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Introduction

Trigeminal neuralgia (TN) has been referred to with the
description of unilateral facial pain causing spasms by Greek
physician Aretaeus in the 2nd century AD.1 In 1756, Nicholas
André coined the French term “tic douloureux” to describe
the clinical characteristics of this syndrome.2 Subsequently,
the TN clinical features have been precisely characterized as
agonizing, paroxysmal, perceived in one or more divisions of
the trigeminal nerve, with repetitive bursts of few seconds,
exacerbated by cutaneous stimuli.3

The specific mechanism of pain genesis of TN is still not
known4; however, microvascular decompression (MVD) is
effective and results in a favorable outcome in cases showing
contact between an artery and the nerve, neurovascular
contact (NVC).5,6 The offending arteries include the superior
cerebellar artery (SCA), anterior inferior cerebellar artery,
posterior inferior cerebellar artery (PICA), and vertebral
artery (VA).7,8 Computational fluid dynamics (CFD) evalua-
tion of the NVC may enhance the treatment strategy for TN
and the morphological contact at the preoperative imaging
and actual operative field.
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Abstract Trigeminal neuralgia is a nerve disorder that causes unilateral severe facial pain. The
clinical features of trigeminal neuralgia are agonizing, paroxysmal, anticipated in one
or more divisions of the trigeminal nerve, with repetitive bursts of a few seconds,
exacerbated by cutaneous stimuli. Microvascular decompression is proven effective,
resulting in a positive outcome. Here, we report two cases of trigeminal neuralgia
associated with the vertebral artery, who underwent endoscopic microvascular
decompression. This case report aims to show the benefit of computational fluid
dynamics evaluation of the neurovascular contact and its effect on change in wall shear
stress magnitude of the offending vertebral artery after surgical management with
microvascular decompression.
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Methods

In this study, the NVC of two cases of VA causing TN
was investigated from the viewpoint of hemodynamic
stress on VA at the NVC. The wall shear stress magnitude
(WSSM) of the offending VA on computed tomography
angiography (CTA) was analyzed and compared before
and after MVD using CFD software (Hemoscope, EBM,
Tokyo, Japan).

Results

Case 1
A 51-year-old man suffered from pinprick pain over the
right lower lip. He received analgesics but had no relief.
Neurological examination was normal. Magnetic resonance

cisternography (MRC) showed NVC at the proximal part of
the trigeminal nerve by the VA (►Fig. 1A). The fusion image
of CT and MR images allows simultaneous visualization of
details by CTA and trigeminal provided by MRC. CTA and
MRC showed NVC; the right VA, SCA, and PICA complex
compressed the trigeminal nerve (►Fig. 1B).

Endoscopic MVD was performed. The trigeminal nerve
was severely compressed directly by the PICA and indirectly
by the VA. (►Fig. 1C). For the decompression procedure,
initially, the VA was transposed caudally and fixed with
Teflon felt and fibrin glue. Next, Teflon felt was interposed
between the PICA and the trigeminal nerve (►Fig. 1E). The
patient had complete relief from symptoms in the immediate
postoperative period without complications.

CFD analysis was studied on the offending VA around NVC
region before (►Fig. 1D) and after MVD (►Fig. 1F). The VA

Fig. 1 (A) Magnetic resonance imaging (MRI) cisternogram showing right trigeminal nerve and vertebral artery nerve contact. (B) Computed
tomography angiography (CTA) and MRI cisternogram fusion image showing neurovascular contact of the trigeminal nerve and vertebral artery
(VA), superior cerebellar artery (SCA), and posterior inferior cerebellar artery (PICA). (C,E) Intraoperative endoscopic view before and after
decompression. (D,F) Computational fluid dynamics (CFD) analysis before and after decompression. WSS, wall shear stress.
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was separated into four segments for CFD analysis. The
WSSM was obtained and compared before (►Fig. 1D) and
afterMVD(►Fig. 1F). As a result,WSSMat theNVCsegmenton
the VA (4.3 Pa) was decreased after MVD (2.9 Pa; ►Table 1).

Case 2
A 75-year-old man suffered from pinprick pain over the left
side of the tongue, lower jaw, and lower lip for 2 years.
Conservative treatment by carbamazepine was given; how-
ever, complete pain relief was not obtained. MRC showed
NVC at the proximal part of the trigeminal nerve by the left
VA (►Fig. 2A).

The fusion image of CTA and MRC showed NVC. The
trigeminal nerve was directly compressed by the PICA, and
indirectly compressed by the VA (►Fig. 2B). The patient
underwent endoscopic MVD. The trigeminal nerve was
compressed by the VA and PICA complex (►Fig. 2C). VA
was transposed caudally and fixedwith Teflon felt and fibrin
glue. Next, Teflon felt was interposed between the PICA and

Table 1 WSS magnitude before and after endoscopic microvas-
cular decompression showing a decrease in WSS magnitude from
4.3 Pa to 2.9 Pa

WSS magnitude (Pa)

Preoperative 4.3

Post operative 2.9

Abbreviation: WSS, wall shear stress.

Fig. 2 (A) Magnetic resonance imaging (MRI) cisternogram showing right trigeminal nerve and vertebral artery nerve vessel contact. (B) Computed
tomography angiography (CTA) and MRI cisternogram fusion image showing neurovascular contact of the trigeminal nerve and vertebral artery (VA),
superior cerebellar artery (SCA), and posterior inferior cerebellar artery (PICA). (C,E) Intraoperative endoscopic view before and after decompression. (D,F)
Computational fluid dynamics (CFD) analysis before and after decompression. TN, trigeminal neuralgia; WSS, wall shear stress.
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the trigeminal nerve (►Fig. 2E). The patient had complete
relief from symptoms in the immediate postoperative period
without complications.

CFD analysis was studied on the offending VA around NVC
region before (►Fig. 2D) and afterMVD (►Fig. 2F). TheVAwas
separated into four segments for CFD analysis. TheWSSMwas
obtained and compared before (►Fig. 2D) and after MVD
(►Fig. 2F). As a result, WSSM at the NVC segment on the VA
(7.8 Pa) was decreased after MVD (7.1 Pa; ►Table 2).

Discussion

The VA is associated with TN in 2 to 6% of cases.7,8 Usually,
multiple vessels are associated with nerve vessel conflict in
VA-related cases. Evaluation of the pathogenicity of the
compression ismandatory to inspect the cause of TN because
NVC also occurs in many asymptomatic patients.9,10

Lin et al reported that a large diameter of the compressing
artery increases the possibility of the contact being symp-
tomatic.9 Since arteries are more expected to become symp-
tomatic than veins, information, like flow, velocity, or
pressure originating from blood flow, would also influence
the pathogenicity of NVC.9

While assessing local hemodynamic parameters of cere-
bral arteries in vivo is challenging, image based CFD simu-
lations have recently been proposed to investigate the local
hemodynamics of cerebral vascular diseases.10,11 Among the
various parameters secured from CFD simulation, WSS has
been contemplated to play a key role in the interaction
between blood flow and surrounding tissue. WSS is a fric-
tional force of the blood on the epithelial layer. It is known to
modulate intracellular signaling cascades and gene expres-
sion via stimulation of mechanoreceptors on the endothelial
cells, resulting in the formation of cerebral vascular diseases,
such as cerebral aneurysms and atherosclerosis.10,11 Thus,
WSS may be used to indicate hemodynamic stress caused by
the blood flow of the offending artery in TN patients. There
may be a relationship betweenWSS and the pathogenicity of
NVC. Recent studies have indicated the involvement of CFD in
neurovascular compression syndrome.12–14 Satoh et al ret-
rospectively analyzed the offending artery of 20 symptom-
atic TN and hemifacial spasm patients. They reported a
relatively high magnitude of WSS at NVC compared with
the surrounding site of NVC.13 We investigated the WSSM
and numerically assessed WSSM in the individual cases in
preoperative and post-operative CTA. At the offending seg-
ment, the segment of contact had multiple thin slices, and
the mean of all thin slices was considered.

Wehavemultiple vessels associatedwith symptomatic TN
in these two cases. It is necessary to establish the involve-
ment of a particular vessel in the causation of symptomatic
nerve vessel conflict. WSSM is reduced after decompression.
Both patients have complete symptomatic relief after de-
compression. Retrospectively we can conclude that the re-
duction in WSSM of the offending artery after MVD is
associated with adequate decompression of nerve vessel
conflict. Significant involvement of the VA in nerve vessel
conflict. After analyzing a large number of cases, we may
come up with statistical significance.

Conclusion

In this study, we report two cases of TN who underwent
endoscopic MVD. This preliminary study indicates that CFD
evaluation of the NVC may enhance the treatment strategy
for TN, in addition to the morphological contact at the
preoperative imaging and actual operativefield and decrease
ofWSSMon the offending artery at the NVC afterMVD can be
an additional indicator of decompression.
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