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Abstract
Purpose Neurovascular compression (NVC) is hypothesized to be the main pathogenic factor of trigeminal neuralgia (TN).
Microvascular decompression (MVD) has become a popular surgery for TN, and the success rate depends on the degree of NVC.
As the routine examination before MVD, magnetic resonance tomographic angiography (MRTA) shows high sensitivity for
detecting NVC. However, there are no reports on the sensitivity of MRTA for assessing the degree of NVC.

Methods This study aimed to evaluate the sensitivity of MRTA for determining the degree of NVC by comparing preoperative
MRTA and intraoperative endoscopy findings. A total of 480 patients who suffered from TN and underwent MVD were included.
Their preoperative MRTA and intraoperative endoscopy findings were reviewed. The kappa test was used to identify similarities
between the MRTA and endoscopy findings.
Results The degree of NVC on preoperative MRTA was similar to that on endoscopy (kappa = 0.770). The number of offending
vessels according to preoperative MRTA was coincident with that according to endoscopy (kappa =0.722).

Conclusion MRTA had high sensitivity for detecting not only the presence of NVC but also the degree of NVC.
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Trigeminal neuralgia (TN) is one of the most common facial pain
disorders. Vascular compression is a widely acknowledged theory
for the pathogenesis of TN. Neurovascular compression (NVC)
was first reported by Gardner and Miklos [1] and is defined as
direct contact between vessels and nerves. Microvascular decom-
pression (MVD), which is now the standard surgery for TN, is
based on the theory of NVC [2]. The surgery can efficiently and
safely cure TN and reduce the possibility of facial numbness [3].

The success rate of MVD depends on the correct clinical
indications and the preoperative radiological examination of
NVC. Among all imaging modalities, magnetic resonance tomo-
graphic angiography (MRTA) has been accepted as the conven-
tional radiological evaluation to perform before MVD.
Commonly, compression by vessels or tumors occurs in the
cerebellopontine angle (CPA) [4], and the vessel that most com-
monly causes TN is the superior cerebellar artery [5]. In many
studies, the radiological indication for MVD was the presence of
NVC on MRTA, but the degree of compression was not consid-
ered. Recently, some articles have indicated that the more severe
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Fig. 1 Degree of NVC in one
patient. Image a was scored as 2
points. Image b was scored as 2
points. Image ¢ was scored as 2
points. The total score was 6
points, and the grade was II

the compression is, the better the effect of MVD [6]. However,
the degree of compression can only be determined intraoperative-
ly. In recent articles, only the presence of NVC on MRTA has
been reported. However, assessments of the degree of NVC have
not been reported.

The purpose of this study was to evaluate the accuracy of
the degree of NVC determined on MRTA by comparing the
findings of MRTA with those of endoscopy during MVD.

Methods
Patients

A total of 480 patients with classical TN underwent endoscopy-
assisted MVD at the Shanghai Ninth People’s Hospital, Shanghai
Jiao Tong University Medical School, from May 2003 to
July 2019. A total of 293 women and 187 men underwent sur-
gery, and their ages ranged from 19 to 85. There were 180 cases
of NVC on the left side and 300 on the right side. All patients
underwent MRTA before the operation, and imaging revealed no
abnormalities, such as multiple sclerosis, vascular malformations,
or tumors. In all patients, the pain was uncontrollable with med-
icine. All patients were operated on by two senior neurosurgeons
(Wei-jie Zhang and Min-jie Chen) with the same microsurgical
technique.

MRTA technique

All patients underwent MRTA with a 3.0-T MRI system
(Signa 3.0 T Twinspeed; GE, Fairfield, CT) and the following
parameters: repetition time (TR), 25.0 ms; echo time (TE),
3.8 ms; flip angle, 20°; matrix size, 256 x 160; number of
acquisitions, 1; volume size, 20 mm; and bandwidth, 11.90.
The slice thickness was 1 mm. The images were obtained in 3
standard planes: coronal, sagittal, and axial.

Evaluation of the degree of NVC on MRTA

Two neurosurgeons evaluated the MRTA images separately. The
classification of the degree of NVC was based on Chen’s report
[7]: 0’, there was no relationship between the nerve and the vessel,
or the relationship was vague and difficult to evaluate; 1', the
vessel crossed or touched the nerve without a visible layer of
cerebrospinal fluid (CSF) and without any deformity of the root;
2', a marked indentation was present on the root, caused by com-
pression from the offending vessel; and 3', distortion and/or dis-
placement of the root, compared with the asymptomatic side, was
observed. Three separate scores from the axial, oblique sagittal,
and coronal images were added together. The severity of the
compression was classified as follows: grade 0, the total score
was 0 to 1; grade 1, the total score was from 2 to 3; grade 2, the
total score was from 4 to 6; and grade 3, the total score was from 7
to 9 (Fig. 1, Table 1).

Evaluation of the degree of NVC on endoscopy
during MVD

Two senior neurosurgeons separately evaluated the endoscop-
ic images after MVD. NVC was graded as follows on endos-
copy [8, 9]: grade 0, there was no relationship between the
nerve and vessels; grade 1, there was contact between the
nerve and vessels without evidence of compression; grade 2,
a groove had formed on the nerve from vascular compression;
and grade 3, the nerve has been distorted by vascular com-
pression (Fig. 2, Table 1).

Statistical analysis

We evaluated the consistency between the MRTA and surgical
findings with the kappa test [10]. The agreement was consid-
ered “poor” if the kappa coefficient was 0-0.19, “fair” if the
kappa coefficient was 0.20-0.39, “moderate” if the kappa

Table 1 Evaluation of MRTA

and surgical findings Grade 0 Grade 1 Grade 2 Grade 3
MRTA 0-1 point 2-3 points 4-6 points 7-9 points
findings
Surgical No or blurred Vessels crossing or in contact  Indentation on Severe displacement
findings relationships with the nerve the nerve of the nerve
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Fig. 2 Classification of the
degree of NVC on endoscopy. a
Grade 0. b Grade 1. ¢ Grade 2. d
Grade 3. Arrows indicate the
trigeminal nerve

coefficient was 0.40-0.59, “substantial” if the kappa coeffi-
cient was 0.60-0.79, and “almost perfect” if the kappa coeffi-
cient was 0.80-1.00 (p <0.05).

Results
Sensitivity and specificity of MRTA

On MRTA, 439 (91.5%, 439/480) patients had offending
vessels on the symptomatic side, and 41 (8.5%, 41/480)
were diagnosed without offending vessels. Regarding the
surgical findings, 449 (93.5%, 449/480) patients had
offending vessels, and 31 (6.5%, 31/480) were diagnosed
without offending vessels.

Among the 449 patients who had NVC on endoscopy, 430
patients were also diagnosed on MRTA (Table 2). Among the
31 patients without NVC on endoscopy, 22 patients were di-
agnosed on MRTA (Table 2). The sensitivity of MRTA was
95.8% (430/449), and the specificity was 71.0% (22/31).

Degree of NVC on MRTA and endoscopy

According to our classification, the severity of NVC on MRTA
and endoscopy was classified into 4 grades (Table 3). On MRTA,
41 (8.5%, 41/480) patients were grade 0, 110 (22.9%, 110/480)
patients were grade 1, 252 (52.5%, 252/480) patients were grade
2, and 77 (16.1%, 77/480) patients were grade 3. On endoscopy,
31 (6.5%, 31/480) patients were grade 0, 133 (27.7%, 133/480)

patients were grade 1, 241 (50.2%, 241/480) patients were grade
2, and 75 (15.6%, 75/480) patients were grade 3. There was
strong consistency between the preoperative MRTA and intraop-
erative endoscopy findings (kappa = 0.770).

Number of compressed vessels

We counted the number of offending vessels on preoperative
MRTA and intraoperative endoscopy (Table 4). Endoscopy
showed 31 (6.5%, 31/480) patients without NVC, 372 (77.5%,
372/480) patients with 1 offending vessel, 70 (14.6%, 70/480)
patients with 2 offending vessels, and 7 (1.4%, 7/480) patients
with 3 offending vessels. MRTA showed 41 (8.6%, 41/480)
patients with no NVC, 367 (76.5%, 367/480) patients with one
offending vessel, 65 (13.5%, 65/480) patients with 2 offending
vessels, and 7 (1.4%, 7/480) patients with 3 offending vessels.
There was consistency between the preoperative MRTA and
intraoperative endoscopy findings (kappa = 0.722).

Discussion

TN is a disease that greatly impacts quality of life. The most
commonly and widely acknowledged reason for TN is NVC.
As it can address the possible causes of TN, MVD [11] is an
effective treatment for classical TN and carries a lower risk of
nerve damage than other treatments, such as percutaneous radio-
frequency thermocoagulation and X-ray knife surgery [3, 12].
Generally, trigeminal nerve damage can cause numbness in the
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Table 2 Sensitivity and specificity of MRTA Table4 Number of offending vessels according to MRTA and surgical
findings
MRTA findings Surgical findings Total
MRTA findings Surgical findings Total
NVC+ NVC-
0 1 2 3
NVC+ 430 9 439
NVC- 19 2 41 0 22 19 0 0 41
Total 449 31 480 1 8 345 13 1 367
2 1 8 56 0 65
3 0 1 6 7
Total 31 372 70 7 480

area controlled by the nerve. Therefore, surgical treatment is the
ideal option for TN if permitted by the patient’s physical condition.
To confirm TN, all patients need to undergo preoperative MRTA.

MRTA was developed based on 3D time-of-flight magnetic
resonance angiography (TOF-MRA) sequences. With this
technique, high-speed blood flow presents a high signal inten-
sity, while CSF presents a low signal intensity, and nerves
present an intermediate signal intensity. MRTA increases the
contrast between vessels and nerves, so it can be used to ob-
tain high-resolution images of NVC around the CPA [13] with
higher sensitivity (88-96.7%) [14—19] and higher specificity
(50-100%) than TOF-MRA [15-19]. In our study, we used
MRTA images on three planes to help confirm NVC. The
sensitivity of MRTA was 95.8%, and the specificity was
71.0%. These results are similar to those previously published.

The effects of MVD are greatly dependent on the degree of
NVC. Kwang et al. [6] reported that the efficiency of MVD for
patients with grade 0 or 1 disease was only 33.3% and was 0% at
5 years, while the success rate of MVD for grade 2 disease was
80.3% and that for grade 3 disease was 96.4%. Paulo et al. [15]
reported that the success rate at 15 years was 88.1% for grade 3
NVC, 78.3% for grade 2 NVC, and only 58.3% for grade 1
NVC. The ability to predict the success rate is necessary when
selecting a treatment. Thus, MVD is recommended for patients
with grade 2 or 3 NVC on preoperative MRTA, as MVD is the
best choice for these patients. However, for patients with grade 0
or 1 disease, especially elderly patients with chronic diseases,
percutaneous radiofrequency thermocoagulation, balloon com-
pression, or radiosurgery could be preferred.

Previously, the degree of NVC was determined during
MVD. The more severe the NVC found during MVD was,

Table 3  Grade according to MRTA and surgical findings

MRTA findings  Surgical findings Total
Grade0 Gradel Grade2  Grade3

Grade 0 22 17 0 2 41

Grade 1 6 96 8 0 110

Grade 2 3 19 224 6 252

Grade 3 0 1 9 67 77

Total 31 133 241 75 480
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the higher the success rate. In most preoperative MRTA eval-
uations, close attention is paid to the presence of NVC, and the
reported sensitivities and specificities were for detecting the
presence of NVC. The accuracy of MRTA in determining the
degree of NVC was not considered.

In our study, the degree of NVC could be preoperatively
assessed on MRTA through our classification system. The
endoscopy findings were considered the gold standard be-
cause of the wide visual field of endoscopy. The degree of
NVC determined on MRTA was compared with that deter-
mined on endoscopy, and there was a high degree of consis-
tency between the results (kappa = 0.770).

Additionally, the number of offending vessels was compared,
and consistency was found between the preoperative MRTA and
intraoperative endoscopy findings (kappa =0.722). In our study,
the number of offending vessels identified on endoscopy was 0
in 6.5% of the patients, 1 in 77.5% of the patients, 2 in 14.6% of
the patients, and 3 in 1.4% of the patients. However, on MRTA,
the correct number of offending vessels was sometimes unable to
be determined. Some articles have reported that veins, to some
extent, may cause TN [20], and it was difficult to find veins on
MRTA. One explanation for this could be the lower sensitivity of
MRTA for detecting veins with a slow flow velocity [21, 22].

Conclusion

MRTA could predict not only the presence of NVC but also
the degree of NVC and the number of offending vessels. This
could help surgeons select the best surgical option.
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