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Abstract
Introduction The purpose of this study is to apply contrast-
enhanced 3D fast-imaging employing steady-state acquisi-
tion (3D-FIESTA) imaging to the evaluation of cranial
nerves (CN) in patients with cavernous sinus tumors.
Methods Contrast-enhanced 3D-FIESTA images were ac-
quired from ten patients with cavernous sinus tumors with a
3-T unit.
Results In all cases, the trigeminal nerve with tumor
involvement was easily identified in the cavernous portions.
Although oculomotor and abducens nerves were clearly
visualized against the tumor area with intense contrast
enhancement, they were hardly identifiable within the area
lacking contrast enhancement. The trochlear nerve was
visualized in part, but not delineated as a linear structure
outside of the lesion.
Conclusions Contrast-enhanced 3D-FIESTA can be useful
in the assessment of cranial nerves in and around the
cavernous sinus with tumor involvement.
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Introduction

Treatment for tumors occupying the cavernous sinuses is
difficult, and major complications such as occlusion of the
internal carotid artery (ICA) and creation or aggravation of

cranial nerve deficits are almost always associated with
radical removal. Radiation therapy may also damage the
neighboring neurovascular structures [1, 2]. Therefore,
detection of individual cranial nerves may be useful for
better treatment planning. However, visualization of nerves
by conventional MR imaging protocols alone does not
provide adequate information [3, 4].

Contrast-enhanced (CE) 3D fast-imaging employing
steady-state acquisition (3D-FIESTA) or constructive interfer-
ence in steady state (CISS)MR imaging providing high spatial
resolution have successfully delineated individual normal
cranial nerves [3–7]. In addition, it has been shown that
gadolinium-based contrast agent increases relative contrast
between the background structures and the cranial nerves
within the cisterns or in the sinuses on FIESTA [5, 6],
resulting in high detectability of the cranial nerves. Applica-
tion of this technique in the evaluation of facial and cochlear
nerves displacement by vestibular schwannomas has been
demonstrated [7, 8], but there is no report, to our knowledge,
on the identification of the cranial nerves involved by the
cavernous sinus tumors. We report herein ten cases with
cavernous sinus tumors evaluated with CE 3D-FIESTA.

Materials and methods

Eight women and two men (27–78 years old, five
meningioma, two hemangioma, one lymphoma, one pitui-
tary adenoma, and one metastasis) underwent MR imaging
for the evaluation of cavernous sinus lesions.

Examinations were performed with a 3-T unit (SIGNA
HDx; GE Healthcare). Following routine non-enhanced
imaging, gadolinium-based contrast agent was manually
injected (0.1 mmol/kg body weight), and T1-weighted
images with 3D SPGR (TR/TE, 5.0/1.7; FOV, 240 mm;
ST, 1 mm; SS, 1 mm; matrix, 256×256) were first obtained.
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Imaging with FIESTA protocol (TR/TE, 6.0/2.1; FOV,
160 mm; ST, 0.4/0.6 mm; SS, 0.2/0.3 mm; matrix, 384×
384, axial view) was subsequently performed. Images were
reconstructed in sagittal and coronal views for the evalua-
tion of the cranial nerves.

Results

In all ten cases, the oculomotor, trigeminal, and abducens
nerves were clearly visualized outside of the tumors on CE
3D-FIESTA. The trochlear nerves were intermittently
observed outside of the tumor.

Fig. 1 Contrast-enhanced 3D-FIESTA in oblique axial view shows
the right oculomotor nerve emerging from the midbrain, piercing the
dura mater, running along the lateral wall of the cavernous sinus
involved by hemangioma, then enter the orbit through the superior
orbital fissure (arrows)

Fig. 2 Contrast-enhanced 3D-FIESTA in oblique axial view shows the
right abducens nerve emerging from the brainstem, piercing the dura
mater, entering the cavernous sinus to run in the middle of the tumor and
then entering into the orbit through the superior orbital fissure (arrows)

Fig. 3 Contrast-enhanced 3D-FIESTA in coronal view shows the
right cavernous sinus involved by hemangioma, the oculomotor nerve
(large black arrows), the trochlear nerve (small black arrow), the
trigeminal nerves; V1 (large white arrows), V2 (small white arrows),
and the abducens nerve (black arrowhead)

Fig. 4 Contrast-enhanced 3D-FIESTA in axial view of the left cavernous
sinus meningioma irradiated 3 and 10 years ago. Some parts of the
trochlear nerve are visible against the contrast-enhanced lesion (arrows),
but not in the area without contrast enhancement (asterisk). The
trigeminal nerve in the Meckel’s cave is also shown (arrowheads)
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The entire length of the oculomotor nerves involved in
tumor was visible on CE 3D-FIESTA in all (Fig. 1). In five
of ten cases, almost the entire length of the abducens nerves
were identified running through the middle of the tumor
(Fig. 2). Trochlear nerves were, again, only partly shown in
all (Fig. 3). In one case of lymphoma, the abducens nerve
was scarcely detected within the tumor with intense
enhancement. In another case of hemangioma, the abducens
nerve was minimally identified within the part of the tumor
lacking contrast enhancement, which may correspond to
degenerated or necrotic tissue (Fig. 4) Trigeminal nerves
running lateral (V1) or inferolateral (V2) to the ICA were
also clearly visualized in all but one case of lymphoma.
Trochlear nerves were again only partly shown.

In one case of clinically suspected meningioma irradiat-
ed 10 and 3 years before, abnormal enhancement of the
oculomotor nerve was visualized within and out of the
tumor on T1-weighted images.

Discussion

Anatomy of the cavernous sinus has been well studied and
explored [5, 9–16]. As previous studies have shown, CE
3D-FIESTA visualizes the CN III–VI in the cavernous
portion against the contrast-enhanced normal structures
with a delectability of 65–100% [5]. We tried to apply this
technique to the evaluation of the cranial nerves running
through the cavernous sinus with tumor involvement.

Oculomotor nerves running superolateral and lateral to
the ICA, and trigeminal nerves running inferolateral to the
ICA were easy to identify. Compared to the abducens and
trochlear nerves, it seems that the oculomotor and trigem-
inal nerves are thick and thus less vulnerable, or that they
are thick enough to be detected even when the contrast
enhancement of surrounding structures is relatively faint.

Abducens nerves, the only nerve running inside of the
cavernous sinus, were clearly shown in five cases. The
nerves were easily identified when the enhancement of
the surrounding tumor was intense, but not within the part
showing mild or no enhancement. However, in one case of
lymphoma, CN V and CN VI nerves were not visible
despite the intense enhancement of the tumor; thus,
visibility of the nerves is not only dependent on the contrast
enhancement of the surrounding structures. The patient
suffered from CN V palsy and it seems that the invisibility
is attributable to the abnormal enhancement of the nerve
itself or the disruption of the nerve.

One limitation of the CE 3D-FIESTA is that it is sometimes
difficult to discriminate cranial nerves from vascular struc-
tures. Although it is reported that trochlear nerves are shown at
least in three consecutive sections in 65% of the cases in a
previous study [7], they were hardly identified as linear

structures in the cavernous portion in our cases. It was
therefore necessary to distinguish the trochlear nerves from
vascular structures by their location and continuity or by
contrast enhancement. Although not as high as FIESTA in
spatial resolution, CE 3D SPGR images were useful to
distinguish tiny nerves from vascular structures or in
evaluating abnormal enhancement of the cranial nerves;
when employed combined with FIESTA, it could compen-
sate the limitation and add some qualitative information.

In conclusion, we confirmed that CE 3D FIESTA
imaging can be useful in the assessment of cranial nerves
in and around the cavernous sinus with tumor involvement.
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