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Abstract

Introduction: Both trigeminal neuralgia (TN) and hemifacial spasms (HFS) cause vascular compression of the fifth and sev-
enth cranial nerves, respectively, at the root entry zone. This study proposes a new technique for using both three-dimen-
sional (3D) constructive interface in steady state (CISS) magnetic resonance imaging (MRI), magnetic resonance angiography
(MRA), and computerized tomography angiography (CTA) to show vascular compression on the trigeminal and facial nerves.
Methods: The study included 10 patients presenting with TN and HFS. The post-processing software Osirix was used to
combine pre-operative 3D CISS MRI, MRA, and CTA to render a manipulative 3D image. This 3D image can be printed and
used to show the vascular compression before the surgery.

Results: Of the 10 patients, four were male and six were female. All radiological imaging was imported to the Osirix DICOM
Viewer. The vascular compression was shown in nine of the patients. In nine patients displaying vascular compression were
found to have anatomic consistency (determined during surgery) to that of the 3D model. One patient did not display vas-
cular compression in either the 3D models or images.

Discussion and Conclusion: The use of 3D CISS MRI, MRA, and CTA to create manipulative 3D images and models was
shown to be useful in pre-operative surgical planning for patients with symptoms of vascular compression, for whom previ-
ous medical interventions had failed. If venous compression is not observed, it is important to be aware of the potential to
compression of a vein and various other non-vascular lesions.
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Trigeminal neuralgia (TN) consists of paroxysmal bouts
of pain in trigeminal nerve innervation. TN typically
does not manifest until after age 40 and becomes increas-
ingly prevalent as age increases!!l. Hemifacial spasms
(HFS) are a movement disorder of the seventh cranial
nerve that is characterized by either brief or persistent
and intermittent twitching of the muscles innervated by
the facial nervel2l. Diagnosis of TN and HFS is usually clini-
cal. Magnetic resonance imaging (MRI) and computerized
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tomography angiography (CTA) are usually performed to
understand the pathophysiology of the diseasel34]. The
cause of disease is typically vascular compression of the
fifth and seventh cranial nerves at the root entry zone.
There are other diseases and conditions, which may re-
semble and should be differentiated from TN and HFS.
Due to the location of symptoms at face, TN may be ini-
tially mistaken for dental pain. Conditions such as vestibu-
lar schwannomas, meningiomas, epidermoid cysts, sac-
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cular aneurysms, or arteriovenous malformations can
also cause TN. Multiple sclerosis and compressive lesions
rarely cause TN. Additional rare causes that have been
reported in recent literature include pontine infarction,
brachium pontis, cavernous angioma, cysticercosis, amy-
loidoma of Meckel’s cave, sarcoid granuloma, and Chiari |
malformationl'5]. Vein compression is also considered in
TN’'s pathogenesis, either alone or in combination with ar-
terial compression(®. Blepharospasm, tardive dyskinesias,
motor tics, psychogenic HFS, focal cortical seizures involv-
ing the facial muscles, and aberrant regeneration after
facial nerve injury can mimic HFS2l. Due to this, pre-op-
erative radiological imaging with MRl and CTA should be
performed to understand the exact pathophysiology*7],
These patients should be assessed thoroughly through
detailed neurological examinations to decide the best
option for treatment. Treatment options include non-
surgical interventions, radiofrequency gangliolysis, bal-
loon compression, stereotactic surgery, or microvascular
decompression, especially for TN. Microvascular decom-
pression is the first invasive treatment option for vascu-
lar compression. Different types of MRI sequences can be
used to show vascular compression. For both TN and HFS,
3D constructive interface in steady state (CISS) MRI has
proven to be a good method of diagnosing vascular com-
pressionl®l. It is also important to review and understand
the bony and vascular anatomy by means of CT and CTA
before surgery. The purpose of this study was to assess
the usefulness of creating manipulative 3D models and
images using 3D CISS MRI combined with CTA and mag-
netic resonance angiography (MRA) imaging to show the
vascular compression on cranial nerves in the skull base.

Materials and Methods

The subjects of the study included 10 patients, eight of
which had TN and two of which had HFS. After perform-
ing a neurological examination and an MRI, patients
with tumors, multiple sclerosis, and infarctions were
excluded from the study. Only vascular compressions
were included in the study. After brain MRI, MRA, and/
or CTA, all of the DICOM images were imported to the
Osirix MD DICOM software. (Pixmeo, FDA cleared 510 k
Class Il medical device for MacOsX). A CTA of the head
was performed, first without contrast and then with 100
mL of Omnipaque 350 intravenous contrast according to
a stereotactic thin cut slice protocol. An MRI of the brain
was performed before and following the administration
of 7 mL Gadavist intravenous gadolinium contrast, ac-
cording to a dedicated internal auditory canal proto-

col. An MRA of the circle of Willis was obtained without
contrast utilizing a time-of-flight (TOF) technique. After
point-based recognition of all images, a model was pro-
duced for TN of the fifth nerve and brain stem using the
DICOM Viewer. After choosing the region of interest,!3!
pixel value inside the ROl was set to 1000. Outside of
the ROI, pixel value was changed to —1000. Using this
method, a 3D volumetric image of the fifth nerve and
brain stem is displayed as white. Using the same DICOM
viewer, the produced 3D image is combined with CTA
and MRA to very easily see the relationships between
bone, vascular anatomy, the brain stem, and cranial
nerves. A retrosigmoid approach can be simulated in
this software, which helps to understand the anatomy
from a surgical perspective (Fig. 1). The same process is
done for the seventh nerve, as seen in the HFS case. All
of the produced imaging and models were representa-
tive of the anatomy observed during surgical exposure.

Results

Four patients were male and six were female. Each pa-
tient was carefully assessed by neurological examination
and all radiological imaging was imported to the Osirix
DICOM Viewer. Two independent neurosurgeons pre-
pared the data in the Osirix DICOM Viewer. The vascu-
lar compression was shown in nine of the patients. Both
patients displaying vascular compression were found to
have anatomic consistency (determined during surgery)
to that of the 3D model. One patient did not display vas-
cular compression in both the 3D models and images.
In this patient, we saw venous compression during the
surgery. We compared our results with two different
neurosurgeons. There were no noticeable differences
among the investigators. All of the patients were oper-
ated under general anesthesia. There was neither mor-
tality nor morbidity noted in any case after a 3-month
follow-up. All of the patients were discharged from the
hospital on the 2nd post-operative day.

Figure 1. Pre-operative 3-dimensional construction through Osirix.
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Discussion

For patients presenting with TN or FHS symptoms, the goals
of treatment should include pain relief, tissue diagnosis,
and tumor resection/decompression without producing
new neurological deficits. In the absence of a mass lesion,
decompression of the trigeminal nerve, such as in the case
of microvascular decompression, has been demonstrated
to be safe and effective,®] even in elderly subjects.

In our study, we demonstrate the importance of creat-
ing manipulative 3D imaging and models using 3D CISS
MRI and CTA, to achieve a better understanding of the
surgical anatomy before performing microvascular de-
compressions for patients with TN and HFS. 3D CISS is a
gradient-echo MRI sequence that is used to investigate a
wide range of pathologies when routine MRI sequences
do not provide the sufficient anatomic information. The
increased sensitivity of the 3D CISS sequencing is a re-
sult of the accentuation of the T2 values between cere-
brospinal fluid (CSF) and pathological structures. Apart
from its well-recognized applications in the evaluation of
the cranial nerves, CSF rhinorrhea, and aqueduct stenosis,
we have found the CISS sequencing to be useful for the
cisternal spaces, cavernous sinuses, and the ventricular
system, where it is useful for detecting subtle CSF-inten-
sity lesions that may be overlooked or missed on routine
spin-echo sequences. Kumon et al. "% used spoiled gra-
dient recalled MRI and MRA in 3D reconstruction to show
the compression for TN and HFS. Majole et al.l"'l showed
effectiveness of fast inflow with steady-state precession
and contrast material-enhanced magnetization-prepared
rapid acquisition gradient-echo sequences to show the
vascular compression. Shigematsu et al. ['2 used Virtual
MRI endoscopy to show compression on the fifth and sev-
enth nerve in six cases. Later, Ishimori et al. ['3] used the
same techniques effectively. Tsuchiya et al.l®l showed the
effectiveness of 3D CISS MRI for treating TN and HFS as
well. Anderson et al. ['4 showed that 3D TOF MRA when
used in combination with Gad-enhanced 3D spoiled gra-
dient-recalled sequences could visualize neurovascular
compression accurately in patients with TN. Cha et al. [°]
reported the combined imaging of T2/FLAIR (Fluid-at-
tenuated inversion recovery) enable us to evaluate neu-
rovascular indentation more accurately. Moreover, multi-
planar reconstructions of 3D FLAIR VISTA and 3D T2 VISTA
fusion imaging yield excellent differentiations between
vessel structures and CSF and enables confident and sim-
ple spatial evaluation of the vessel and nerve. Zhou et al.

[16] reported that contrast-enhanced 3D TOF MRA is use-
ful in the detection of vascular contact with the trigem-
inal nerve in patients with TN. They showed that 3D fast
imaging employing steady-state acquisition images can
show the vascular compression as welll'”]. Chen et al.[8]
demonstrated use of MRl and CT imaging combination in
rhizotomy cases. Adamczyk et al.l'! reported that con-
tact between a trigeminal nerve root and an artery in the
pre-pontine cistern can be a frequently seen anatomical
variant, which should be considered. Hitchon et al.[2% re-
ported that the resolution of MRI was congruent with op-
erative findings in 84% in TIC and 75% in HS. This review
emphasizes that the decision to undertake MVD in TIC or
HS should be based on clinical diagnosis and not visual-
ization of a compressing vessel by MRI. Conversely, the
presence of a compressing vessel by MRI demands perse-
verance by the surgeon until the nerve is decompressed.

In our study, we used combined imaging of CISS MRI, MRA,
and CTA. Fusion of 3D CISS MRl and CTA proved to be much
better for understanding the surgical anatomy, showing
the vascular compression, and ultimately, if the patients
have symptoms and the effectiveness of performing mi-
crovascular decompression to treat TN and HFS. If vascular
compression is present and the patient is not symptomatic,
it is not necessary to treat them. Neurological examination
is essential for decision-making regarding cases of TN and
HFS, but if there is no vascular compression, it is imperative
to be mindful of venous compression or other non-vascular
complications. Non-surgical treatments should always be
considered as the first treatment option for these patients.
Prospective and randomized trials are required in larger
patient, population is needed to show effectiveness of this
method.

Conclusion

Fusion of 3D CISS MRI, MRA, and CTA to create manipula-
tive 3D images and models was shown to be useful in pre-
operative surgical planning for patients with symptoms
(and ultimately the presence) of vascular compression, for
whom previous medical interventions had failed.
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