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Abstract 

Introduction:  Trigeminal neuralgia is a neuropathic pain that occurs in the sensory supply region of the trigemi-
nal nerve (V cranial nerve). The common etiology of trigeminal neuralgia is said to be vascular compression on the 
trigeminal nerve root. In our day-to-day practice, we see many asymptomatic patients having vascular loops around 
the trigeminal nerve root. We undertook this study to see the significance of nerve root compression by the vascular 
loop as a cause for trigeminal neuralgia.

Materials and methods:  A total of 67 classical trigeminal neuralgia patients with NVC involving the trigeminal nerve 
as diagnosed on MRI brain sequences including FIESTA sequence were included in the study. NVC in all the patients 
were studied for the side, site of neurovascular contact of cisternal segment of the trigeminal nerve from the brain-
stem, deviation of nerve at NVC, atrophy of nerve, nature and origin of vascular loop causing NVC and correlated with 
TGN symptoms.

Results:  Out of 67 patients studied, all of them (100%) had NVC on ipsilateral side and 26 patients (34%) had NVC 
at contralateral trigeminal nerve. Incidence of trigeminal neuralgia was most commonly seen between the 41 and 
60 years age (64%) followed by 61–80 years with mean age of 55.6 years. Incidence in females (64%) was found to be 
more common than in males (35%). NVC was observed at the root entry zone (< 7 mm from brain stem) in 63 trigemi-
nal nerves on symptomatic side and 5 trigeminal nerves on the asymptomatic side. NVC occurring at REZ on symp-
tomatic side was found to be statistically significant with P < 0.001. Mean distance of NVC from brain stem at sympto-
matic side was 3.4 mm and was 8.4 mm in asymptomatic side NVCs. Atrophy was seen in 8 trigeminal nerves, all on 
symptomatic side and NVC occurring at root entry zone. No displacement of nerve root at the point of neurovascular 
contact was observed in our study. Most common vessel causing was found to be ipsilateral superior cerebellar artery 
followed by the ipsilateral anterior inferior cerebellar artery.

Conclusions:  Neurovascular contact of trigeminal nerve occurring at the nerve root entry zone has a strong associa-
tion with ipsilateral trigeminal neuralgia symptoms. In addition, the presence of the trigeminal nerve thinning is also 
associated with ipsilateral trigeminal neuralgia. With the increase in age, there are higher chances of association of 
NVC with ipsilateral trigeminal neuralgia symptoms.
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Introduction
Trigeminal neuralgia is a neuropathic pain that occurs in 
the sensory supply region of the trigeminal nerve (V cra-
nial nerve). It is characterized by stereotyped attacks of 
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paroxysmal, intense, sharp, and lancinating pain that may 
last from a split second up to 2  min. The prevalence of 
classical trigeminal neuralgia is 1–2 per 10,000 individu-
als [1]. The exact underlying etiology is unknown with 
multiple hypotheses being laid. Neurovascular conflict 
at the cisternal segment of trigeminal is the most widely 
accepted cause of trigeminal neuralgia [2].

The exact pathophysiology of the vascular contact 
causing the facial pain in cases of trigeminal neural-
gia remains controversial, however, it is agreed that the 
vascular contact causing focal demyelination of the 
trigeminal nerve, more commonly observed at the root 
entry zone (REZ), leading to cross-talk between the one 
nerve fiber and another nerve fiber resulting in altered 
pain mechanisms, thus causing neuropathic pain [3]. 
The widely accepted definition of REZ is the length of 
the proximal cisternal segment of the trigeminal nerve 
which is centrally myelinated before transitioning into 
peripherally myelinated distal nerve segment [4]. The 
myelin of central and peripheral segments was derived 
from Schwann cells and oligodendroglia respectively. 
This results in more susceptibility to external compres-
sion resulting in hemifacial pain in the distribution of the 
trigeminal nerve. This susceptibility is not seen in the rest 
of the distal part of the trigeminal nerve. As per previ-
ous studies, the medial part of the trigeminal nerve root 
shows shorter central myelination as compared to the lat-
eral part of the trigeminal nerve [5, 6]. There is marginal 
variation in the length of the REZ (3–7 mm) and the cis-
ternal segment length [6].

MRI brain study is the first investigation of choice in 
patients with trigeminal neuralgia. The MRI sequences 
we used include MR axial T2, T1, DWI, GRE, Fast Imag-
ing Employing Steady-state Acquisition (FIESTA), and 
MR angiography TOF sequence. This is a unique study 
wherein the correlation between classical trigeminal neu-
ralgia and NVC of trigeminal nerve is evaluated.

Materials and methods
The study included patients referred from department of 
neurology, PESIMSR, Kuppam with clinical diagnosis of 
unilateral classical trigeminal neuralgia for the duration 
of 25 months from August 2019 to September 2021.

The exclusion criteria of our study were patients with 
cerebellopontine angle lesions, past history of microvas-
cular decompression surgery, multiple sclerosis, trigemi-
nal nerve sheath tumors, secondaries, meningiomas, 
skull-based lesion and patients with herpetic infection of 
trigeminal nerve (trigeminal herpes zoster).

In the department of neurology, the neurologist clini-
cally examined and arrived at the clinical diagnosis of 
trigeminal neuralgia, which was made based on the diag-
nostic criteria of trigeminal neuralgia according to the 

beta-version of 3rd edition of the International Classifi-
cation of Head ache Disorders (ICHD-3). These include:

A.	At least 3 attacks of unilateral facial pain fulfilling cri-
teria B and C,

B.	 Occurring in one or more divisions of trigeminal 
nerve, with no radiation beyond the trigeminal distri-
bution,

C.	Pain has at least three of the following four charac-
teristics: (1) Recurring in paroxysmal attacks lasting 
from a fraction of a second to 2 min; (2) Severe inten-
sity; (3) Electric shock like shooting pain; (4) Precipi-
tated by innocuous stimuli to effected side of face,

D.	No clinically evident neurological deficit, and
E.	 Not better accounted for any other ICHD-3 diagno-

sis [7].

Such patients were referred to department of Radiodi-
agnosis, PESIMSR for MRI brain imaging. Our depart-
ment has 1.5 Tesla GE Signa explore machine. MRI 
brain study was performed in these patients with rou-
tine sequences including MR axial T2, T1, DWI, GRE 
along with FIESTA and MR angiography TOF sequence. 
Imaging analysis was done in all three planes (coro-
nal, axial, and sagittal) by a single radiologist with more 
than 5 years of experience in reporting MRI brain stud-
ies. Radiologist was not blinded to the clinical diagno-
sis. Radiologist evaluated both the trigeminal nerves in 
each case for the presence of NVC, side of occurrence 
of NVC, site of occurrence, the anatomical origin of the 
vascular loop causing NVC, displacement and atrophy 
of involved trigeminal nerves. Further age, sex charac-
teristics of patients and side of patient’s symptoms were 
recorded. Ipsilateral NVC is defined as NVC occurring 
at the same side as that of patient’s clinical symptoms. 
Contralateral NVC is defined as NVC of trigeminal nerve 
observed on the contralateral side to that of patient’s clin-
ical symptoms.

Neurovascular contact is defined as a vascular loop 
coming in contact with the trigeminal nerve. Whenever 
a vascular loop coming in close contact with the trigemi-
nal nerve as observed in more than 1 plane, the diagno-
sis of NVC was made. No CSF signal must be observed 
between the nerve root and vascular loop interfaces for 
diagnosing a neurovascular contact (NVC).

Root entry zone (REZ) is the length of the proximal cis-
ternal segment of the trigeminal nerve which is centrally 
myelinated before transitioning into peripherally myeli-
nated distal nerve segment [4]. There is marginal varia-
tion in the length of the REZ (3–7 mm) and the cisternal 
segment length [6]. In our study, we took 7  mm of the 
proximal part of cisternal segment of trigeminal start-
ing from its origin at pons as root entry zone. Any NVC 



Page 3 of 6Anwar et al. Egypt J Radiol Nucl Med           (2022) 53:66 	

occurring at this segment was considered as NVC occur-
ring at root entry zone.

When there is no NVC on bilateral trigeminal nerves, 
these patients were considered idiopathic trigeminal neu-
ralgia patients.

The displacement of nerve root is defined as buckling 
of trigeminal nerve at the site of occurrence of NVC. 
Atrophy of nerve root was a subjective diagnosis based 
on focal thinning (or reduced volume) of trigeminal 
nerve at the point of occurrence of NVC.

We used MS Excel 2007 version for data entry and 
SSPS 20 for statistical analysis. Chi-square test and Fis-
cher’s exact test were used to compare the changes in 
trigeminal nerves at the site of NVC between the ipsilat-
eral and contralateral sides. P value < 0.05 was considered 
a statistically significant difference.

Results
A total of 76 patients with classical trigeminal neural-
gia symptoms referred to our department for MRI brain 
imaging during this study period. 9 patients (12%) did not 
have neurovascular contact of trigeminal nerve (on both 
sides). So, a total of 67 (88%) patients who had neuro-
vascular contact of trigeminal nerve were studied. Both 
ipsilateral and contralateral sides (134 trigeminal nerves) 
were evaluated for the presence of neurovascular contact. 
67 patients (100%) had ipsilateral neurovascular contact 
of trigeminal nerve and 26 patients (34%) also had neuro-
vascular contact of trigeminal nerve on the contralateral 
asymptomatic side. Neurovascular contact was found in 
93 trigeminal nerves in our study.

None of the 76 patients had any  MRI brain imaging 
findings of multiple sclerosis, nerve sheath tumors, dural-
based tumors of Meckel’s cave, cerebellopontine angle 
lesions or cavernous sinus lesions.

Incidence of trigeminal neuralgia was most commonly 
seen between the 41 and 60  years age group with 43 
cases (64%) in this group, 20 cases were between 61 and 

80 years (30%) and 4 cases (6%) between 20 and 40 years 
(Fig.  1). Mean age of TGN patients was 55.6  years. No 
patients were of age below 20 years and above 80 years in 
our study.

Out of 67 cases with NVC, 43 were female patients 
(64%) and 24 were male patients (35%) (Fig. 2). Among 67 
patients, 40 (60%) had NVC on the left side and 27 (40%) 
on the right side.

NVC was observed at the root entry zone (< 7  mm 
from brain stem) in 63 trigeminal nerves on symptomatic 
side and 5 trigeminal nerves on the asymptomatic side. 
NVC outside the REZ (> 7 mm from brain stem) in ipsi-
lateral trigeminal nerve was observed in 4 patients. NVC 
outside the REZ (> 7 mm from brain stem) in contralat-
eral trigeminal nerve was observed in 21 patients (Fig. 3). 
NVCs at asymptomatic side were considered as controls 
in our study. With this, NVC occurring at REZ on symp-
tomatic side was found to be statistically significant with 
P < 0.001. Mean distance of NVC at symptomatic side 
was 3.4 mm and 8.4 mm in asymptomatic NVCs.

Focal atrophy of trigeminal nerve at the site of NVC 
was seen in 8 trigeminal nerves, all on symptomatic side 
and with NVC occurring at root entry zone (Fig. 4).

No displacement of nerve root at the point of neuro-
vascular contact was observed in our study.

Fig. 1  Bar graph showing the age distribution of NVC

Fig. 2  Pie diagram showing sex distribution of NVC

Fig. 3  Bar graph showing the distance of NVC of trigeminal 
nerve from brainstem ipsilateral (symptomatic) and contralateral 
(asymptomatic) nerves
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Out of 93 trigeminal nerves with NVC, 72 nerves 
(77%) had vascular compression by the ipsilateral supe-
rior cerebellar artery and 21 nerves (23%) by the ipsilat-
eral anterior inferior cerebellar artery (Fig. 5). No NVC 
due to venous loop was found in our study.

Mean length of cisternal segment was found to be 
10.3 cm.

After the MRI brain imaging, the patients were issued 
MRI reports and referred back to department of neurol-
ogy for further clinical management. We followed them 
regarding their management for trigeminal neural-
gia symptoms. All the 67 patients were found to be on 
medical management. None of the patients underwent 
microvascular decompression surgery. This is a major 
limitation in our study. Due the absence of microvas-
cular decompression surgery for these classical TGN 
patients with imaging diagnosis of NVC of trigeminal 
nerve, we were unable to intraoperatively confirm the 
neurovascular conflict, which in case would have been 
more reliable and strengthened our study results.

Discussion
Neurovascular contact is defined as a vascular loop com-
ing in contact with cranial nerve roots that sometimes 
results in neurological symptoms and focal neurological 
deficit.

Incidence of trigeminal neuralgia was more commonly 
seen in 41–60  years age group followed by 61–80  years 
in our study with mean age of 55.6 years. This is compa-
rable to study done by Maarbjerg et al [8]. They observed 
the mean age of occurrence of symptoms onset to be 
53  years and mean age at the time of diagnosis to be 
60.1 years. None of the patients were of less than 30 years 
in our study. This likely association between the older 
age group and TGN symptoms suggests that as the age 
increases the symptoms due to neurovascular conflict are 
more likely to manifest. However, our study sample size 
is small, further studies with larger sample size are nec-
essary to establish this association between the older age 
and TGN symptoms.

NVC was more commonly seen in females (63%) than 
in males (37%) in our study. This correlates with Maarb-
jerg et al [8] with 61% of female patients. In another study 
done by Katusic et  al [9] on trigeminal neuralgia had 
more incidence in female patients compared to our study 
with 73% females and 27% males in their study.

In our study, NVC occurring at the root entry zone 
(< 7  mm from brainstem) (Fig.  6) was associated with 
ipsilateral trigeminal neuralgia. This is in correlation with 
the study done by Maarbjerg et  al [10]. They found out 
that severe neurovascular contact (NVC at REZ) was 
highly prevalent on the symptomatic compared to the 
asymptomatic side, i.e., 53% versus 13% with P < 0.001.

Out of 93 trigeminal nerves with NVC, 63 ipsilat-
eral and 5 contralateral had NVC at root entry zone. 
NVC distal to REZ (Fig.  7) was observed in a total 25 

Fig. 4  Bar graph showing the presence of atrophic changes of 
trigeminal nerve in ipsilateral (symptomatic) and contralateral 
(asymptomatic) nerves

Fig. 5  Bar graph showing the distribution of vascular loop in 
ipsilateral (symptomatic) and contralateral (asymptomatic) nerves

Fig. 6  Axial FIESTA showing vascular loop (thin arrow) at root entry 
zone of the left trigeminal nerve (thick arrow)
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trigeminal nerves, out of which 4 were on ipsilateral 
side and 21 on contralateral trigeminal nerves. These 
21 cases of NVC outside the REZ on contralateral side 
had NVC within the root entry zone on ipsilateral side. 
NVCs occurring at REZ were more on symptomatic 
side. This observation is correlating with the study done 
by Miller et al. [10] where they observed the NVC to be 
occurring at more proximal nerve segment in sympto-
matic nerves compared to asymptomatic nerves.

The presence of NVC as such can be regarded as an 
anatomical variant. This becomes significant in certain 
conditions like the site of occurrence of NVC, i.e., dis-
tance from the brainstem and patient’s age. Our study 
shows NVC occurring in the root entry zone is the 
most important criterion correlating with ipsilateral 
TGN.

Superior cerebellar artery (SCA) or its branches have 
been described as the most common vessel causing 
NVC of the trigeminal nerve in the cisternal segment 
in literature [11] followed by AICA and its branches. In 
some cases, both SCA and AICA can be found in con-
tact with the affected trigeminal nerve. In a study done 
by Yoshino et al. [12], SCA was found to cause NVC in 
46%, AICA in 9%, basilar artery in 4%, posterior cere-
bellar artery in 2%, and vein in 6%. In our study, SCA 
was seen in 77% of cases causing NVC and AICA was 
found to be the cause of NVC in 23%. No venous loop 
was observed in our study.

In a study done by Maurya et al. [13], nerve atrophy 
was found in 52.9% of cases, arterial imprint/grooving 
on the trigeminal nerve in 50.9% of cases, and distor-
tion of the course of the trigeminal nerve in 23.5% of 
cases. In our study, nerve atrophy (Fig. 8) was uncom-
monly observed in 8 cases (12%) only. The NVC was 
observed at root entry zone in all the cases with nerve 
root atrophy in our study. No nerve atrophy seen in the 
trigeminal nerves with NVC occurring distal to REZ.

We did not observe any nerve root deviation/obvious 
displacement from the normal course of the cisternal 
segment of the trigeminal nerve.

MRI brain imaging with FIESTA sequence is very reli-
able in diagnosing NVC. MRI TOF angiogram sequence 
is helpful in identifying the origin and nature of vascu-
lar loop involved in the NVC. The imaging diagnosis of 
NVC at root entry zone, when observed in patients with 
trigeminal neuralgia symptoms is definitely significant. 
However, the gold standard method to prove that NVC 
is underlying cause of TGN is by intraoperative confirma-
tion and marked clinical improvement of symptoms post 
microvascular decompression surgery. This is the major 
limitation in our study. However, from previous studies 
done by Mistry et al. [14] who had done intra operative 
confirmation, we can assure that NVC at REZ is most 
likely cause for trigeminal neuralgia in patients with ipsi-
lateral symptoms.

Conclusions
Neurovascular conflict of trigeminal nerve occurring at 
the nerve root entry zone has a strong association with 
ipsilateral trigeminal neuralgia symptoms. In addition, 
the presence of the trigeminal nerve thinning is also asso-
ciated with ipsilateral trigeminal neuralgia. Neurovas-
cular conflict occurring distal to the root entry zone is 
less likely associated with trigeminal neuralgia. With the 
increase in age, there are higher chances of association of 
NVC with ipsilateral trigeminal neuralgia symptoms.
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