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a b s t r a c t

Cranial nerve palsy caused by aneurysmal compression has not been fully evaluated. The main causes of
symptoms are considered to be direct mechanical compression and aneurysm pulsations. Recent studies
indicate that nerve dysfunction is mainly induced by pulsation rather than by direct compression, and
successful cases of endovascular surgery have been reported. We describe a patient with an unruptured
vertebral artery-posterior inferior cerebellar artery (VA-PICA) aneurysm compressing the facial nerve at
the root exit zone (REZ). The patient presented with peripheral facial nerve palsy but not hemifacial
spasm and was successfully treated by coil embolization. To investigate the mechanisms underlying
peripheral facial nerve palsy, fluid structure interaction (FSI) analysis can approximate displacement and
the magnitude of aneurysmal wall motion due to hemodynamic forces. In our case, maximum mesh
displacement was observed at the aneurysmal wall attached to the facial nerve inside the pons rather
than the REZ, which explains the clinical manifestation of facial nerve palsy in the absence of hemifacial
spasm. This preliminary report demonstrates the utility of FSI analysis for investigating cranial nerve
neuropathy.

& 2015 Published by Elsevier Ltd.

1. Introduction

Cranial nerve palsy caused by aneurysmal compression is
considered to result from direct compression and aneurysm pul-
sations against the nerve. Recent studies indicate that nerve dys-
function is mainly induced by pulsation rather than direct com-
pression, and successful endovascular surgeries have been repor-
ted [1–3]. Improvement of radiculopathy is considered to result
from reduced intra-aneurysmal flow, which in turn attenuates
pulsation. Even though aneurysm size is not reduced after coil
embolization, symptom resolution is observed [1]. Flow diverters
have recently been used to treat symptomatic unruptured aneur-
ysms [4]; therefore, it has been proposed that symptomatic

improvement may be related to hemodynamic changes inside the
offending aneurysm. However, the correlation between cranial
nerve palsy and aneurysmal pulsations has not been fully
elucidated.

While there are relatively few reports of hemifacial spasm due
to neurovascular conflicts caused by cerebral aneurysm [5–7],
facial nerve palsy in these cases is even more rare. We treated a
patient with an unruptured vertebral artery-posterior inferior
cerebellar artery (VA-PICA) aneurysm that contacted the facial
nerve at its root exit zone (REZ). The patient presented with per-
ipheral facial nerve palsy without hemifacial spasm and was suc-
cessfully treated with coil embolization. To further investigate the
cause of nerve palsy, we carried out fluid structure interaction
(FSI) analysis, which allowed us to assess aneurysm wall motion
magnitude by calculating the total mesh displacement [8–10]. We
hypothesize that the location most affected by aneurysm pulsation
was at the point of maximum total mesh displacement, and this
may have caused the observed nerve dysfunction. Using FSI, we

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/cbm

Computers in Biology and Medicine

http://dx.doi.org/10.1016/j.compbiomed.2015.09.016
0010-4825/& 2015 Published by Elsevier Ltd.

n Corresponding author at: Department of Neurosurgery, The Jikei University
School of Medicine, 3-25-8 Nishi-Shinbashi, Minato-ku, Tokyo 105-8461, Japan.
Tel.: þ81 3 3433 1111x3461; fax: þ81 3 3459 6412.

E-mail address: t.suzuki2078@gmail.com (T. Suzuki).

Please cite this article as: T. Suzuki, et al., Fluid structure interaction analysis reveals facial nerve palsy caused by vertebral-posterior
inferior cerebellar artery aneurysm, Comput. Biol. Med. (2015), http://dx.doi.org/10.1016/j.compbiomed.2015.09.016i

Computers in Biology and Medicine ∎ (∎∎∎∎) ∎∎∎–∎∎∎

www.sciencedirect.com/science/journal/00104825
www.elsevier.com/locate/cbm
http://dx.doi.org/10.1016/j.compbiomed.2015.09.016
http://dx.doi.org/10.1016/j.compbiomed.2015.09.016
http://dx.doi.org/10.1016/j.compbiomed.2015.09.016
mailto:t.suzuki2078@gmail.com
http://dx.doi.org/10.1016/j.compbiomed.2015.09.016
http://dx.doi.org/10.1016/j.compbiomed.2015.09.016
http://dx.doi.org/10.1016/j.compbiomed.2015.09.016
http://dx.doi.org/10.1016/j.compbiomed.2015.09.016


attempted to determine if stimulation of the elastic aneurysmal
wall coupled with its pulsation was a cause of cranial nerve palsy
in this patient. Our findings highlight the clinical usefulness of FSI
analysis in investigating cerebral aneurysm pulsation as a poten-
tial cause of cranial nerve palsy.

2. Case and methods

2.1. Case presentation

A 59-year-old female was admitted to our hospital with sudden
onset left-side peripheral facial nerve palsy (House-Brackmann
grade III) without other neurological deficits. She had no medical
history and was taking no medications. We initially suspected
Bell's palsy; however, magnetic resonance imaging (MRI) revealed
an unruptured VA-PICA aneurysm 8-mm in diameter wedged in
the left side of the pons at the facial nerve REZ (Fig. 1a and b). A
small bleb was also found on three-dimensional rotational
angiography (3-DRA; (Fig. 1c and d). Considering the aneurysm's
location, it was clear that it caused the patient’s palsy. Further-
more, the sudden symptom onset indicated impending rupture,
and immediate surgical treatment was considered. Given the
aneurysm's shape and location, both clipping and coiling were
viable treatment options. After explaining the situation to the
patient, she selected coil embolization. The procedure was

performed under general anesthesia 3 days after symptom onset.
A series of bare coils were placed in the aneurysm, an Q3d total
occlusion was achieved without any perioperative complications
(Fig. 2). Her facial weakness had gradually resolved 1 week after
the procedure, and she was fully recovered after 1 month. A
follow-up MRI showed no evidence of aneurysm recanalization.

2.2. Fluid domain model

To investigate the mechanism underlying the patient’s palsy,
we generated fusion image reconstructions from 3-DRA and con-
structive image in steady state magnetic resonance imaging (MRI
CISS) and visualized the anatomical position of the VA-PICA
aneurysm and facial nerve using Amira software (FEI/VSG-divi-
sion, Bordeaux, France). For analysis, the digital imaging for com-
munication in medicine (DICOM) format for 3DRA was used, and
blood vessels were extracted using Real Intage software (Cybernet
System, Tokyo, Japan), allowing us to export data for meshing
using ICEM CFD 15.0 software (ANSYS, Inc., Canonsburg, PA, USA)
in the stereolithography (STL) file format. Using the triangulated
surface from STL file as a base, a computational volumetric mesh
was constructed. The mesh mainly comprised tetrahedrons with
seven layers of prism elements near the wall surface to increase
the analytic precision of the boundary layer. The maximum Rey-
nolds number of aneurysm model was based on the inlet diameter
and ranged between 300 and 600; thus, the flow was treated as
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Fig. 1. MRI CISS and 3DRA imaging of the aneurysm. (a) Axial image generated by MRI CISS imaging from the ventral view. (b) Magnified view of the image in (a). (c) Antero-
posterior view generated by 3DRA imaging. (d) Left lateral view generated by 3DRA imaging (the bleb is indicated by the red arrow) PICA: posterior inferior cerebellar artery;
REZ: root exit zone; VA: vertebral artery. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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