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Steady-State MR Imaging and 3D Time-of-Flight
MR Angiography in Neurovascular Compression:
A Comparison between 3T and 1.5T
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T. Zumbrunn
J. Rösch

P. Hastreiter
A. Dörfler

BACKGROUND AND PURPOSE: High-resolution MR imaging is useful for diagnosis and preoperative
planning in patients with NVC. Because high-field MR imaging promises higher SNR and resolution, the
aim of this study was to determine the value of high-resolution 3D-CISS and 3D-TOF MRA at 3T
compared with 1.5T in patients with NVC.

MATERIALS AND METHODS: Forty-seven patients with NVC, trigeminal neuralgia, hemifacial spasm,
and glossopharyngeal neuralgia were examined at 1.5T and 3T, including high-resolution 3D-CISS and
3D-TOF MRA sequences. Delineation of anatomic structures, overall image quality, severity of arti-
facts, visibility of NVC, and assessment of the SNR and CNR were compared between field strengths.

RESULTS: SNR and CNR were significantly higher at 3T (P � .001). Significantly better anatomic
conspicuity, including delineation of CNs, nerve branches, and assessment of small vessels, was
obtained at 3T (P � .02). Severity of artifacts was significantly lower at 3T (P � .001). Consequently,
overall image quality was significantly higher at 3T. NVC was significantly better delineated at 3T (P �
.001). Six patients in whom NVC was not with certainty identifiable at 1.5T were correctly diagnosed
at 3T.

CONCLUSIONS: Patients with NVC may benefit from the higher resolution and greater sensitivity of 3T
for preoperative assessment of NVC, and 3T may be of particular value when 1.5T is equivocal.

ABBREVIATIONS: CISS � constructive interference in steady state; CN � cranial nerve; CNR �
contrast-to-noise ratio; MIP � maximum intensity projection; MVD � microvascular decompres-
sion; NVC � neurovascular compression; REZ � root exit zone; SI � signal intensity; TOF �
time-of-flight; VRT � volume-rendering technique

Although trigeminal neuralgia, hemifacial spasm, and glos-
sopharyngeal neuralgia can be caused by tumors, vascular

malformations, or demyelinating processes, most cases result
from NVC.1 NVC is caused by arteries or veins compressing or
indenting nerve roots,2,3 usually as they traverse the basal cis-
terns close to the REZ. A close anatomic relationship or even
direct contact between a nerve and a vessel, however, does not
necessarily imply that the patient is or will become symptom-
atic, because this is often seen in asymptomatic patients.
Moreover, in some patients with unilateral symptoms, imag-
ing may depict a close neurovascular relationship on both
sides. Therefore, the term “NVC” should only be used for
symptomatic patients in whom the side of the close neurovas-
cular relationship seen on MR imaging matches the side of the
patient symptoms.

Trigeminal neuralgia is the most common of all NVC syn-
dromes and is characterized by paroxysmal facial pain affect-

ing �1 division of the fifth CN.4 Hemifacial spasm1,2 and glos-
sopharyngeal neuralgia are less common and result from
compression of CN VII and CN IX, respectively, at the
REZ.2,4-6 Hemifacial spasm manifests as involuntary contrac-
tions or paroxysmal spasms of the facial muscles,1 whereas
glossopharyngeal neuralgia is characterized by bursts of lanci-
nating pharyngeal pain.

If medical therapy fails to relieve the pain, then other meth-
ods can be offered, including stereotactic radiosurgery and
MVD. MVD1,4,6 is generally recommended for younger pa-
tients with a longer life expectancy and has been shown to
be more effective than stereotactic radiosurgery,7,8 providing
long-term improvement or complete resolution in most
cases.1,4 Because the presence and severity of NVC highly cor-
relate with the outcome after MVD,4 detailed preoperative
anatomic evaluation by MR imaging is widely used for precise
assessment of neurovascular relationships. Furthermore, ac-
curate delineation of the responsible vessel may decrease the
rate of possible operative complications such as nerve paresis.1

The optimal images for evaluation of neurovascular rela-
tionships are high-resolution 3D MRA sequences, which allow
visualization of small vessels, and high-resolution heavily
T2WI 3D sequences with a very high CSF-tissue contrast such
as the CISS sequence or its equivalent, the fast imaging em-
ploying steady-state acquisition9 sequence which enables the
best assessment of an accurate relationship between nerve
roots or their branches and adjacent vessels.10-12

High-field MR imaging (3T and higher) has the potential
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to significantly improve clinical care in various neurologic
disorders13,14 because it offers increased diagnostic sensitivity
and specificity due to its higher SNR,15,16 and improve-
ments at 3T have already been established for several MRA
sequences15,17 and 3D-T2WI.6,18

The aim of this study was to determine the diagnostic per-
formance of high-resolution 3D-CISS and 3D-TOF MRA at
3T compared with 1.5T MR imaging in NVC, both quantita-
tively and qualitatively.

Materials and Methods

Subjects and Imaging Protocol
The study was approved by our institutional review board, and in-

formed consent was obtained from all patients after the investigative

character of the study had been fully explained. Forty-seven symp-

tomatic patients (24 women, 23 men; mean age, 55.2 years) with NVC

(36 with trigeminal neuralgia, 8 with hemifacial spasm, 3 with glos-

sopharyngeal neuralgia) were prospectively examined on both 1.5T

and 3T scanners (Sonata and Magnetom Tim Trio; Siemens, Erlan-

gen, Germany). To exclude other pathologies causing nerve compres-

sion, conventional T1WI with and without contrast enhancement

and T2WI were additionally performed at the first MR imaging ex-

amination (1.5T or 3T only). The time interval between the 2 exam-

inations was �36 hours in 31 patients, between 1 and 3 weeks in 8

patients, between 3 and 4 months in 3 patients, between 8 and 15

months in 3 patients, 2.5 years in 1 patient, and 3.5 years in 1 patient.

Imaging parameters were kept as similar as possible at approxi-

mately similar acquisition times.19 The detailed MR image parame-

ters for the 3D-CISS and 3D-TOF MRA are given in Tables 1 and 2.

Image Analysis
Qualitative Assessment. The score for the overall image quality,

based on the conspicuity of anatomic structures and the severity of

pulsation and motion artifacts, was assessed in all 47 patients. A sep-

arate score representing the presence and severity of artifacts only was

additionally assessed in all 47 patients. For anatomic assessment, the

following structures were evaluated on both the 3D-CISS and 3D-

TOF MRA: posterior cerebral artery, superior cerebellar artery, ante-

rior inferior cerebellar artery, posterior inferior cerebellar artery, cav-

ernous sinus, and the boundary between the cavernous sinus and the

ICA. For the 3D-CISS images, we additionally assessed the following

anatomic structures: CN V, branches of CN V (V1, V2, V3), CN VII,

CN IX, CN X, as well as identification and conspicuity of the NVC.

When a nerve compression by a vessel was clearly delineated in the

3D-CISS, then the relevant vessel was scrutinized on the 3D-TOF

MRA for determination of its origin and verification of the suspected

diagnosis of NVC.

Overall image quality, severity of artifacts, anatomic structures,

and visibility of NVC were each graded on a 4-point scale according

to the following: 1 � nondiagnostic/not distinguishable/image qual-

ity severely impaired, 2 � questionable for diagnosis/questionably

visible/many artifacts, 3 � adequate for diagnosis/adequately visible/

minor artifacts, and 4 � excellent/no artifacts. Each set of images was

assessed for all items by an experienced neuroradiologist, who was

only provided with the presumed diagnosis and affected side (right or

left) and blinded to all other clinical findings. The NVC was only

assessed on the symptomatic side. If close contact between a CN and

a vessel was also observed in the contralateral asymptomatic side, this

side was not evaluated for NVC.

In a separate session, overall image quality, severity of artifacts,

and visibility of the NVC of the 31 patients in whom the 2 examina-

tions were performed within 36 hours of each other were additionally

evaluated immediately after the examination and in consensus by the

above-mentioned neuroradiologist and the neurosurgeon, who per-

formed the MVD in the patients who underwent surgery. The neuro-

surgeon was aware of all available patient data.

Quantitative Analysis. Quantitative assessment of the SNR of the

basilar artery, the CNR between the basilar artery and brain stem,

and the CNR between the CSF and ICA was performed by calculation,

whereby the SNR was defined as the SI of the respective structure

Table 1: Sequence parameters for the 3D-CISS at 1.5T and 3T

Parameters 1.5T 3T
Acquisition time (min:sec) 7:03 8:26
Voxel size (mm3) 0.4 0.4
No. of slabs 1 1
Sections per slab 144 144
Distance factor (%) 20 20
FOV read (mm) 230 200
FOV phase (%) 62.5 100
Section thickness (mm) 0.4 0.4
Base resolution 512 512
Phase resolution (%) 100 100
Section resolution (%) 64 50
TR (ms) 9.65 7.48
TE (ms) 4.83 3.23
No. of averages 1 1
Flip angle (°) 90 45
Bandwidth (Hz/px) 163 250
No. of averages 1 1
No. of measurements 1 1
SNR 1 1
Phase oversampling (mm3) 0 0
Section oversampling (%) 0 22.2
Phase partial Fourier 7/8 7/8
Section partial Fourier 7/8 7/8

Table 2: Sequence parameters for the 3D-TOF MRA at 1.5T and 3T

Parameters 1.5T 3T
Acquisition time (min:sec) 15:07 15:51
Voxel size (mm3) 0.4 0.4
No. of slabs 1 1
Sections per slab 144 144
Distance factor (%) 50 50
FOV read (mm) 230 200
FOV phase (%) 62.5 100
Section thickness (mm) 0.4 0.4
Base resolution 512 512
Phase resolution (%) 100 100
Section resolution (%) 67 50
TR (ms) 40 21
TE (ms) 7.15 3.77
Flip angle (°) 25 18
Bandwidth (Hz/px) 65 212
MTC Yes No
No. of averages 1 1
No. of concatenations 1 1
No. of measurements 1 1
SNR 1 1
Phase oversampling (mm3) 0 0
Section oversampling (%) 0 22.2
Phase partial Fourier 7/8 Off
Section partial Fourier 7/8 Off

Note:—MTC indicates magnetization transfer contrast.
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divided by the SD of background noise (SNR � SI/SD), and the CNR,

by the difference in the SI between 2 selected structures divided by the

SD of background noise (CNR � SIstructure 1 � SIstructure 2/SD). The

regions of interest were of the same size and in the same location at

both field strengths in all patients.

Statistics
Comparison between 1.5T and 3T for each sequence was conducted

for each variable by means of the paired Wilcoxon signed rank tests

(with continuity correction). The P values for all tests were adjusted

with the method of Benjamini and Yekutieli,20 by controlling the

overall false discovery rate. Application of parametric tests for the

continuous variables (SNR, CNR) was not considered because their

distribution was highly skewed. Differences were considered signifi-

cant when the P value was �.05.

Results
The results of the Wilcoxon signed rank test for all compari-
sons are summarized in On-line Table 1 for the 3D-CISS and
in On-line Table 2 for the 3D-TOF MRA.

Overall Image Quality and Severity of Artifacts
Overall image quality, consisting of the degree of clarity of fine
anatomic details and the presence of various artifacts, was sig-
nificantly (P � .001) higher at 3T than at 1.5T for both se-
quences. When evaluating the exclusive presence and severity
of artifacts, we found that significantly more and also more
severe artifacts were apparent at 1.5T for both sequences. This

finding partially contributed to the significantly poorer overall
image quality at 1.5T (P � .001).

Assessment of Fine Anatomic Details
Cavernous Sinus and the Boundary between the Cavern-

ous Sinus and ICA. The anatomy of the cavernous sinus (P �
.003 for the TOF and P � .001 for the CISS sequence) and the
conspicuity of the boundary between the cavernous sinus and
ICA (P � .001 for both sequences) (Fig 1C, -D) were signifi-
cantly better delineated at 3T than at 1.5T, due to the sharper
contrast and fewer artifacts at 3T.

Arteries in the Posterior Fossa and Brain Stem Area. The
arteries in the posterior fossa and around the brain stem (pos-
terior cerebral artery, superior cerebellar artery, anterior infe-
rior cerebellar artery, and posterior inferior cerebellar artery)
were significantly better scored at 3T than at 1.5T for the CISS
sequence (P � .008) and the TOF-MRA (P � .001) sequence,
mainly due to the markedly higher contrast between tissues
(Fig 2). In the 3D-TOF MRA, more vessels were visible at 3T
compared with 1.5T (Fig 2C, -D). In some patients, small-
caliber branches of larger vessels that were hardly or not visible
at all at 1.5T could be clearly identified and characterized (ar-
tery or vein) at 3T.

Cranial Nerves. The CNs assessed in the 3D-CISS se-
quence (CN V and its branches [V1, V2, V3], CN VII, CN IX,
and CN X) yielded significantly higher scores at 3T than at
1.5T (P � .02) due to the superior definition of the CN itself
and sharper boundaries between the CNs and their surround-

Fig 1. Axial source images of 3D-CISS sequences at the level of the trigeminal nerve root (A and B) and 3D-TOF MRAs at the level of the cavernous sinus (C and D) at 1.5T (A and C)
and 3T (B and D) in the same patient. Note the ramification of the nerve root into its branches at some distance from the REZ. The branches are much better outlined at 3T than at 1.5T
in the 3D-CISS sequence (A and B). The vessels and the boundary between the cavernous sinus and ICA can be distinguished more accurately at 3T than at 1.5T in the 3D-TOF MRA (C
and D). Note the banding artifacts over the globes in the 3D-CISS at 3T (B). Ghosting artifacts are seen anterior to the CSF in the 3D-CISS at both field strengths (A and B).
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ings, mainly CSF. Similarly, the single branches of CN V could
be significantly better differentiated from the surrounding
CSF at 3T (Fig 1A, -B).

Assessment of the NVC. The NVC in the 3D-CISS se-
quence was significantly (P � .001) better defined at 3T com-
pared with 1.5T (Fig 3). There were no patients in whom a
close neurovascular relationship was excluded at 1.5T but
clearly visible at 3T. In 6 of the 47 patients (12.8%) in whom
the neurovascular relationships were not sufficiently defined
to make a certain diagnosis of NVC at 1.5T, the NVC could be
diagnosed with certainty at 3T. These 6 patients presented
with trigeminal neuralgia, and the 3D-CISS images at 3T
clearly showed a direct contact between CN V and a vein or a
branch of the superior cerebellar artery not directly at the
REZ but a few millimeters away from the REZ (Fig 3). In these
6 cases, the time interval between the 2 examinations was

�36 hours. In all cases (in 47 patients at 3T and in 41 patients
at 1.5T) in which a direct nerve compression by a vessel was
clearly detected in the 3D-CISS images at 1.5T and 3T (Fig 4),
respectively, the origin of the vessel could be reliably deter-
mined in the 3D-TOF MRA.

Assessment of Absolute Values: SNR and CNR. Com-
pared with 1.5T, at 3T the SI of the basilar artery was markedly
higher in the 3D-CISS sequence and, in most cases, higher in
the 3D-TOF MRA. Overall, the SD of background noise was
lower and differences in SI between evaluated structures (CSF
versus ICA, basilar artery versus brain stem) were higher at 3T
compared with 1.5T (data not shown). Consequently, the SNR
of the basilar artery and the CNR between the CSF and ICA
were �5 times higher, and the CNR between the basilar artery
and brain stem �6 times higher in the 3D-CISS at 3T than at
1.5T. For the 3D-TOF MRA, the calculated SNR and CNR
were also significantly (P � .001) higher at 3T; however, the
differences were less pronounced (Fig 5).

Discussion
In this study the diagnostic value of high-resolution 3D-CISS
and 3D-TOF MRA at 3T compared with 1.5T in NVC is as-
sessed. Some patients with trigeminal neuralgia, hemifacial
spasm, and glossopharyngeal neuralgia have lesions visible on
conventional MR imaging, but in most cases, the symptoms
are caused by NVC and this condition usually requires further
evaluation with high-resolution MR imaging. Although NVC
is often caused by larger arteries, it may be also caused by
smaller arterial branches or veins. High-resolution 3D-MRA
(eg, 3D-TOF MRA) and 3D-T2WI (eg, 3D-CISS) are well-
established sequences used for the preoperative assessment of
NVC.14,15,21-23 The sections can be very thin (�1 mm) and
without gaps, thereby ensuring high resolution. Because some
of the compressing vessels have a diameter �2 mm, a section

Fig 2. Axial source images of 3D-CISS sequences (A and B) and MIP of 3D-TOF MRAs (C and D) obtained at 1.5T (A and C) and 3T (B and D). The contours of the anatomic structures
can be more accurately delineated at 3T compared with 1.5T. Note that more vessels can be delineated in the MIP obtained at 3T (D) compared with 1.5T (B).

Fig 3. Axial source images of the 3D-CISS sequence at 1.5T (A) and 3T (B) of a patient with
trigeminal neuralgia on the left side showing a close relationship (arrowhead) between the
upper part of the trigeminal nerve (trigeminal neuralgia, long arrow) and a larger vein
(arrow with dot) and a smaller artery (short arrow) on the left side at some distance from
the REZ (asterisk, shown on the contralateral side). The proximate adjacency between the
trigeminal neuralgia and the small artery is visible at both field strengths. However, the
direct contact between the trigeminal neuralgia and vein is questionable at 1.5T (arrow-
head in A), whereas the direct nerve-vein contact is clearly visible at 3T (arrowhead in B),
confirming the diagnosis of NVC.
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thickness of 3 mm in conventional MR imaging may miss the
pathology.6

The most important advantage of high-field MR imaging is
its high SNR,16,24-26 which can be used to scan at higher reso-
lution and/or increased speed. Given the different properties
between field strengths, imaging parameters and examination
times were kept as equal as possible to most accurately assess
the extent of potential advantage of 3T over 1.5T in NVC.

3D-CISS is a heavily T2WI sequence with very high resolu-
tion and CSF-tissue contrast, providing detailed visualization
especially of structures surrounded by CSF.4,6,19,21

There are few studies of the beneficial properties of 3D-
CISS at 3T in patients with NVC,3,4,27 and to date, no data
about the possible improvement of 3D-CISS at 3T over 1.5T in
the same patient population with NVC are available. The in-
creased SNR at higher field strengths is useful for the conspi-
cuity of small anatomic structures.16 In this study, all assessed
vessels and CNs could be better delineated at 3T. In 6 cases of
trigeminal neuralgia, NVC was not sufficiently well-defined at
1.5T due to partial blurring of the anatomic details; in these
patients, the diagnosis of NVC was questionable or equivocal
at 1.5T but could be defined at 3T. In these patients, the NVC
was not caused by a typical nerve-vessel contact at the REZ but
rather by a vein or minuscule arterial branch at some distance
from the REZ that could be reliably delineated at 3T. All pa-
tients underwent MVD, and the neurovascular relationship
assessed in the 3D-CISS at 3T coincided with the surgical ob-
servation, a finding supporting the diagnostic advantage of 3T.

A drawback of 3D-CISS are banding artifacts, which are
more pronounced at high-field MR imaging due to increased
susceptibility. Dark bands were seen in some patients at 3T
over the ocular globe (Fig 1B), which were easily detectable
and did not interfere with diagnostic quality. No banding
artifacts were seen in the basal cisterns. Aliasing artifacts at
3T could be eliminated by lowering the flip angle (Table 1).
Ghosting artifacts resulting from CSF pulsation were seen at
both 1.5T and 3T anterior to the CSF in the phase-encoding
direction (Fig 1A, -B). Although these artifacts were some-
times slightly wider at 3T, they could be much better separated
from the underlying brain tissue, and this, together with the
higher SNR and CNR, still resulted in better image quality
at 3T.

Due to the more homogeneous hypointensity of the lu-
mina of the basilar artery and the vertebral arteries at 1.5T, the
center of these vessels was better seen at 1.5T. In contrast, at 3T
a high signal intensity within the basilar artery and vertebral
arteries was seen in almost all patients for the length of a few
sections only, most likely due to flow pulsation and absent
dephasing effects. Because this high SI was located in the cen-
ter of the lumen only, the strong vessel-CSF contrast was still
preserved, and this did not compromise detection of NVC.

For 3D-TOF MRA, the signal-intensity gain at 3T has been
shown to provide a significantly improved vessel-tissue con-
trast compared with 1.5T.16,17,24,25,28,29 There are limited data
concerning the value of 3D-TOF MRA at 3T in NVC,3,4,27 and,
to our knowledge, no comparison between 1.5T and 3T in the
same patient population with NVC has been conducted to
date. In our study, anatomic structures were significantly (P �
.02) better visible and quantitative values were significantly
(P � .001) higher at 3T, resulting in a substantially improved
image quality. The 3T MRA provided a better separation be-
tween veins and small arteries, and small vascular branches
hardly or not visible at 1.5T could be delineated at 3T (Fig 2C,
-D). When NVC was clearly depicted in the 3D-CISS, rapid
verification of the responsible vessel was possible at 3T,
whereas this was far less straightforward at 1.5T.

The superior image quality for the 3D-TOF MRA at 3T is
largely due to the decreased longitudinal relaxation with in-

Fig 4. Axial source (A and B) and coronal (C and D ) reformatted CISS images at 1.5T (A
and C) and 3T (B and D ) of a patient with hemifacial spasm on the right side due a direct
contact (black arrowhead with white margins) between the VII-VIII nerve complex (long
black arrow) and the meatal segment of the anterior inferior cerebellar artery (short white
arrow), forming a loop near the nerve complex (short black and white arrows in A and B,
in which the short black arrow indicates the proximal part and the short white arrow, the
distal part of the anterior inferior cerebellar artery). In this patient, the NVC is approxi-
mately equally well seen at both field strengths.

Fig 5. Bar graph showing the mean (� standard error) of the SNR of the basilar artery, CNR
between the basilar artery and brain stem, and CNR between the CSF and ICA for both the
3D-CISS and 3D-TOF MRA. Note the higher SNR and CNR for all items at 3T, though they
are more pronounced for the 3D-CISS than for the 3D-TOF MRA.
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creased field strength, producing longer T1 times. The short
TRs at 3T (Table 2) saturate the stationary tissue but not the
circulating blood to a greater extent than at 1.5T, thereby en-
hancing vessel-tissue contrast. Although flow artifacts in the
3D-TOF MRA may be more pronounced at 3T due to in-
creased susceptibility and SNR,28 in this study no substantial
or more severe artifacts at 3T compared with 1.5T were
observed.

A drawback of our study is the long scanning time. Due to
technical improvements, however, both sequences can be ob-
tained with an acquisition time of �10 minutes at present. In
5 patients, there was a time interval of �6 months between the
2 studies; because these patients were already diagnosed with
NVC at 1.5T and because they denied any progression of their
symptoms, they were not excluded from the study. We did not
classify NVCs according to their distance from the REZ, but
our aim was to focus on imaging features and not on clinical-
surgical correlations.

Implications for Patient Care
3T proved to be superior to 1.5T for the assessment of NVC.
The higher resolution at 3T provided an improvement in im-
age quality compared with 1.5T at similar acquisition times. In
6 patients in whom the NVC could not be identified with
certainty at 1.5T due to partial blurring of the contours of the
fine anatomic details, the NVC could be verified at 3T. Thus,
3T MR imaging may remove uncertainties and increase diag-
nostic accuracy. The better image quality and sensitivity at 3T
may improve preoperative evaluation of neurovascular rela-
tionships. Thus, whenever possible, preoperative evaluation of
NVC should be performed at 3T to increase the diagnostic
accuracy and ensure the best postoperative outcome.

Conclusions
High-resolution 3D-CISS and 3D-TOF MRA are necessary
tools for the assessment of neurovascular relationships in
NVC. Patients with NVC may benefit from the higher resolu-
tion and greater sensitivity of 3T, especially in those circum-
stances in which findings are equivocal at 1.5T. Due to the
increasing availability of high-field scanners, patients with
suspected NVC should be evaluated at 3T when possible to
support accurate diagnosis, careful preoperative planning,
and best patient care.

Disclosures: Thomas Zumbrunn—RELATED: Grant: Swiss National Science Foundation.
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