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Identification of the Normal Jugular Foramen and
Lower Cranial Nerve Anatomy: Contrast-Enhanced
3D Fast Imaging Employing Steady-State
Acquisition MR Imaging
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SUMMARY: Conventional imaging protocols are unable to visualize the intraforaminal/canalicular seg-
ments of the lower cranial nerves (IX–XII). On the basis of previous successful demonstration of
individual cranial nerves within the cavernous sinus by constructive interference in steady-state MR
imaging, we describe the use of contrast-enhanced 3D fast imaging employing steady-state acquisition
MR imaging to demonstrate normal in vivo intraforaminal and canalicular segments of cranial nerves
IX–XII in 10 patients by using a standardized imaging protocol.

The detection of individual cranial nerves in the intrafo-
raminal portion of the jugular foramen and hypoglossal

canal is useful in diagnostic imaging1; however, visualization
by using conventional MR imaging protocols does not provide
adequate detail of individual nerves.2,3 Recently, contrast-
enhanced 3D constructive interference in steady state (CISS)
MR imaging has successfully demonstrated the trigeminal
ganglion and its divisions and individual cranial nerves within
the cavernous sinus.4,5 3D fast imaging employing steady-state
acquisition (FIESTA) is a similar form of steady-state se-
quence MR imaging. Evidence has shown a proportional in-
crease in contrast between the background structures and the
cranial nerves within the cisterns as the concentration of gad-
olinium-based contrast agent increases with 3D steady-state
imaging sequences.4,6

This Technical Note describes the use of 3D-FIESTA imag-
ing after intravenous administration of gadodiamide hydrate
contrast to demonstrate the normal anatomy of the intrafo-
raminal and canalicular portions of cranial nerves IX–XII.

Description of the Technique
Detectability of the intraforaminal/canalicular segments of cranial

nerves IX–XII was evaluated in 10 consecutive patients undergoing

routine follow-up imaging for vestibular schwannomas. Patients in-

cluded 6 men and 4 women (mean age, 56.8; range, 36 – 68 years).

MR Imaging
The examinations were performed on a 1.5T unit (Signa Excite HD;

GE Healthcare, Bucks, UK) with a standard head coil and pre- and

postcontrast enhancement with a standardized FIESTA MR imaging

protocol. Gadodiamide hydrate (Omniscan; GE Healthcare) was ad-

ministered at 0.1-mmol/kg body weight as an intravenous contrast

agent. The pulse sequence used was the following: 3D FIESTA-C (TR/

TE/NEX, 5.5/1.7/3.00; 180 � 180 mm [read x phase encode] FOV;

0.4-mm effective section thickness; 448 � 448 matrix; and imaging

time of 8 minutes 21 seconds).

Image Analysis
The datasets obtained were reconstructed in the 3 orthogonal/oblique

planes in relation to the cisternal course of the cranial nerves. Images

were viewed on high-resolution monitors with a multiplanar recon-

struction program (Advantage Workstations; GE Healthcare).

The initial evaluation involved an assessment of the division of the

jugular foramen into the pars nervosa and pars vascularis, separated

by the fibrous or bony septum (jugular ligament) represented by a

dark line (Fig 1). A further attempt was then made to identify cranial

nerves IX–XII within the jugular foramen and hypoglossal canal, ap-

pearing as hypointense bands or spots. The continuity of nerves was

confirmed by tracking their courses proximal and distal to the skull

base on �3 consecutive sections in the reconstructed planes to distin-

guish these from other structures and artifacts, thereby reducing false-

positives. Comparison with the precontrast images was then under-

taken after identification of cranial nerves on the postcontrast images.

This process averaged 26 minutes (range, 18 –35) per patient to re-

construct, analyze, and correlate the imaging with the anatomic

course of lower cranial nerves.

The images were evaluated by 2 neuroradiologists, making initial

evaluations independently but resolving any inconsistencies by col-

laborative review and consensus agreement.

Results
There was consensus agreement that enhancement of the jug-
ular vein and associated venous plexus surrounding the cra-
nial nerves provided excellent contrast of the small structures
within the jugular foramen on FIESTA images, unlike on pre-
contrast FIESTA (Fig 2) and standard imaging sequences.

The jugular ligament was identified on the contrast-
enhanced sequence in all 20 jugular foramina. The intrafo-
raminal and canalicular segments of cranial nerves IX–XII
were localized in all cases consistent with the known anatomic
courses of cranial nerves IX–XII (Fig 3). Disagreement be-
tween observers relating to the identification of the spinal
roots of the accessory nerve (XI) occurred in 2 cases but was
resolved by consensus review and agreement.

Discussion
As early as 1985, Daniels et al7 attempted to correlate the
course of cranial nerves IX through XI in cadaveric specimens
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with standard 1.5T MR imaging. With the advent of steady-
state imaging, the use of uncontrasted CISS/FIESTA se-
quences have become an integral part of the assessment of
pathology involving the cranial nerves VII and VIII (particu-
larly vestibular schwannomas).6,8 In 2001, Seitz et al2 sug-
gested a combination of 3D CISS and magnetization-prepara-
tion rapid gradient-echo imaging, where the 2D technique had
failed to demonstrate lower cranial nerves. Its utility had been
extended in the successful demonstration of the visualization

of microvascular compression of cranial nerve IX in glosso-
pharyngeal neuralgia9 and the cochlear nerve in presurgical
cochlear-implant candidates (high-field 3T).10

The steady-state sequence depicts small structures sur-
rounded by CSF with high contrast and spatial resolution,
using a refocused gradient-echo sequence. This uses a phase-
cycling technique and a steady-state contrast mechanism to
provide high signal intensity-to-noise ratio images with heavy
T2-weighted signal intensity while suppressing background

Fig 1. Axial postcontrast FIESTA acquisition through the
jugular foramen (A) and a diagrammatic representation of the
corresponding axial section (B) (adapted from Leblanc A. The
Cranial Nerves: Anatomy-Imaging-Vascularization. 2nd ed.
Berlin, Germany: Springer; 1996) showing the following:
opacified internal jugular vein (IJV), internal carotid artery
(IC), jugular ligament (JL), petro-occipital ligament (PL), and
division of the pars nervosa (PN) from the pars vascularis
(PV).

Fig 2. Axial pre- (A) and postgadolinium (B) FIESTA acquisitions showing the length of the vagus nerve (X) bilaterally. The images were windowed at comparable levels (C:3886, W:12,502)
demonstrating the effect of enhancement of the venous plexus adjacent to the intraforaminal segment of the cranial nerves (arrowheads).

Fig 3. Postgadolinium FIESTA acquisitions reformatted in the
following planes: the coronal-oblique plane demonstrating
the spinal roots of the accessory nerve (XI) (A, white arrow-
heads); the sagittal-oblique plane demonstrating the intrafo-
raminal segments (B, white arrows) of the glossopharyngeal
(IX), vagus (X), cranial accessory (XI), and spinal accessory
(XI*) nerves adjacent to the opacified jugular vein (JV); the
coronal-oblique plane demonstrating a left vestibular
schwannoma (AS) of the vestibulocochlear nerve (VIII) and
the intraforaminal segments (C, white arrowheads) of the
glossopharyngeal (IX), vagus (X), and cranial accessory (XI)
nerves adjacent to the opacified jugular vein (JV); and the
coronal-oblique plane demonstrating the cisternal course (D,
black arrow) and intracanalicular segment (D, white arrow-
head) of the hypoglossal nerve (XII).
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tissue. The sequences are extremely short (TR) between radio-
frequency pulses, such that high-resolution 3D volume images
can be acquired rapidly.11 The jugular ligament and intrafo-
raminal/canalicular segments of cranial nerves IX–XII were
consistently and distinctly demonstrated in all our patients
with this technique. This was further facilitated by enhance-
ment of the adjacent jugular vein and venous plexus, resulting
in an increase in contrast between cranial nerves and the back-
ground, similar to that previously described within the
cisterns.4-6

The application of contrast-enhanced steady-state imaging
has recently successfully delineated cranial nerves in the cav-
ernous sinus4 as well as the trigeminal ganglion and its motor
and sensory divisions.5 To our knowledge, assessment by con-
trast-enhanced steady-state MR imaging has, however, never
been performed to visualize the intraforaminal/canalicular
segments of the lower cranial nerves before this study.

The identification of normal cranial nerves may have im-
plications in determining the involvement by pathologic pro-
cesses as well as for neural preservation surgery of tumors in
this region.12 However, the authors acknowledge that the vari-
ability in the course of the cranial nerves within the jugular
foramen may hinder the full utility of this technique.

Conclusion
The reproducibility and consistency in demonstrating the dis-
tinct anatomic courses of cranial nerves IX–XII of contrast-
enhanced 3D-FIESTA MR imaging in vivo makes this tech-
nique potentially useful in the evaluation of the extent of
cranial nerve involvement by tumors. It can be more accu-
rately compared with traditional combinations of clinical
symptoms, standard CT, and MR imaging and is useful in

planning before biopsy and neural preserving surgical
procedures.
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