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ABSTRACT

BACKGROUND Trigeminal neuralgia (TN) is primarily caused by neurovascular
compression (NVC) at root exit zone (REZ) in cerebellopontine angle cistern. In
some NVC cases, it was suspected that clinical symptoms may be correlated with
the distance of trigeminal nerve root to vascular contact. Pain assessment scale
(PAS) was the most common scale used to evaluate TN pain, therefore this study
was conducted to analyze the correlation between PAS usingnumeric rating scale
(NRS) and distance from the NVC to REZ location in patients with TN using 3D CISS
MRI sequence.

METHODS This cross-sectional study was conducted at the Department of Radiology,
Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital,
Jakarta, using secondary data of 32 patients, collected from Picture Archiving and
Communication System from January 2013 to January 2016. Statistical analysis was
performed using SPSS, version 20.0. Spearman p-value of < 0.05 was considered
significant.

RESULTS A total of 32 patients met the inclusion criteria. The mean (SD) distances
from the NVC to the REZ were 2.1 (2.1), 2.31 (2.25), and 3.22 (2.63) mm on the shortest,
medial, and lateral sides, respectively. The correlation coefficients (r) between the PAS
value and the NVC distance in relation to the trigeminal nerve REZ were -0.39 (p =
0.021), -0.57 (p < 0.01), and -0.57 (p = 0.294) on the shortest, lateral, and medial sides,
respectively.

CONCLUSIONS PAS using the NRS instrument exhibited an inverse correlation to NVC
distance to the REZ of the trigeminal nerve. Shorter distance increased the PAS value.

KEYWORDS neurovascular compression, pain assessment scale, trigeminal neuralgia

Trigeminal neuralgia (TN) or tic douloureux is a
condition manifested by sudden unilateral facial pain
along the course of one or more of the 5th cranial
nerve branches. It can occur spontaneously or be
provoked by activities.” Joffroy et al® reported that the
incidence of TN ranged from 3 to 5 cases per 100,000
people per year and the peak age of onset was 50-60
years. The TN ratio between females and males was
reported as 2:1. The quality of pain in patients with TN
varies. The pain is evaluated using a pain assessment

scale (PAS) by a numeric rating scale (NRS), which
is one of the most commonly used instruments.
This diagnostic instrument is recommended by The
National Initiative on Pain Control and has been used
for pain evaluation before and after a procedure.?

TN is frequently caused by neurovascular
compression (NVC) on the superior cerebellar
artery (SCA) is most frequent vascular compressed
the nerve. The other causes (about 1-2%) include
tumors in the cerebellopontine angle (CPA) region
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such as meningioma, epidermoid tumor, acoustic
neuroma, vascular malformation, and multiple
sclerosis.* Neurovascular contacts caused by vessel
juxtaposition in the trigeminal nerve which also occur
in asymptomatic patients and neurovascular contact
occurs in the proximal root exit zone (REZ) in 76% of
symptomatic and 17% of asymptomatic patients.>

Suzuki et al® reported that in asymptomatic
patients with TN, the location of the NVC to the REZ
was more likely to be on the distal side than that
in symptomatic patients. REZ is the site where the
trigeminal nerve exits the brainstem and the central
nervous system transitions into the peripheral nervous
system. It is in this transitional zone where NVCis likely
to occur, and focal demyelination of the trigeminal
nerve fibers also occurs at this site because of nerve
compression by blood vessels. According to Peker et
aly” the central myelin consists of oligodendroglial
cells whose amount decreases as they extend more
into the periphery before being replaced by Schwann
cells. Demyelination in the central myelin can result in
increased trigeminal pain, especially in the proximal
REZ because of the higher amount of oligodendroglial
cells in the proximal than in the distal REZ.

The best modality to evaluate NVC in TN is using
3D constructive interference in steady state (CISS)
magnetic resonance imaging (MRI). This method
has the advantages of short-time acquisition, high
signal-to-noise ratio, and good contrast-to-noise ratio
compared with other MRI sequences.® Tarnaris et al®
reported that the sensitivity of 3D CISS MRI sequence
was 100% higher than that of magnetic resonance
angiography using gadolinium contrast, whose
sensitivity was 56.2%, when evaluating patients with
hemifacial spasm. Due to the high sensitivity of 3D CISS
MRI sequence in evaluating NVC, this technique can be
used as a routine protocol for evaluating NVCin TN.

The distance between NVC location and REZ may
be closely associated with the variation of pain quality
that can be assessed by PAS as a symptom in patients
with TN. To the best of found knowledge, no study
in Indonesia has yet evaluated the distance between
NVC location and the REZ and the vascular caliber, the
vascular origin, and the grading of compression using
the highly sensitive 3D CISS MRI for imaging NVC in
TN. With this background, this study was conducted
to analyze the correlation between PAS using NRS
and the distance between NVC location and REZ
in patients with TN using 3D CISS MRI sequence.
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We expect that the results of this study would help
physicians determine the appropriate therapy and
in mapping for microvascular decompression and
provide more information about the location of NVC
to the REZ, which is a factor that can affect painin TN.

METHODS

This retrospective, cross-sectional study was
conducted using the secondary data of 32 patients,
which have been collected from a picture archiving and
communication system, and their PAS values collected
from the medical records data from January 2013 to
January 2016. The secondary data were obtained from
3D CISS MRI sequence examination by a radiographer
at the Department of Radiology, Cipto Mangunkusumo
Hospital. The ethical committee of the Faculty of
Medicine, Universitas Indonesia, approved this study
(No. 145/UN2.F1/ETIK/2016). Patients with tumor in the
CPA region were excluded.

Data collection

All the study patients were imaged by MRI 1.5
T Avanto siemens. The CISS sequence parameters
were repetition time (TR), 5.42 ms, echo time (TE),
2.42 ms, flip angle 77°, bandwidth 399 Hz/Px, slice
thickness 2-6 mm with an interslice gap of 20%,
and matrix size 256 x 256. The region of interest
was focused in the CPA to evaluate the tumor using
the TIWI and T2WI sequences in the axial, coronal,
and sagittal 54 slices. The distance between the
compression location and the medial and lateral REZ
was measured by 3D CISS MRI sequence with the
axial slice in the workstation monitor and the lowest
distance was taken for analysis. If the vascular
compression was found on one side of the trigeminal
nerve, only one side measurement was done. To
evaluate the vascular origin, the vascular caliber and
the degree of compression were measured by 3D
CISS MRI sequence. The distance of the compression
location was defined by the distance between the
vascular-nerve contact and the REZ in the anterior
or lateral pons. Suzuki et al® classified the distances
as <1, 1-2, 2-3, 3-4, 4-5, and >5 mm. The degree of
vascular compression was obtained from 3D CISS
MRI sequence examination with the axial slice for
cerebrospinal fluid rim sign and deviation sign. Jo et
al' stated that the degree of vascular compression
can be rated on a 0-3 scale, with grade o indicating
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no vessel compression, grade 1 representing vessel
compression without nerve indentation, grade 2
indicating mild-to-moderate indentation of the
nerve compression, and grade 3 indicating severe
indentation or displacement in the nerve by the
vessel.

PAS data were obtained from the medical records
of patients who underwent the 3D CISS MRI sequence
examination. The numeric pain rating scale instrument
was used to evaluate PAS with a range of 0-10, where
o0 implies no pain, 5 indicates moderate pain, and 10
implies worst possible pain.?

Data analysis

Statistical analysis was performed using the
Statistical Package for Social Sciences, version 20.0.
The correlation was measured by the Spearman
test as the data were not normally distributed. The
significance of the correlation was considered based
on the p-value, and the strength of the correlation
was determined by the r-value. The adjusted r was
obtained by the adjustment of correlation.

RESULTS

A total of 32 patients were included in the analysis.
The mean (SD) of age was 53.1(11.9) years, with the age
range being 19-74 years. The proportion of females
(n = 21, 65.5%) was higher than that of males (34.4%).
The majority of subjects were diagnosed with TN on
the right side (59.4%), whereas TN on the left side was
detected in 13 subjects (40.6%). Based on the quality of
TN pain that was visualized by NRS, approximately 17
subjects were found to suffer from pain on a scale of
(53.1%) (Table 1).

In 29 subjects, the source of trigeminal nerve
compression was a single vascular origin, and in 3
subjects, it was two vascular origins. Thus, there
were 32 subjects with a total of 35 vascular origin
measurement that was caused by compression in the
trigeminal nerve. The most common vascular origin
involved in NVC was the SCA in both right-sided TN
(52.38%) and left-sided TN (57.14%) (Table 2). Among 35
vascular origins that caused the NVC in patients with
TN, the largest vascular caliber was that of the basilar
artery and the smallest was that of the pontine artery.

In this study, it was used the shortest distance
between REZ and NVC in the trigeminal nerve for
evaluating the correlation between the distance and
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Table 1. Distribution of subject characteristics distance
between NVCand REZ in TN

Subject characteristics Fre:t(J;r;cy,
Gender
Male 11 (34.4)
Female 21 (65.5)
Age groups (years)
19-50 14 (43.8)
51-74 18 (56.3)
Side of TN diagnosis
Right 19 (59.4)
Left 13 (40.6)
Pain rating scale
Null 6(18.7)
1-2 9(28.1)
>3 17 (53.1)
Vascular origin
1 origin 29 (91.4)
2 origins 3(8.6)
Grade of right compression scale
Null 13 (37.1)
1 9(25.7)
2 8(22.9)
3 5(14.3)
Grade of left compression scale
Null 14 (40)
1 5(14.3)
2 4(11.4)
3 12 (34.3)
Type of vascular crossing to trigeminal nerve
Type A 4(12.5)
Type B 7 (21.9)
Type C 18 (56.3)
Unclassified (2 origins involved) 3(9.8)
Distance between NVC and REZ, mean (SD)
The shortest distance 2.1(2.1)
Medial side 2.31(2.255)
Lateral side 3.22 (2.637)

NVC=neurovascular compression; REZ=root exit zone; TN=trigeminal
neuralgia; SD=standard deviation

the PAS value. The mean (SD) of the measurement
of the shortest distance was 2.1 (2.1) mm. Direct
measurement was used to evaluate the distance
between REZ and NVC in the trigeminal nerve on
the medial and lateral sides. The mean (SD) of the
measurement of the distance between the vascular



Table 2. Vascular caliber according to vascular origin in TN
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Right

Left

Vascular origin
Frequency, n (%)

Vascular caliber,

Vascular caliber,
Frequency, n (%)

mean (SD) mean (SD)
SCA 11 (52.38) 1.29 (0.19) 8(57.14)
AICA 3 (14.29) 1.30 (0.15) 4 (28.57)
Basilar artery 2(9.52) 7.09 (1.22) 1(7.14)
Vertebral artery - 5.35 1(7.14)
Pontine artery 3(14.29) 0.75 (0.98) -
Pet. superior vein 2 (9.52) 0.97 (0.36) -

TN=trigeminal neuralgia; SD=standard deviation; SCA=superior cerebellar artery; AICA=anteroinferior cerebellar artery; Pet. superior vein=superior

petrous vein

compression and the REZ on the medial side was
2.31 (2.255) mm, and the shortest distance was
approximately o mm, whereas the longest distance
was approximately 10.00 mm. On the lateral side,
we found that the mean (SD) was 3.22 (2.637) mm,
and the shortest distance was 0.00 mm, whereas the
longest distance was 11.00 mm (Table 1).

Based on the Spearman correlation test between
pain rating scale and NVC distance to the REZ
using 3D CISS MRI sequence, a weak correlation
coefficient was observed between the shortest
distance in NVC to REZ using the pain rating scale
(r = -0.39, p = 0.021) (Figure 1a). The Spearman
correlation coefficient between the NVC distance
and the REZ on the lateral side using the pain
rating scale demonstrated a moderate correlation
coefficient (r = -0.57, p = 0.294) (Figure 1b). The pain
rating scale inversely correlated with the shortest
distance and the distance on the lateral side. Pain
as a symptom resulting from TN can become worse
when the distance between NVC and REZ becomes
shorter in the trigeminal nerve. However, on the
medial side, no significant correlation was detected
in this study (r = -0.57, p = 0.294) (Figure 1c).

DISCUSSION

TN is a unilateral facial pain that occurs in the
trigeminal nerve and is primarily caused by NVC.
Pain as a symptom resulting from TN has been
reported to vary and correlate with the site of
NVC compression in the trigeminal nerve. For
asymptomatic patients with TN, NVC was found
on the distal side of REZ, whereas it was primarily
found on the proximal side of REZ in symptomatic
patients.® The aim of this study was to analyze the

correlation between the NVC distance and the REZ
using 3D CISS MRI sequence with pain as a symptom
of TN measured using the pain rating scale.

The mean age of the study subjects was 53 years,
with the range being 19-74 years, and subjects were
divided into two groups, 19-50 and 51-74 years.
Based on the age groups, the latter group consisted
of more subjects than the former. The majority of the
subjects were females. Joffroy et al* reported that
the ratio between females and males among patients
with TN was 2:1in the 40-year-old group and the peak
age of onset was 50-60 years. The higher prevalence
of TN in older people was related to the vascular
degeneration process, whereas in females, the higher
prevalence was associated with the accumulation of
atherosclerosis.™

In this cross-sectional study, we conducted 3D
CISS MRI examination without contrast medium. We
used several slices of thicknesses ranging from 0.20
to 0.80 mm to reveal more details about NVC and
found that the combination of 0.2, 0.4, and 0.6 mm
of slice thickness would provide the best information
compared with other slice thicknesses. The variations
in slice thickness in imaging provide more sequence
details, which can help determine the vascular
origins of NVC, than in subjects with single-slice
thickness. The advantages of 3D CISS MRI sequences
included construction into 3D imaging, a thinner slice
thickness, and rapid acquisition time. Furthermore,
all the 3D CISS MRI sequences performed better in
NVC evaluation because of the ability to differentiate
between an artery and a nerve.'

Using the 3D CISS MRI examination, we found
that SCA was the most common cause of NVC in
52.38% of right-sided TN (Figure 2a) and also in
57.14% of left-sided TN (Figure 2b). Similar results
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Figure 1. Correlation between pain assessment scale and the
distance of NVC to REZ in patients with TN. (a) The shortest
distance; (b) Lateral side; (c) Medial side. NVC=neurovascular
compression; REZ=root exit zone; TN= trigeminal neuralgia
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were obtained by Cheng et al,”” wherein SCA was
the most common cause of compression, followed
by the anteroinferior cerebellar artery (AICA) rather
than other vessels in the pontine region such as the
basilar artery and pontine veins. In this study, it was
found that SCA originates from the proximal basilar
artery, which is defined as typical configuration 1.”
Krzyzewski et al® stated SCA generally originates
bilaterally from the basilar artery as a single trunk
and its diameter is significantly wider in that type
compared with other anatomical variations.

The majority of the compressions in this study was
found to be of third-grade, with the deviation sign
image and a narrowing trigeminal nerve caliber. The
etiology of third-grade compression was larger blood
vessels such as the basilar and vertebral arteries rather
than the SCA or AICA. The results of this study are
not different from those of Blitz et al* who evaluated
TN using 3D CISS MRI sequences without contrast
medium and found higher grading compression
(grades 1, 2, and 3) of neurovascular conflict in the
symptomatic side of the trigeminal nerve than that
in the group of the asymptomatic side that had null
grade. The neurovascular conflict in NVC is sufficient
but not specific for causing symptoms.

The mean (SD) measurement of the shortest
distance between NVC and REZ in this study was 2.1
(2.1) mm. A closer distance between NVC and REZ
could increase the pain. Some of the studies have
evaluated the relationship between the severity of
NVC and symptomatic and asymptomatic subjects.
According to Suzuki et al,® the mean distance was
0.94 (1.27) mm in the symptomatic nerve group,
whereas it was greater in the asymptomatic nerve
group (3.85 [2.69] mm). Lorenzoni et al> evaluated
the distance between the NVC and the brainstem
surface in symptomatic subjects and found that it was
<3 mm in 39 cases and =3 mm in 42 cases. However,
they did not evaluate the distance in asymptomatic
subjects.

In this study, there was an inverse correlation
betweenpainassessedusingNRSandtheNVCdistance
to the REZ (r = -0.39, p = 0.021). A closer distance
between them could increase pain as a symptom
of TN. Similarly, this study also demonstrated a
correlation between NRS and compression distance
on the lateral side (r = -0.57, p < 0.001). However,
analysis on the medial side showed no correlation
between the distance and the NRS because the mean
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Figure 2. NVC vascular origin: (a) Female, 69 years old, with TN, both left TN (white arrowhead) and right TN (red arrowhead)
had normal size and morphology. No evidence of thickening but right SCA (red arrow) ran through and compressed right TN; (b)
Male, 63 years old, with TN. No evidence of thickening and dilatation of left TN (white arrowhead) and left superior cerebellar
artery (white arrow) but left superior cerebellar artery (white arrow) compressed left TN (white arrowhead). NVC=neurovascular
compression; TN=trigeminal neuralgia; SCA=superior cerebellar artery

distance was beyond the central myelin. Similar
results were obtained by Suzuki et al,® who reported
that TN is primarily caused by NVC near to REZ. The
REZ is the site where focal demyelination of the
trigeminal nerve occurs due to constant compression
by blood vessels suppressing the nerve. In this study,
a lower distance between NVC and REZ correlates
with a higher value in the pain rating scale.

This finding was supported by Tomii et al®
who found that the central myelin consisted of
oligodendrocytes whose amount decreased more
as they extended into the peripheral before being
replaced by Schwann cells. Demyelination in the
central myelin would cause severe trigeminal pain,
especially in the proximal REZ. The central myelin on
the medial side was 0.1- to 2.5-mm long and 1.13-mm
long for the mean distance. However, on the lateral
side, it was 0.17- to 6.75-mm long and the mean
distance was 2.12 mm. The mean distance in this study
was 2.10 mm, and the compression distance on the
lateral side was 3.20 mm.” Based on the findings from
the literature review, the acquired mean distance fell
under the area of central myelin, which would have
correlated with NRS scores.

Therefore, this study has demonstrated that a
closer distance between the NVC location and the
REZ in the trigeminal nerve can increase pain as a
manifestation of TN. This finding was interesting in
that the location of NVC could result in variations in
pain in patients with TN. Therefore, we expect that

this study can provide more information about this
topic and the 3D CISS MRI examination can be used
as a protocol to evaluate trigeminal nerve and NVC
contact.

There are some limitations exist in this study.
First, due to the small number of patients with TN,
the use of analgesics in the subjects as an exclusion
criterion was not considered. The second limitation is
the variation in slice thickness on 3D CSS MRI during
the assessment of each subject as the usage of single-
slice thickness would cause difficulties in determining
the vascular origin and vascular compression location.
The third limitation is the limited data to confirm the
etiology and the vascular compression characteristics
as only three patients underwent microvascular
decompression surgery.

Conclusions

PAS evaluated using an NRS instrument showed an
inverse correlation with the distance of NVC to the REZ
of the trigeminal nerve. A closer distance between NVC
and REZ of the trigeminal nerve could increase pain as a
manifestation of TN.
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