead) deeply indenting the brain stem at the right facial
nerve (long arrow) REZ. O, PICA loop (p) deeply grooving into the brain stem at the right facial nerve REZ. Facial nerve (f), vestibulocochlear nerve (vc).
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multiple vessels could also compress the facial nerve. In typical
cases, the anteroinferior aspect of the nerve root exit zone will
commonly be compressed.9,10

According to the literature,22-25 the AICA is the cerebellar artery
that arises from the BA and encircles the pons near the abducent,
facial and vestibulocochlear nerves, while the PICA is the cerebellar
artery that arises from the VA. A common trunk anomaly was
mentioned in previous studies.22,23,26,27 This trunk can originate
from the VA or the BA and then bifurcates distally into upper and
lower branches that represent AICA and PICA, respectively. In
a previous study, the common trunk anomaly was classified with
dominant AICA when it was of BA origin and with dominant
PICA when it was of VA origin.26 The common trunk anomaly
was encountered twice in our study, as one originated from the VA
and the other from the BA. In the 2 cases, the 2 branches were
equal in size and the upper branch (which represented AICA) was
the offending vessel causing hemifacial spasm (Figure 2).

It was previously mentioned that a PICA of high VA origin is
more commonly associated with nerve compression. Also, an
elongated VA may bring PICA into contact with facial nerve root
even when the PICA is not enlarged.26 We observed this
phenomenon in the present study (Figure 3J, K and L). However,
we also observed elongated PICA of low origin offending the
facial nerve (Figure 3D, E and F). Sometimes, a PICA loop can
groove the brainstem deeply at the root exit zone causing
hemifacial spasm (Figure 3M, N and O).

In the early experience with hemifacial spasm surgery, the
preoperative imaging was mainly needed for exclusion of a tumour
or dolichoectasia, as the clinical findings were the most reliable
method for diagnosis.28 Standard MRI could show cranial nerves,
but was not proved to be sufficient to demonstrate the complex
neurovascular anatomy of the cerebellopontine angle.29-31 Advent
of high-resolution 3-D T2w MRI allowed an excellent anatomic
description of the neurovascular structures in the cerebellopontine
angle cistern. However, its main limitation is the absence of signal
differentiation between the arteries and veins, and between the
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TABLE 2. Operative (Surgical) Findingsa

Offending Vessel(s) No. of Patients

Simple compression 22 patients
VA 1
AICA 11
PICA 10

Multiple compression combinations 20 patients
VA, PICA 7
VA, AICA 7
AICA, PICA 2
VA, PICA, AICA 3
PICA 1 prepontine vein 1

aVA, Vertebral artery; PICA, posterior inferior cerebellar artery; AICA, anterior
inferior cerebellar artery.
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vessels and nerves.31,32 Various T2-weighted SSFP sequences have
been designed to compensate for CSF motion and susceptibility
artefacts due to local magnetic field inhomogeneities. They afford
high-resolution images ensured by thin sections with good contrast
between CSF and the neurovascular structures. With 3-D TOF
MRA, the cranial nerves and brain parenchyma are represented by
low signal intensity, and the arteries are delineated by profoundly
high signal intensity, so that following the arteries from their origin
can be easily accomplished. These characteristics were reported in
previous studies, at which these sequences were found to be valid
for detecting neurovascular compression, especially when used in
combination.11-13,31-39 However, few previous studies concen-
trated on the radiological diagnosis of hemifacial spasm using MRI
with surgical correlation.11,16 As this study is targeted to pre-
operative identification of the offending vessels, and as neuro-
vascular compression can be detected even in asymptomatic
individuals,40 the neuroradiologists were informed of the side of
complaint in order to concentrate on the study objectives.

In the present study, we found that the 3-D high-resolution T2w
SSFP sequences and 3-D TOF MRA in combination (Figure 3)
were accurate in differentiating between simple and complex
compression with an average PPV of 89.6%. This result can have
an obvious surgical significance, as it raises preoperatively the
surgeon’s awareness to the presence of multiple offending vessels;
thus, insufficient decompression can be avoided.

The accuracy of the aforementioned high-resolution 3-D MRI
sequences in identifying each vessel were variable according to the
type of the offending vessel and type of compression (Table 4).
Due to its relatively small diameter, sensitivity was the lowest in
identifying the AICA in complex compression. The sensitivity of
identifying PICA had also obviously dropped in the complex
compression group (Table 5). These results could be due to
concealment of the contact point of the small offending vessels
(AICA, PICA) to the facial nerve by the relatively larger VA that
acted as a companion in most of the cases (18 of 21 patients) with
complex compression (Figure 3G, H and I).
To our knowledge, few studies have mentioned the beneficial

properties of 3-D high resolution MRI at 3-T in comparison with
1.5-T scanners in neurovascular compression causing hemifacial
spasm or trigeminal neuralgia, as it wasmentioned before that 3D-
CISS and 3D-TOFMRA sequences obtained by 3-T scanners are
of better image quality.12,31 This is also supported by the results
of the present study, guided by the image quality evaluation.
Although it was not included in the statistical evaluation, we
found the accuracy of the preoperative 3-D MRI in the 3-T
group of patients (8 patients) was better than that of the 1.5-T
group. In our opinion, the better image quality with 3-T scanners
does not obviously improve the accuracy in identifying the
offending vessels in simple compression, as we found the
preoperative 3-D SSFP and TOF MRA images accurate in

TABLE 4. Accuracy of the Preoperative 3-D MRI in Comparison to the Surgical Findings (%)a

Offending Vessel

All Patients Simple Compression Complex Compression

Observers 1 Observers 2 Observers 1 Observers 2 Observers 1 Observers 2

VA 90.5 92.9 100 95.5 80 90
PICA 83.3 71.4 95.5 86.4 70 55
AICA 76.2 66.7 95.5 86.4 55 45
Mean Accuracy 83.3 77 97 89.4 68.3 63.3

aVA, Vertebral artery; PICA, posterior inferior cerebellar artery; AICA, anterior inferior cerebellar artery.

TABLE 5. Sensitivity and Specificity of the Preoperative 3D MR Imaging in Comparison to the Surgical Findings (%)a

All Patients Simple Group Complex Group

Observers 1 Observers 2 Observers 1 Observers 2 Observers 1 Observers 2

Sensitivity
VA 77.8 94.4 100 100 76.5 94.1
PICA 82.6 82.6 90 100 76.9 69.2
AICA 65.2 39.1 100 72.7 33.3 8.3
Specificity
VA 100 91.6 100 95.2 100 66.7
PICA 84.2 57.9 100 75 57.1 28.6
AICA 89.5 100 90.9 100 87.5 100

aVA, Vertebral artery; PICA, posterior inferior cerebellar artery; AICA, anterior inferior cerebellar artery.
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detecting the offending vessels with 1.5-T scanners, with a mean
accuracy of more than 90%, and sensitivity that reached 100%
when evaluation was limited to the simple compression group
(Tables 4 and 5).

We demonstrate in this study the inaccuracy of the evaluated
3-D MRI sequences in identifying all offending vessels in the
complex compression group, although they can predict compres-
sion by more than 1 vessel. The advantage of the better image
quality obtained by the 3-T scanners can provide better identifi-
cation of the AICA and PICA in the complex compression group.
However, that was not assessed in our study due to the small
number of patients that had preoperative 3-D SSFP and TOF
MRA obtained by 3-T scanners (8 patients). In addition, we did
not try to compensate the lower signal-to-noise ration at 1.5-T
compared to 3-T. Therefore, we excluded the images obtained by
3-T scanners. Further comparative studies are warranted to
evaluate the aforementioned 3-D MRI sequences obtained by
3-T or higher field scanners, with particular emphasis on their
value in complex compression of the facial nerve with several
vessels, and whether high-field MRI can overcome the limitations
of images obtained at 1.5-T.

Neuroendoscopy has been found useful as an adjunct to the
microscope during MVD of trigeminal, facial, and vestibuloco-
chlear nerves. High-definition endoscopic visualization can accu-
rately identify neurovascular conflicts.41 Neuroendoscopy can also
provide a comprehensive evaluation of the completeness of the
decompression with minimization of cerebellar retraction.17,18,42

In this study, we confirm that high-definition neuroendoscopic
visualization can accurately detect the offending vessels, the type of
compression, and the fine anatomic details at the site of root
compression.

Although comparative evaluation of various 3-D MRI sequen-
ces’ accuracy with surgical correlation has been implemented in
several previous studies,11,15,16 the exceptional advantage of the
present study is using a reliable reference for evaluation, which is
the high-definition visualization obtained by using neuroendo-
scopy that shows clearly the cerebellopontine neurovascular
anatomy.

CONCLUSION

Anatomic visualization provided by high-definition neuro-
endoscopy in cases of hemifacial spasm with 3-D high resolution
T2-weighted SSFP and 3-D TOF MRA imaging is accurate in
detecting the offending vessels in simple compression of the facial
nerve by 1 vessel, and in predicting the presence of a complex
compression with variable sensitivity in identifying all offending
vessels. The accuracy is the lowest in detection of AICA, probably
because of its small vessel diameter. Due to the inaccuracy of the
aforementioned preoperative images in identifying all offending
vessels in complex compression, we recommend implementing the
endoscope-assisted MVD in these cases, as the neuroendoscopic
visualization helps in identifying the true nature of the compres-
sion, and assures adequate MVD.
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