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ORIGINAL RESEARCH
HEAD AND NECK IMAGING

Visualization of the Extracranial Branches of the Trigeminal
Nerve Using Improved Motion-Sensitized Driven
Equilibrium—Prepared 3D Inversion Recovery TSE Sequence

Dejun She, ““Hao Huang, “* Dongmei Jiang, “*Junhuan Hong, "* Peiying You, “*Lu Li, ** Xiance Zhao, and "~ Dairong Cao

ABSTRACT

BACKGROUND AND PURPOSE: Visualization of the extracranial trigeminal nerve is crucial to detect nerve pathologic alterations.
This study aimed to evaluate visualization of the extracranial trigeminal nerve using 3D inversion recovery TSE with an improved
motion-sensitized driven equilibrium (iIMSDE) pulse.

MATERIALS AND METHODS: In this prospective study, 35 subjects underwent imaging of the trigeminal nerve using conventional
3D inversion recovery TSE, 3D inversion recovery TSE with an iMSDE pulse, and contrast-enhanced 3D inversion recovery TSE. The
visibility of 7 extracranial branches of the trigeminal nerve, venous/muscle suppression, and identification of the relationship
between nerves and lesions were scored on a 5-point scale system. In addition, SNR, nerve-muscle contrast ratio, nerve-venous
contrast ratio, nerve-muscle contrast-to-noise ratio, and nerve-venous contrast-to-noise ratio were calculated and compared.

RESULTS: Images acquired with iMSDE 3D inversion recovery TSE had significantly higher nerve-muscle contrast ratio, nerve-venous
contrast ratio, and nerve-to-venous contrast-to-noise ratio (all P <<.001); improved venous/muscle suppression and clearer visualiza-
tion of the trigeminal nerve branches except the ophthalmic nerve than with conventional 3D inversion recovery TSE (all P <.05).
Compared with contrast-enhanced 3D inversion recovery TSE, images acquired with iMSDE 3D inversion recovery TSE had signifi-
cantly higher SNR, nerve-muscle contrast ratio, and nerve-to-venous contrast-to-noise ratio (all P <.05) and demonstrated compa-
rable diagnostic quality (scores =3) of the maxillary nerve, mandibular nerve, inferior alveolar nerve, lingual nerve, and masseteric
nerve (P>.05). As for the identification of the relationship between nerves and lesions, iMSDE 3D inversion recovery TSE showed
the highest scores among these 3 sequences (all P <.05).

CONCLUSIONS: The iMSDE 3D inversion recovery TSE is a promising alternative to conventional 3D inversion recovery TSE and
contrast-enhanced 3D inversion recovery TSE for visualization of the extracranial branches of trigeminal nerve in clinical practice.

ABBREVIATIONS: CNR,,, = nerve-to-muscle contrast-to-noise ratio; CNR,, = nerve-to-venous contrast-to-noise ratio; CR,,, = nerve-to-muscle contrast
ratio; CR,, = nerve-to-venous contrast ratio; ICC = intraclass correlation coefficient; IR-TSE = inversion recovery turbo spin echo; iIMSDE = improved motion-
sensitized driven equilibrium; MRN = MR neurography

he trigeminal nerve is the largest cranial nerve and is exten-
sively distributed in the head and neck.' The extracranial
branches of the trigeminal nerve are numerous and can be
involved in myriad disease entities, including tumors, inflam-
mations, traumatic or iatrogenic injuries, radiation treatment,
and degenerative disorders.”* Visualization of the extracranial
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trigeminal nerve is crucial for detecting pathologic alterations and
differentiating pathologic causes of trigeminal nerve-involved dis-
eases.”® Due to the advent of high-field MRI devices and improved
imaging techniques, MR neurography (MRN), which selectively
enhances the visualization of nerves, has become a potentially
promising and integrating strategy in diagnosing neuropathies."”
However, many factors, including surrounding tissue signals and
motion artifacts on MRN, may affect the visualization of the
extracranial trigeminal nerve and hamper the correct diagnosis.
Consequently, there are still huge challenges in delineating the
entire course of the extracranial trigeminal nerve using MRN.
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Parameters of MR imaging

Parameter Conventional 3D IR-TSE iMSDE 3D IR-TSE CE 3D IR-TSE
TR/TE (ms) 2800/181 2800/181 2800/181
Flip angle (degrees) Variable flip angle Variable flip angle Variable flip angle
Field of view (mm) 200 x 200 200 x 200 200 x 200
Voxel size (mm) 0.9 x0.9 x 0.9 0.9 x0.9 %09 0.9 x 0.9 x 0.9
No. of slices 210 210 210
Averages 2 2 2
Fat-suppression STIR STIR STIR
iMSDE TEprep (ms) 60 /
iIMSDE VENC (cm/s) 0.35
Acquisition time (min/sec) 8 min 27 sec 8 min 27 sec 8 min 27 sec

Note:—TEprep indicates magnetization preparation TE; VENC, velocity-encoded; CE, contrast-enhanced.

Several dedicated MRI techniques have been used in the eval-

uation of peripheral nerves in the head and neck, such as double-

echo steady-state' "'

12,13

and reversed fast imaging in steady-state
free precession. However, as gradient-recalled echo sequen-
ces, these sequences are sensitive to magnetic field inhomogene-
ities, resulting in insufficient fat suppression in the neck. Thus,
spin-echo-based pulse sequences are more suitable for high-reso-
lution MRN in the neck due to homogeneous fat suppression and
less sensitivity to magnetic field inhomogeneities. 3D inversion
recovery TSE (3D IR-TSE) T2-weighted imaging is one of the
most common sequences that can provide isotropic spatial reso-
lution, high soft-tissue contrast, and excellent fat suppression. To
date, Viallon et al'* reported that 3D IR-TSE can accomplish the
delineation and evaluation of peripheral nerve structures. Heavily
T2-weighted 3D IR-TSE sequences highlight nerve structures by
visualizing hyperintense signals of water and small molecule pro-
teins in the endoneurium.'® However, the veins and muscles are
very close to the nerves, still being the main challenge of MRN in
the head and neck. Specifically, the hyperintensity of the surround-
ing tissue such as veins and muscles can obscure the visualization
of nerves on conventional 3D IR-TSE, impairing diagnostic accu-
racy. It has been reported that gadolinium-based contrast agents
can suppress background tissue to improve the visualization of
nerves.'>'” However, the potential of nephrogenic systemic fibro-
sis and gadolinium deposition induced by Gd-DTPA administra-
tion limits their use in pregnant patients, children, and patients
with renal insufficiency."®

Recently, several prior studies have focused on using a 3D IR-
TSE sequence preceded by an improved motion-sensitized driven
equilibrium (iMSDE) pulse to image the peripheral nerves.'” The
iMSDE technique is based on the T2 magnetization preparatory
pulse and diffuse motion sensitivity in 3 directions, which could
effectively suppress tissue signals with short transverse relaxation
times and moving object signals (eg, blood), respectively.'®*"**
As a novel and safe technique in MRN, the iMSDE pulse can pro-
vide uniform suppression of vessels without additional contrast
agents and has been demonstrated to improve the visualization of
peripheral nerves in several anatomic regions.””*> However,
there are limited studies reporting using the iMSDE 3D IR-TSE
sequence to delineate the extracranial branches of the trigeminal
nerve.?? Thus, this study aimed to evaluate the value of 3D IR-
TSE with an iMSDE pulse in visualizing the extracranial branches
of the trigeminal nerve by systematic comparison with conven-
tional 3D IR-TSE and contrast-enhanced 3D IR-TSE.
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MATERIALS AND METHODS

Study Design and Study Population

This prospective study was approved by the institutional review
board and conducted under the Committee for Human Research
of the First Affiliated Hospital of Fujian Medical University.
Written informed consent was obtained from all participants.
For this study, we consecutively included subjects with MRI for
suspected lesions in the head and neck area. Exclusion criteria
were as follows: 1) ferromagnetic implants in the head and neck,
2) contraindications to a contrast-enhanced MRI examination,
3) obvious motion-induced image artifacts, and 4) failure in
scanning all sequences required.

Thirty-nine patients referred mainly by the department of
otorhinolaryngology as well as oral and maxillofacial surgery
were included in this study from January to September 2022. All
39 patients underwent a contrast-enhanced MR examination of
the head and neck area. Four patients whose images had obvious
motion artifacts were excluded. Eventually, a total of 35 subjects (20
women, 15 men; mean age, 41 years; range, 24-66years) were
included. Among them, 20 subjects who were finally confirmed to
have no lesions in the head and neck area were classified as healthy
controls and evaluated for the visualization of normal nerves. The
other 15 patients who were confirmed to have lesions in the head
and neck were enrolled and regarded as a case group.

MRI Protocol

All acquisitions were performed on a 3T whole-body MRI scan-
ner (Ingenia; Philips Healthcare) using a 32-channel head coil.
The MR imaging sequences included conventional 3D IR-TSE
without an iMSDE pulse, 3D IR-TSE with an iMSDE pulse, and
contrast-enhanced 3D IR-TSE without an iMSDE pulse. All
sequences were scanned with the patient in the coronal position
to encompass as many branches of the trigeminal nerve as possi-
ble. The detailed scan parameters of these 3 sequences are sum-
marized in the Table. Contrast-enhanced 3D IR-TSE was
performed after administration of 0.15mmol/kg of gadobenate
dimeglumine (Multihance; Bracco Diagnostics).

Image Evaluation

First, all subjects and scan information were pseudonymized, and
MR images in each sequence were evaluated independently by
both reviewers in random order. The original coronal images and
reconstructed MIP and MPR images were combined for a more
comprehensive evaluation. A total of 7 branches of the trigeminal



nerve were evaluated in this study, including the 3 divisions of tri-
geminal nerve (ophthalmic, maxillary, mandibular) as well as the
4 extracranial branches of the mandibular division (inferior alveo-
lar nerve, lingual nerve, masseteric nerve, and buccal nerve),
which are frequently invaded by lesions. A 5-point subjective scor-
ing system was used to assess the visualization ability of these 3
sequences for normal nerves and the relationship between nerves
and lesions. Before we performed the evaluation, a calibration ses-
sion was conducted to clarify the scoring criteria according to pre-
vious scoring. When scores evaluated by the 2 observers did not
agree, the decision was reached by consensus between the 2
observers. In addition, the SNR, contrast ratio (CR), and contrast-
to-noise ratio (CNR) of the normal nerves were calculated.

Visualization Ability of Normal Nerve
A 5-point subjective scoring system was used to assess MRN images
by 2 observers (3 and 9 years of specific MR imaging experience).

The visualization of nerves was evaluated with a modified 5-
score scale®* as follows: excellent (5), sharp nerve edges and uniform
hyperintensity; good (4), sharp nerve edges and heterogeneous
hyperintensity; fair (3), blurred nerve edges and moderate signal in-
tensity poor (2), blurred or distorted nerve edges and weak signal
intensity; and none (1), none of the nerves were identified (Online
Supplemental Data). For diagnostic quality of the MRN images for
each nerve, a nerve visualization score of =3 was considered accept-
able diagnostic quality, indicating that the images met the clinical
diagnostic requirements. On the contrary, a visualization score of
1-2 was considered an unacceptable diagnostic quality.

Muscle suppression and venous suppression were also eval-
uated with a modified 5-score scale as follows:'? excellent (5),
perfect background tissue suppression with uniform hypointen-
sity in background tissue; good (4), good background tissue sup-
pression with heterogeneous hypointensity in background tissue;
fair (3), fair background tissue suppression with moderate signal
intensity in background tissue; poor (2), poor background tissue
suppression with hyperintensity in background tissue; and none
(1), no background suppression.

SNR, CR, and CNR Calculation of the Normal Nerve
Another 2 radiologists (5 and 10 years of experience in MR imag-
ing) independently measured the nerve SNR, nerve-to-muscle con-
trast ratio (CR,,,), nerve-to-venous contrast ratio (CR,,), nerve-
to-muscle contrast-to-noise ratio (CNR,,,), and nerve-to-venous
CNR (CNR,,) at IntelliSpace Portal (ISP, Philips Healthcare).
Three successive coronal MRN images at the level of the inferior
alveolar nerve and its adjacent tissue (internal pterygoid muscle
and pterygoid plexus) were selected, and ROIs (1 mm?®) were man-
ually placed. The average signal intensity (SI) of 3 ROIs was
acquired. The SNR, CR,,,,, CR,,y, CNR,,;,,, and CNR,,, were calcu-
lated by using the following equations:

CR = (Sherve — SL)/(SIerve + SL)

CNR = (SIyerve — SI,)/(SDerve)-

The letter a in the formulas above represented adjacent tissues
of the inferior alveolar nerve, including the internal pterygoid
muscle and pterygoid plexus.

Identification Ability of the Relationship between Nerves
and Lesions

The identification ability of the relationship between the periph-
eral branches of the trigeminal nerve and lesions was evaluated
independently by 2 radiologists (3 and 9years of specific MR
imaging experience). The assessment is based on a modified
5-score scale?* as follows: excellent (5), defined as a clear relation-
ship between nerves and lesions; good (4), the relationship
between nerves and lesions can be distinguished; fair (3), the rela-
tionship between nerves and lesions can be partially distin-
guished; poor (2), the relationship between nerves and lesions
was blurred and difficult to determine; and none (1), none of the
nerves or lesions were identified, unable to assess the relationship
among them.

Statistical Analysis
All data were presented as mean (SD), median (interquartile
range), or number of cases and ratio, as appropriate. Multiple
tests were assessed by 1-way ANOVA with a Tukey post hoc test
if data satisfied the normal distribution and homogeneous var-
iance. On the contrary, Friedman rank-sum tests would be used
if data did not satisfy the normal distribution and homogeneous
variance. Post hoc tests were performed using the 2-stage linear
step-up procedure proposed by Benjamini et al.>> For 2-category
data (the proportion of MRN images with acceptable diagnostic
quality), the Cochran Q test was used, and the Dunn test with a
Bonferroni corrections was used for pair-wise comparisons. The
intraclass correlation coefficient (ICC) was used to assess interob-
server agreement. A single-measurement, absolute-agreement, 2-
way random effects model was used to calculate the ICCs with
95% ClIs. The ICC was defined as follows: poor, <0.2; fair, 0.2-0.4;
moderate, 0.4-0.6; good, 0.6-0.8; and excellent, 0.8-1.0.

Statistical analyses were performed using SPSS (Version 26.0;
IBM), and graphs were created using GraphPad Prism 9 (GraphPad
Software). P values < .05 were considered statistically significant.

RESULTS

We performed normality and homogeneity tests of variance
before statistical analysis of the data. None of the data satisfied
the normal distribution and homogeneous variance. Therefore,
Friedman analysis was used for all quantitative data in this study.

Comparisons of Normal Nerve Visualization

According to MR imaging, 40 nerves (20 healthy subjects, each
left and right side) of each branch were included for assessment
of nerve visualization among the 3 sequences.

The scores of nerve visualization and muscle and venous sup-
pression are presented in the Online Supplemental Data. As
shown in the Online Supplemental Data, the iMSDE 3D IR-TSE
had higher scores in visualizing the maxillary nerve, mandibular
nerve, inferior alveolar nerve, lingual nerve, masseteric nerve, and
buccal nerve compared with conventional 3D IR-TSE (all
P =.05), except the ophthalmic nerve (P=.26) (Figs 1 and 2,
Online Supplemental Data). The iMSDE 3D IR-TSE demon-
strated the highest scores of muscle suppression followed by con-
trast-enhanced 3D IR-TSE (all P <.05). The contrast-enhanced
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FIG 1. A 32-year-old patient with no lesion in the head and neck. Curved planar reformation MIP
(2-mm layer thickness) of the mandibular nerve (blue triangle), inferior alveolar nerve (red thin
arrow), and lingual nerve (yellow arrowhead) at the oblique coronary position. Both iMSDE 3D
IR-TSE and CE 3D IR-TSE significantly improved visualization in assessing the inferior alveolar nerve
and lingual nerve. CE indicates contrast-enhanced.

conventional 3D IR-TSE
iMSDE 3D IR-TSE
CE 3D IR-TSE

e
ses
e i ** L *
*kk
* e

*
*

13
Y]

< <& < < < <
& S ISP P S O
Q Q Q Q Q' (2 Q' 2 12)
< <& < < < < & &
Y 6 \'b\ \'& ’» Q\o ‘» ¢ Q\
N AN 9 S @ SRS Q
@ N © & & Q > & Y
& > S X A ) AY) o
& & & «° & @
d NS < N e
N N S

FIG 2. Comparisons of the visibility of 7 major peripheral branches of the trigeminal nerve and
muscle/venous suppression among 3 sequences in 20 healthy subjects. The asterisk indicates P <
.05; double asterisks, P << .01; triple asterisks, P << .001; CE, contrast-enhanced.

SNR, CR, and CNR Calculation of
Normal Nerve

The SNR, CR, and CNR for nerves
among the MRN sequences are sum-
marized in the Online Supplemental
Data. The SNR of the inferior alveolar
nerve on iMSDE 3D IR-TSE was signifi-
cantly lower than that on the conventional
3D IR-TSE (P<.001) but was higher
than that on the contrast-enhanced 3D
IR-TSE (P= .007) (Online Supplemental
Data and Fig 3). The iMSDE 3D IR-TSE
and contrast-enhanced 3D IR-TSE yielded
significantly higher CR,, and CNR,,
than conventional 3D IR-TSE (all P<
.001). However, the difference in CR,,
and CNR,, between iMSDE 3D IR-TSE
and contrast-enhanced 3D IR-TSE was
not significant (P=.615 for CRpy,
P=219 for CR,, respectively). Both
CR,,, and CNR,,,,, on iMSDE 3D IR-TSE
was significantly higher than on contrast-
enhanced 3D IR-TSE (P < .05).

There was moderate-to-excellent inter-
observer agreement regarding the SNR
(ICC, 0.44-0.56), CR,,, (ICC, 0.84-0.92),
CNR,, (ICC, 0.55-0.88), CR,,, (ICC,
0.93-0.98), and CNR,, (ICC, 0.45-
0.57) (Online Supplemental Data).

Comparisons of Identification
Ability of the Relationship
between Nerves and Lesions

A total of 17 lesions in 15 patients were
confirmed by pathology or clinical
diagnosis, including 1 pituitary mac-
roadenoma, 1 abscess, 4 nasopharyn-
geal carcinomas, 4 neurilemmomas,
1 hemangioma, 2 squamous carcinomas,
and 1 meningioma (Online Supplemental
Data). A total of 25 pairs of nerve-lesion
relationships were evaluated. For identifi-
cation ability, as shown in Figs 4 and 5,
the iMSDE 3D IR-TSE (median [inter-

3D IR-TSE showed the highest scores for venous suppression
followed by iMSDE 3D IR-TSE (all P <.05) (Figs 1 and 2).

For image diagnostic quality, as shown in the Online
Supplemental Data, the number of MRN images with acceptable
image quality (visualization scores =3) from iMSDE 3D IR-TSE
was significantly higher than those from conventional 3D IR-TSE
of the maxillary nerve, mandibular nerve, inferior alveolar nerve,
lingual nerve, masseteric nerve, and buccal nerve (all P <.05).
Except for the buccal nerve and ophthalmic nerve, no significant
difference in MRN images with acceptable image quality was
found between the iMSDE 3D IR-TSE and the contrast-enhanced
3D IR-TSE in the maxillary nerve, mandibular nerve, inferior al-
veolar nerve, lingual nerve, and masseteric nerve (all P > .05).
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quartile range] =5 [1.5]) had highest scores compared with con-
ventional 3D IR-TSE (median [interquartile range] =3 [2]) and
contrast-enhanced 3D IR-TSE (median [interquartile range] =2
[4]) (all P < .05).

DISCUSSION

The 3D IR-TSE sequence has been widely used in peripheral
nerve MR imaging due to its high soft-tissue contrast and excel-
lent fat suppression. However, there is still a challenge in imaging
the extracranial branches of the trigeminal nerve due to the sur-
rounding venous plexus and the requirement for contrast agents
to homogeneously suppress venous signal.”> Our results demon-
strated that the iMSDE 3D IR-TSE sequence provides better
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FIG 3. Comparisons of SNR, CR;,,, CNR,,, CR,, and CNR,,,, among 3 sequences in 20 subjects. The asterisk indicates P < .05; double asterisks,

P < .01; triple asterisks, P < .00T; CE, contrast-enhanced.

FIG 4. A 29-year-old patient with neurilemmoma. The sagittal image after MPR and MIP (3-mm
layer thickness) shows that the neurilemmoma (blue triangle) compressed and moved the infe-
rior alveolar nerve (red thin arrow) forward and the lingual nerve (yellow arrowhead) was not
involved. Venous signals make nerves challenging to visualize on conventional 3D IR-TSE. CE
indicates contrast-enhanced.

CE 3D IR-TSE

conventional 3D IR-TSE

iMSDE 3D IR-TSE

FIG 5. A 46-year-old patient with a large pituitary adenoma. The transverse image after MPR and
MIP (3-mm layer thickness) demonstrates a large pituitary adenoma (blue triangle) invasion of the
ophthalmic nerve (red thin arrow). The involved nerve and tumor are shown as low signal, which
is difficult to identify on contrast-enhanced 3D IR-TSE. CE indicates contrast-enhanced.

venous suppression and nerve visualization than conventional
3D IR-TSE in imaging the extracranial branches of the trigeminal
nerve. The visualization of the extracranial branches of the

trigeminal nerve with iMSDE 3D IR-
TSE is comparable with that of con-
trast-enhanced 3D IR-TSE.

The low contrast between nerve and
adjacent tissue is a major problem
affecting the imaging of the extracranial
branches of the trigeminal nerve in the
neck area, because these branches are
surrounded by the hyperintense venous
plexus along their course.”” Gd-DTPA
is routinely used for 3D IR-TSE in
clinical practice to increase the contrast
between nerve and background tissue.
However, Gd-DTPA is not suitable for
children and pregnant women. The sig-
nal of the background tissue was mark-
edly decreased on the basis of the
absorption of Gd-DTPA, while the sig-
nal of the nerve was not affected
because the blood-nerve barrier hin-
dered the nerve uptake of contrast
agent.">"” Recently, 3D IR-TSE with
iMSDE has been used to improve vessel
signal suppression and visualization of
nerves in the brachial plexus based on
the additional motion-sensitizing gra-
dient and T2 preparation pulse.'**"*
The present results showed that the
venous suppression of both iMSDE 3D

IR-TSE and contrast-enhanced 3D IR-TSE was improved com-
pared to that of the conventional 3D IR-TSE. Compared with
the contrast-enhanced 3D IR-TSE, the scores of venous
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suppression were slightly lower in the iMSDE 3D IR-TSE.
However, the quantitative CR,, and CNR,, were not signifi-
cantly different between them. This finding suggested that the
iMSDE preparation pulse effectively suppresses venous signals
similar to the use of Gd-DTPA. In terms of muscle suppression,
iMSDE 3D IR-TSE achieved the highest score among these 3
sequences, which was consistent with the quantitative results of
the CR,,;, and CNR,,,. This result indicated that iMSDE mag-
netization preparation was more effective in muscle suppression
than the use of Gd-DTPA when applied to MR imaging of the
trigeminal nerve.

Although the contrast-enhanced 3D IR-TSE allowed slightly
better visualization of nerve than the iMSDE 3D IR-TSE, the
diagnostic quality of the image in most trigeminal nerve branches
was comparable between these 2 sequences. It suggested that
the additional iMSDE pulse brought uniform venous and mus-
cle suppression and improved visualization of most branches of
the trigeminal nerve. However, there was still a challenge in
visualizing the ophthalmic nerve by iMSDE 3D IR-TSE, despite
the enhanced background tissue suppression. This challenge can
be explained by the motion-sensitive nature of the iMSDE prepa-
ration pulse, leading to unsatisfactory visualization of ophthalmic
nerve caused by eye movement. In addition, the visualization
score of the buccal nerve was relatively low in all 3 sequences,
resulting from the small nerve diameter and proximity to the
pterygoid plexus.

As for the evaluation of the relationship between nerves and
lesions, studies have shown that the CISS sequence, which is a
type of negative contrast neurography technique, was feasible in
determining the location of the facial nerve relative to tumor.*®
In addition, it has been widely reported that contrast-enhanced
3D IR-TSE had an excellent performance in assessing the extrac-
ranial trigeminal nerve branches, which can potentially have head
and neck tumors. However, fewer studies have investigated the
value of contrast-enhanced 3D IR-TSE to identify the relationship
between nerves and lesions. Most interesting, our results showed
that Gd-DTPA could decrease the signal of lesions and damaged
nerves, leading to poor determination of the relationship between
nerves and lesions. Therefore, it was difficult to identify the spa-
tial relationship between nerves and lesions using contrast-
enhanced 3D IR-TSE. On the contrary, the analyses showed that
iMSDE 3D IR-TSE provided significantly higher scores in identi-
fying nerve-lesion relationships compared with contrast-enhanced
3D IR-TSE. This finding is probably because the iMSDE prepara-
tion pulse did not decrease the signal of the lesions, yielding rela-
tively high contrast between nerves and lesions.

There were still several limitations to our study. First, this
prospective study recruited only a relatively small number of
patients, and some of them were only clinically diagnosed but
not pathologically confirmed. Therefore, more patients are
required to further verify the benefits of these sequences in eval-
uating different pathologic conditions involving the trigeminal
nerve. Second, the performance of identifying the relationship
between nerves and lesions was not compared between iMSDE
3D IR-TSE and a conventional contrast-enhanced T1-weighted
sequence. Third, the analytic approach did not account for
within-patient correlation due to the inclusion of multiple
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nerves per patient. Finally, the acquisition time of 3D IR-TSE in
our study was still relatively long; thus, new technologies such as
compressed sensing are needed in our future investigations.”’

CONCLUSIONS

iMSDE 3D IR-TSE outperformed conventional 3D IR-TSE in
providing better venous/muscle suppression and image quality.
Furthermore, compared with contrast-enhanced 3D IR-TSE,
iMSDE 3D IR-TSE offers a comparable visualization of most
extracranial trigeminal nerve branches and better identifies the
relationship between nerves and lesions. Therefore, iMSDE 3D
IR-TSE is a promising alternative to contrast-enhanced 3D IR-
TSE in visualizing the extracranial branches of the trigeminal
nerve in clinical practice.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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