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Purpose: To evaluate the efficacy of fused three-dimensional T2 sampling perfection with
application-optimized contrasts using different flip-angle evolutions (3D-SPACE) and three-
dimensional time-of-flight magnetic resonance angiography (3D-TOF-MRA) sequences for
detecting neurovascular compression (NVC) in patients presenting with trigeminal neuralgia
(TN).

Methods: A prospective study was carried in 33 consecutive patients (m/f: 17/16; mean age,
56.3 £ 10.4 years) with unilateral TN confirmed NVC and consensus by two experienced
radiologists on fused 3D-SPACE and 3D-TOF-MRA sequences of 3-tesla (3-T) MRI. All
patients underwent microvascular decompression (MVD), using photos and video in surgery
as documents compared with MRI. Both the MRI and MVD were reported for three grades
(contact, compression, distortion), vessel types (artery or vein), identification of offending
vessel, site (juxtapontine, cisternal, and juxtapetrous), and location (cranial, caudal, medial,
lateral). Agreement between preoperative MRI visualization and surgical findings was
assessed using the kappa (K) statistic.

Results: The k-values for the agreement were excellent for the grade of NVC (k=0.82),
vessel types (k=0.78), and location of conflict (k=0.74), and good for identification of the
offending vessel (0.65) and the site-affected vessel (k=0.69).

Conclusion: The fused D3-SPACE and 3D-TOF-MRA images are highly effective tools for
the evaluation and treatment planning of NVC in TN patients.

Keywords: trigeminal neuralgia, neurovascular conflict, magnetic resonance imaging,

microvascular decompression

Introduction

Trigeminal neuralgia (TN) is caused by compression of the trigeminal nerve root by
an aberrant loop of an artery or vein in 80% to 90% of the cases.' The most basic and
effective treatment, in this case, is microvascular decompression (MVD), which can
relieve symptoms in most cases completely. Patients with typical symptoms of TN,
positive magnetic resonance findings, or the evident presence of neurovascular
compression or conflict (NVC) are likely to benefit from MVD. They might have
an excellent long-term prognostic factor.>> Therefore, preoperative image findings
are significant for achieving superior clinical outcomes. Nowadays, the development
of magnetic resonance (MR) imaging with high-resolution with thin-slice sequences
through the pontocerebellar angle (MR cisternography) combined or fused with 3D
time-of-flight spoiled gradient-recalled sequence (TOF-MR angiography), which
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allows effective diagnosis and assessment of NVC.®”
Among MR cisternography sequences, 3D sampling perfec-
tion with application-optimized contrasts using different
(3D-SPACE)
a very high-resolution T2-weighted image with excellent

flip-angle evolutions sequence produces
contrast between structures applied to visualize the complex
posterior fossa anatomy.'© We carried out this study to
evaluate the usefulness of the fused 3D-T2-SPACE and 3D-
TOF-MRA sequences in detecting NVC in patients present-
ing with typical TN.

Materials and Methods

Patients

At the Saint Paul Hospital of Hanoi, between March 2017
and May 2020, a prospective study was performed upon
33 consecutive patients presenting with trigeminal neural-
gia. Their pain was assessed based on a visual analog
score of severe or higher (between 7 and 10) and unre-
sponsive to medical treatment. All patients underwent an
MRI of the cerebellopontine angle for treatment planning
of MVD surgery. Table 1 shows the characteristics of
patients. Approval of this work was obtained from the
institutional review board of Saint Paul Hospital, and

written informed consent was obtained from the patients.

MRI Procedures

All MRI procedures were performed on a 3-T MRI scan-
Medical
Germany) with a 20-channel head-array coil and parallel

ner (Skyra, Siemens Solutions, Erlangen,
imaging techniques. Conventional MR imaging (T1-WI,

T2-WI, FLAIR, DIFFUSION, and GRE sequences) was

Table | Characteristics of Patient Population

Characteristics Value
Age (year * SD, max-min) 56.3 = 10.4 (26-70)
Sex, n (%) Male 17 (51.5)
Female 16 (48.5)
Pain site, n (%) Right 19 (57.6)
Left 14 (42.4)
Branche area of trigeminal Vi 0l (03.0)
neuragia, n (%) V2 14 (42.4)
V3 08 (24.2)
VI+V2 02 (06.1)
V2+V3 08 (24.2)
Pain times (year + SD, max-min) 441 £ 0.56 (1-13)

used to rule out secondary trigeminal pain such as multiple
sclerosis or cerebellopontine angle tumors.

The parameters of the 3D-T2-SPACE sequence were as
follows: TR, 1400 ms; TE, 155 ms; flip angle mode, 120°;
matrix, 320 x 320; FOV, 160 x 160mm; section thickness,
0.5 mm; acquisition time, 5 minutes 9 seconds; transverse
sections; 56 slices. The imaging parameters of the 3D-TOF
-MRA sequence were: TR, 21 ms; TE, 3.43 ms; flip angle,
18°; matrix, 331 x 384; FOV, 199 x 220; section thickness,
0.65 mm; acquisition time, 5 minutes 33 seconds; trans-
verse sections; 84 slices. We note that the study did not use
gadolinium-enhanced MR angiography.

MRI Post-Processing

Volumetric data obtained from T2-SPACE and TOF-MRA
sequences were transferred to a dedicated workstation of
the MR imaging unit (Syngo. via VB30, Siemens). The
perspective views of these two sequences were indepen-
dently reconstructed and then fused in a single 3D image.
Thin-section reformatted on coronal, sagittal, and two
planes parallel and perpendicular to the trigeminal nerve
were achieved using an MPR algorithm.

MRI Analysis

All fused T2-SPACE and TOF-MRA images were evalu-
ated in a single workstation with two different short times
by two experienced radiologists (P.H.D and D.T.T) blinded
to any knowledge of which side the spasm was located on,
and discrepancies were resolved with consensus.

The presence of criteria NVC has recorded five features: 1)
trigeminal nerve—vessel relationships were classified into four
levels: 0, proximity (vessel close to the trigeminal nerve but
without contact); I, (simple contact between the vessel and the
trigeminal nerve); I, compression (vessel moderately com-
pressing the trigeminal nerve); 111, distortion (severe compres-
sion causing the trigeminal nerve to deform)”''; 2) vessel
types include arteries and veins, as well as single and multiple
offending vessels; 3) the identification of the offending vessel
was classified as an artery and a vein. The superior cerebellar
artery (SCA), posterior inferior cerebellar artery (AICA), ver-
tebral basilar artery (VBA), and anterior inferior cerebellar
artery (PICA) were among these arteries; 4) the location of the
conflicts along the nerve is divided into three sections: juxta-
pontine, at the trigeminal root entry zone (TREZ); cisternal, in
the nerve’s mid-third; and juxtapetrous, at the exit of Meckel’s
cave'?; 5) aspects of conflicts around the circumference of the
root were divided into one of the four following: cranial,

caudal, lateral, or medial."?
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Surgical Technique

All patients underwent MVD by one experienced surgeon
(D.TK) in a standard microdissection technique.12 In
brief, full view of the cisternal trigeminal nerve from the
root to the foramen of the Meckel cavity by fashioning
a burr hole at the inferomedial angle of the transverse-
sigmoid junction a retromastoid craniotomy approach.
Under the microscope Carl Zeiss S88, the surgeon identi-
fies compressive vessels after removing all the arachnoid
surrounding the nerve. Next, the affected artery or vein is
meticulously separated from the trigeminal nerve, and
a shredded Teflon pad is placed between them. In each
patient, the criteria for neurovascular conflict were similar
to those in preoperative MRI findings recorded by the
neurosurgeon performing the MVD.

Statistical Analysis

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. Quantitative data
were described using mean and standard deviation. The
significance of the obtained results was judged at the 5%
level. The coincidence between preoperative MRI visuali-
zation and surgical findings was assessed using the kappa
(K) statistic method. The k-values for agreement were
categorized as follows: poor, <0.40; fair, 0.40-0.59;
good, 0.60—0.74; and excellent, 0.75—1.

Results

The mean age at the time of MVD was 56.3 = 10.4 years
(age range 2672 years), 17 (51.5%) males and 16 (48.5%)
females. Nineteen (57.6%) patients reported left neuralgia
and 14 (42.4%) right neuralgia. The clinical data are
shown in Table 1.

The fused 3D-T2-SPACE 3D-TOF-MRA
sequences were good-quality images in all 33 instances.
Surgical results showed that all patients had NVC. In
these, two cases (6%) did not show NVC on MRI, but
because these patients presented the worst pain (visual

and

analog score 9-10 points) and agreed to be operated on
and on MVD, they recorded both minor vein conflicts at
grade 1. Grade I conflict accounted for the highest rate of
both MRI and MVD, with 52.8% and 55.6%, respectively.
The kappa consensus coefficient on the degree of NVC
between MRI and MVD is in excellent agreement (k=0.82,
as shown in Table 2).

In Table 3, the most compression of vessel types was
an arterial vascular and single artery, accounting for 29

Table 2 Grade of NVC on MRI Findings and MVD Results

MVD 1 1l ]| Total, n (%)
MRI

Unrecorded 2 - - 2 (5.6)

| 18 | - 19 (52.8)

Il | 7 - 8 (22.2)

11l - - 7 7 (194)
Total, n (%) 20 (55.6) 9 (25.0) 7(194) 33 (100)

Kappa, k = 0.82

Table 3 Vessel Types of NVC on MRI Findings and MVD Results

MVD 1 2 Artery Vein Total,
MRI Artery Arteries | and Vein n (%)

| Artery 27 2 - - 29 (87.9)
2 Arteries - - - - -
Artery and | — - | - 1 3.0)
vein

Vein - - - | 1 (3.0
Unrecorded | — - - 2 2 (6.1)
Total, n (%) | 27 (81.8) | 2 (6.1) 1 (3.0 3 (9.1) | 33 (100)
Kappa, k = 0.78

(87.9%) patients who had two vessels in different loca-
tions, including two arteries in 2 (9.1%) patients, and
a combination of one artery and one vein in 1 (3.0%)
patient. Therefore, when describing conflicts, the present
study will describe 36 conflict vessels, not 33 patients.
There were no cases of misdiagnosis between artery and
vein. The consensus on vessel types on MRI and MVD is
presented at an excellent agreement (k=0.78).

The identification of the most conflicting vessels was
the superior cerebellar artery (SCA), accounting for 16
(44,4%) vessels and 12 (33,3%) vessels on MRI and
MVD, respectively. Of these, two SCAs could not be
identified surgically. This is followed by the anterior infer-
ior cerebellar artery (PICA), posterior inferior cerebellar
artery (AICA), the vertebral basilar artery (VBA), and the
vein. The correlation coefficient between MRI and MVD
in vascular identification was in good agreement (k=0.65,
as shown in Table 4).

About the site of the conflicts along the root, MRI
describes the most frequently occurring as the juxtapontine
segment (root enter zone: REZ) in 20 (55.6%) vessels.
However, on the surgical report, this segment is 15
(41.7%) vessels, the rest are four midcisternal and one
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Table 4 Identification of Conflicting Vessels on MRI Findings and MVD Results

MVD SCA AICA PICA VBA Vein Unreco-gnized Total, n (%)
MRI

SCA 10 2 - - 2 16 (44.4)
AICA 2 - - - - 8 (22.2)
PICA - - 4 - - - 4 (11.1)
VBA - - - 4 - - 4 (I11.1)

Vein - - - - 2 - 2 (5.5)
Unrecorded - - - - 2 - 2 (5.5)

Total, n (%) 12 (33.3) 8 (22.2) 6 (16.7) 4 (I11.1) 4 (I.1) 2 (5.5) 36 (100)
Kappa, k = 0.65

Abbreviations: SCA, superior cerebellar artery; AICA, anterior inferior cerebellar artery; PICA, posterior inferior cerebellar artery; VBA, vertebral basilar artery.

Table 5 Site of NVC on MRI Findings and MVD Results

MVD Juxtapontine Cisternal Juxtapetrous Total, n (%)
MRI

Juxtapontine 15 4 | 20 (55.6)
Cisternal - I - 11 (30.6)
Juxtapetrous - - 3 3(8.3)
Unrecorded - | | 2 (5.5)

Total, n (%) 15 (41.7) 16 (44.4) 5(13.9) 36 (100)
Kappa, k = 0.69

juxtapetrous segment. The consensus coefficient between
MRI and MVD is at a good level (k=0.69, as shown in
Table 5). Finally, the consensus coefficient of the offend-
ing vessel concerning the nerve circumference was at
a good level (k=0.74, as shown in Table 6).

Discussion

3D-T2-SPACE sequence is a high-resolution volumetric
sequence that increases the contrast between CSF and tis-
sues, providing accurate visualization of the cerebellopon-
tine cistern and allowing a fine anatomical analysis of the

Table 6 Aspects of NVC on MRI Findings and MVD Results

vasculo-nervous structures of the involved TN. The CSF
appears hyperintense, the blood vessels hypointense, and
the cranial nerves isointense relative to the brain stem.
With this sequence alone, it allows visualization of the
nerves and vessels in the brain cisterns with great anatomical
details, and a trained neuroradiologist can detect NVC. Ors
et al reported that the SPACE sequence had fewer artifacts
and was significantly more helpful than the CISS sequence
for visualizing the posterior fossa cranial nerves.'’
3D-TOF-MRA is based on the phenomenon of flow-
related enhancement, which provides the high signal

MVD Medial Cranial Caudal Lateral Total, n (%)
MRI
Medial I - - [ 12 (33.3)
Cranial 2 9 - - 11 (30.6)
Caudal - - 6 | 7 (194)
Lateral - | - 3 4 (11.1)
Unrecorded - - 2 - 2 (5.6)
Total, n (%) 13 (36.1) 10 (27.8) 8(22.2) 5(13.9) 36 (100)
Kappa, k = 0.74
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Figure | NVC in a 50-year-old woman with right TN. Fusion of 3D-T2-SPACE and 3D-TOF-MRA axial (A) and sagittal (B) images demonstrated a vein (long arrow) contact
with the trigeminal nerve (short arrow) in the superior of REZ grade I, confirming on MVD results.

intensity of the arteries reflecting the high velocity of
moving protons in the circulating blood. At the same
time, stationary structures and nerves remain low in signal
intensity. Compared with TOF-MRA, Yoshino found that
high-resolution volumetric sequence (3D-CISS) is more
useful in the detection of NVC in patients with TN."?
Traditionally, MR cisternography and MR angiography
could be placed side by side for comparison, but there could
be errors in memorizing complex data in the human mind.
By a combination of these two sequences producing fused
images, each can make up for the limitations of the other,
allowing better tracking of the vessels and nerves and allow-
ing a better depiction of their relationship, and it can be
determined the differentiation of arterial and venous vascu-
lature in the cerebellopontine angle cistern (Figure 1).%'%13
In addition to these two sequences, some previous stu-
dies have added a 3D Tl-weighted gadolinium-enhanced
sequence that proved a useful adjunct reliable in detecting
and predicting the degree of NVC and surgical planning in
patients with TN.® According to author Zhou et al, when
comparing the results between MR cisternography (3D
FIESTA sequence) and gadolinium-enhanced MR angiogra-
phy, the 3D FIESTA sequence provides more useful infor-
mation in the visualization of NVC in patients with TN.'®
Moreover, several recent studies have shown that although
no enhanced sequence is available, simple combining or
fusion of these two sequences is a reliable, quick, efficient,
safe, and non-invasive method for evaluation of the relation-
ship between the trigeminal nerve and the neighboring vas-
cular structures, and sufficient for the decision-making of
MVD of the affected nerve,®” as well as in our present study.
Regarding the comparison between 1.5-T and 3-T MRI
using the same imaging protocol, Leal et al reported that
there were no statistically significant differences in the type

of offending vessel, in location and severity of compression,
except that visualization of the type of venous compression
and determination of the exact site of compression around
the root were more difficult using 1.5-T MRI®

The degree of compression was classified into three
grades depending on whether the trigeminal nerve is simply
abused or indented or compressed by surrounding vessels. In
the current study, there was an excellent agreement in the
diagnosis of compression grade between MRI and MVD
(k=0.82). This is very important because it is possible to
predict the outcome after surgery. If there is only a simple
contact grade of NVC, the long-term pain relief rate is only
about 58%. If there are compression or distortion grades, the
pain relief rate is up to 88%.> The apparent presence and the
degree of NVC are of paramount importance in predicting
the probability of long-term pain relief, and therefore in the
decision to propose MVD as the first choice of surgical
treatment.>*> So the question is which patients will benefit
from MVD, which is the role of preoperative MRIL
Additionally, the positive predictive value of seeing a grade
II conflict on the MRI reached 100% (Figure 2). The most
significant errors were undergrading conflicts of grade I or I1.
Overgrading of NVC represented by MRI simple closeness
or contact at surgery was rarer than undergrading of high-
grade conflicts.!” Moreover, multidimensional reconstruc-
tion of the nerve might be helpful, especially in identifying
indentations or deformations of the nerve and, in that sense
differentiating between grade I and grade I1.”

The exact nature and origin of the arteries (ie, SCA,
AICA, PICA or VBA) or venous of the conflicting vessels
were for the most part of excellent quality, with concordance
coefficients (kappa values) of 0.78. The most common arter-
ial offenders were SCA and AICA. The SCAs are classically
the most frequently encountered source of NVC and exert
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Figure 2 NVC in a 51-year-old man with left TN. Fusion of 3D-T2-SPACE and 3D-TOF-MRA axial (A), sagittal (B), and coronal (C) images demonstrated a VBA (long white
arrow) compressed trigeminal nerve (short white arrow) in the inferior of REZ grade lIl. Intraoperative photo (D) showed this NVC gives the same results as on MRI;

a shredded Teflon (black arrow) is placed between them.

16
| 11MAnS FRMN S

MANnS FRMna

Figure 3 NVC in a 66-year-old woman with right TN. Fusion of 3D-T2-SPACE and 3D-TOF-MRA axial (A) and sagittal (B) demonstrated an SCA (long arrow) contact with
TN (short arrow) in the superior of REZ grade II; corresponding results presented by intraoperative photo (C) and simulation drawing (D).

compression at the juxtapontine and/or cisternal sites
(Figure 3)."® Brinzeu et al note that the site of AICA-
related compression was frequently at the juxtapontine,
where it was less evident to the examiner. This is a factor

to be remembered when examining patients’ MR images."’

In the current study, the location of compressing
offending vessels concerning the nerve circumference
can be detected by both fusion image and MVD with
excellent agreement. Zhou et al'®

(3D FIESTA) to identify the responsible vessel’s position

used MR angiography
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relative to the trigeminal nerve. They found excellent
agreement between the position (medial, lateral, superior,
and inferior) of the compressing vessel close to the tri-
geminal nerve identified by MR imaging and by surgery
(k=0.81). The most common sites of compression are
medial and cranial aspects relative to the position of the
SCA. Leal et al® and Gamaleldin et al’ found that nerve
compression was the high percentage of superomedial
sites to the high number of NVC syndromes due to SCA
approaching the nerve. These results suggested the value
of preoperative MRI in displaying the local anatomical
relationship between vessels and nerves, providing valu-
able information for surgeons to precisely identify which
nerve root fibers should be decompressed during surgery.
Using diffusion tensor MRI with tractography remains
a promising trend to clearly show the specific anatomy
of the trigeminal nerve to help more insight into the
etiology — pathogenesis and improve MVD outcomes in
patients with TN.'""?

Our study has two (6%) cases of unidentified NVC on MRI
but were still operated on because of typical symptoms. All
patients in this study had previously failed medical therapy and
were subsequently treated with MVD, which may favor the
high incidence of NVC on the symptomatic side. The presence
of NVC by high-resolution MRI gives the surgeon peace of
mind to look for the offending vessel. However, the absence of
vascular compression on MRI in a patient with classic TN still
does not rule out surgery.*’

The limitation of this study is the relatively small
number of patients. Therefore, further investigations invol-
ving larger patient cohorts are required to extend these
results. Also, another limitation of the current work is
the absence of a control group of another MR cisternogra-
phy and angiography sequences in evaluating NVC of
patients with and without the symptomatic side of TN.

Conclusions

The fusion imaging techniques of 3D-T2-SPACE and 3D-TOF
-MRA sequences with multiplanar reconstructions are benefi-
cial for radiologists in adequately evaluating the grade of NVC.
Although this technique does not use gadolinium-enhanced
MR sequences, it still allows the detection of purely arterial
or venous compressions, as well as the differentiation of their
fairly exact anatomical origin. These imaging results may be
helpful for neurosurgeons searching for conflicting vessels in
patients with severe TN.
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