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Abstract

Background: Tinnitus, sensory neural hearing loss (SNHL), and vertigo are common audio-vestibular symptoms.
Many diseases are associated with these symptoms; however, the exact cause is not always identified. Some studies
show that the etiology could be related to the presence of a vascular loop in contact with the 8th cranial nerve.
Three-dimensional (3D) constructive interference in steady state (CISS) is a fully refocused gradient-echo magnetic
resonance imaging (MRI) sequence that has high sensitivity in evaluation of the cranial nerves. This high sensitivity
is a result of its inherent ability to accentuate the T2 values between cerebrospinal fluid (CSF) and adjacent
anatomical or pathological structures. We aimed to evaluate the association of audio-vestibular symptoms with the
presence of vascular loops and vascular contact in cerebellopontine angle (CPA) and the internal auditory canal
(IAQ) using 3Tesla MRI. The study included 98 patients (196 ears); 51 females and 47 males with audio-vestibular
dysfunction symptoms in isolation or combined; 40 patients with tinnitus, 50 with sensory neural hearing loss, and
32 with vertigo. The healthy control group with no symptoms in either ear, n = 60 (120 ears): 32 females and 28
males. The non-symptomatic ears in the patients were added to the healthy control group. All MRI examinations
were performed by using a 3T (Magnetom Verio 3T; Siemens Medical Solutions, Erlangen, Germany).

Results: No statistically significant association was detected between the presence of different grades of vascular
loop or types of vascular contact and any of the studied audio-vestibular symptoms.

Conclusion: No possible role of the presence of vascular loop/contact was identified in causing tinnitus, deafness,
or vertigo as evaluated by 3D-CISS sequence. Therefore, presence of vascular loops in contact with the 8th cranial
nerve is not certainly considered pathological but possibly to be a normal anatomical coincidental finding.

Keywords: Tinnitus, Vascular loop, Constructive interference steady state (CISS), Cerebellopontine angle, Internal
acoustic canal, Magnetic resonance imaging (MRI)

* Correspondence: Mamdouh.zidan@alexmed.edu.eg;
Mamdouh_zidan@yahoo.com

'Diagnostic Imaging Department, Faculty of Medicine, Alexandria University,
Alexandria, Egypt

°Medical Imaging Department, King Abulaziz Hospital, National Guard Health
Affairs, Alahsa, KSA, Riyadh, Saudi Arabia

. © The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
@ Sprlnger Open which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
— appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-020-00238-7&domain=pdf
http://orcid.org/0000-0001-6033-5388
http://creativecommons.org/licenses/by/4.0/
mailto:Mamdouh.zidan@alexmed.edu.eg
mailto:Mamdouh_zidan@yahoo.com

Zidan and Almansor Egyptian Journal of Radiology and Nuclear Medicine

Background

Tinnitus, sensorineural hearing loss (SNHL), and vertigo
are common audio-vestibular symptoms and they are
well-known classic triad in inner ear disease involving
the membranous labyrinth [1]. However, in absence of
inner ear disease, the exact cause is not always recog-
nized. It has been proposed that compression of the ves-
tibulocochlear nerve (8th cranial nerve) by a vascular
loop of the anterior inferior cerebellar artery (AICA)
could be the causative factor resulting in the otologic
symptom. This pathology is described as vascular com-
pression syndrome (VCS) which is caused by direct con-
tact between a blood vessel and a cranial nerve [2-4].
Initially, the hypothesis of VCS was suggested by
McKenzie in 1936 and later, discussed by Jannetta in
1975, to refer to cranial nerve dysfunction [2].

Various explanations were assumed to explain the im-
paired nerve’s function as an effect of vascular compres-
sion. Early in 1945, Sunderland et al. assumed that the
proximity between the AICA and the nerves within the
narrowed space of the IAC possibly produce nerve con-
duction disturbance due to the applied mechanical pres-
sure via atheromatous, tortuous, or pulsating vessels [5].
The pulsatile vascular compression may result in nerve
demyelination and/or fixation of the artery to the nerve
by arachnoid adhesions [6]. It was also proposed that the
arterial elongation and brain “sag” related to the aging
process may result in cranial nerve cross-compression in
the CPA [7]. Impaired blood flow through the vascular
loop as a direct result of neurovascular compression was
suggested to result in reduced vascular perfusion of the
cochlea and vestibule leading to dysfunction [8].

An improvement in dysfunctional hyperactivity of the
8th cranial nerve was detected after microvascular de-
compression, which favored relation to the existence of
a vascular loop [2, 9]. Though the concept of vascular
compression has been adopted for hemifacial spasm and
trigeminal neuralgia, contradictory results have been re-
ported about the relationship between VCS and neuro-
otologic symptoms [3, 10, 11].

In literature, audio (tinnitus, SNL)-vestibular (vertigo)
symptoms triad often occur in combination or in isola-
tion, with different insinuations for causative pathology
as there is a wide range of conditions causing these
symptoms [12]. Researchers have tried to establish a
consensus on the clinical categorization of these symp-
toms that should be implemented as guidelines for de-
ciding the appropriateness of the required imaging [13].

In routine clinical practice, the diagnostic potentials of
conventional radiography in revealing the underlying
causes for facial and audio-vestibular dysfunction were
limited. Meanwhile, computed tomography (CT) contri-
bution to evaluate membranous labyrinthine diseases
and small lesions of the internal auditory canal is
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hindered. Magnetic resonance imaging (MRI) is currently
the most informative imaging technique in evaluating pa-
tients with audio-vestibular dysfunctions [11, 14, 15]. MRI
has allowed better visualization of the CPA and IAC and
is the method of choice for evaluating the 8th CN in pa-
tients with audio-vestibular symptoms. Preference of MRI
techniques is contributed to the superior contrast reso-
lution and multiplanar imaging capability, which make de-
tection of small lesions of the membranous labyrinth and
IAC within reach. MRI is used to exclude retrocochlear
pathologies especially in patients with asymmetrical sen-
sorineural hearing loss, unilateral tinnitus, or vestibular
findings [14].

The purpose of our study was to evaluate the associ-
ation of audio-vestibular symptoms with the presence of
vascular loops and vascular contact in the CPA and IAC
using 3Tesla magnetic resonance imaging.

Methods

Patients groups

This retrospective study included 98 patients (196 ears):
51 females and 47 males; age range, 11-73 years; mean
47.6 + 15 years with audio-vestibular dysfunction symp-
toms in isolation or combined; 40 patients with tinnitus,
50 with sensory neural hearing loss and 32 with vertigo.
The healthy control group with no symptoms in either
ear, n = 60 (120 ears); 32 females and 28 males; age
range, 19-88 years; mean 45.6 + 11.7 years (Table 1). The
non-symptomatic ears in the patients were added to the
healthy control group. In the groups of tinnitus and
SNHL, both sides of patients and controls were evalu-
ated separately as symptomatic and asymptomatic ear.
Exclusion criteria included the patients with neuritis, tu-
mors at the CPA, previous CPA surgery, or temporal
bone trauma.

Imaging and evaluation
The vascular loops of the AICA were graded as previ-
ously described by Chavda in McDermott et al. [16] as
follows: grade I—when an AICA vascular loop borders
the internal auditory meatus (internal acoustic pore),
lying only in the CPA but not entering the IAC; grade
II—when the loop insinuates itself into the internal audi-
tory meatus but occupies 50% or less of the canal; or
grade III—when the loop occupies more than 50% of the
canal. In addition, we also categorized the presence of
vascular contact with the 8th cranial nerve into type I—
no contact, type II—contact without nerve angulation,
and type III—contact with 8th cranial nerve angulation.
All MRI examinations were performed using a 3T
(Magnetom Verio 3T; Siemens Medical Solutions, Er-
langen, Germany). The imaging protocol consisted of
axial T2-weighted images of the whole brain and coronal
and axial T1-weighted images of the CPA before and
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Table 1 Distribution of the studied groups according to demographic data and audio-vestibular dysfunction symptoms

Patient, n = 98 (ears 196)

Control, n = 60 (ears 120)

Sex
Male 47 (48%) 28 (46.7%)
Female 51 (52%) 32 (53.3%)
Total 98 (100%) 60 (100%)
Age (years)
Median (Min.-Max.) 51 (11-73) 46 (19-88)
Mean + SD 476 £ 150 456 £ 11.7
Audio-vestibular dysfunction symptoms
Tinnitus (patients n = 40/98)
Total ears with tinnitus 42 (21.4%) -
Total ears without tinnitus 154 (78.6%) o
Sensory hearing loss (patients n = 50/98) _
Total ears with hearing loss 34 (17.3%) -
Total ears without hearing loss 162 (82.7%) _
Vertigo ( patients n = 32/98) _
Total patients with vertigo 32 (32.7%) -
Total patients without vertigo 66 (67.3%) _
Total studied ears 196 (100%) 120 (100%)

after administration of intravenous contrast medium.
Three-D constructive interference steady state (CISS)
imaging of the CPA was performed. The healthy control
group was examined with the 3D CISS sequence in
addition to the routine cranial MR imaging protocol.

The 3-dimensional (3-D) constructive interference in
steady state (CISS) sequence parameters consisted of TR
6.6/TE 3.0/excitation 1, flip angle of 70°, matrix of 256 x
512, and field of view of 140 x 140 mm signal-to-noise
ratio (SNR) 1.00. An axial slab was imaged and divided
into 72 sections (slice thickness, 0.4 mm). Voxel size was
0.5 x 0.4 x 0.4 mm. The average acquisition time was 6
min.

For all patients, 3-D CISS sequences produced detailed
images of the CPA and the IAC with visualization of the
cisternal and intracanalicular segments of the facial
nerve and the various components of the vestibuloco-
chlear nerve complex.

Statistical analysis

Data were analyzed using IBM’s statistical package for
the social sciences (SPSS) software, version 20.0.
(Armonk, NY: IBM Corp). Parametric quantitative data
were expressed using mean, standard deviation (SD),
and median. Significance level was set at 5%. Qualitative
data were analyzed using chi-square test.

Results
The included 98 patients (196 ears) were divided into
symptomatic and asymptomatic ears according to the

clinical data: tinnitus, SNHL, and vertigo (Table 2). Sixty
controls (120 ears) were included in the asymptomatic
category.

According to MRI finding, analysis of the relation be-
tween tinnitus (n = 42 ears) and vascular loop grades I-
III (Fig. 1) showed grade I in n = 31 (73.8%), grade II in
n =7 (16.7%), and grade III in n = 4 (9.5%) (Table 2).
The asymptomatic sides were evaluated in the patients
(n = 115 ears) and healthy controls (n = 120 ears). The
patients presented as grade I n = 111 (72.1%), grade Il n
= 39 (25.3%), and grade III n = 4 (2.6%). The healthy
control presented as grade I n = 75 (62.5%), grade Il n =
37 (30.8%), and grade III n = 8 (6.7%). The relation be-
tween tinnitus and vascular loop (grades I-III) showed
no significant association between the presence or ab-
sence of tinnitus and any of the studied vascular loop
grades (p = 0.15). The relation between tinnitus and vas-
cular contact types I-III (Fig. 2) showed type I in n = 22
(52.4%), type II in n = 18 (42.8%), and type Il in n = 2
(4.8%)

(Table 2). The asymptomatic sides in the patients
showed type I n = 111 (72.1%), type Il n = 38 (24.7%),
and type III n = 5 (3.2%). The healthy controls presented
as type I n = 53 (44.1%), type Il n = 62 (51.7%), and type
Il n = 5 (4.2%). The relation between tinnitus and vas-
cular contact (types I-III) showed no significant associ-
ation between the presence or absence of tinnitus and
any of the studied vascular contact types (p = 0.65).

The relation between SNHL (# = 34 ears) and vascular
loop (grades I-1II) showed that grade I was present in n
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Table 2 Distribution of audio-vestibular dysfunction symptoms in patients with vascular loop/vascular contact MRI
MR findings ~ Tinnitus Sensory hear loss (deafness) Vertigo
Symptomatic - Asymptomatic ear ) Symptomatic  Asymptomatic ear ) With Without X p
ear (n = 42) Patient Control ear (n = 34) Patient Control (=64 Patients Control
(h=154) (n =120) (n=162) (n =120) (h=132) (n=120)
Vascular loop
Grade | 31 (73.8%) 111 (72.1%) 75 (625%) 3.79 0.15 25 (73.5%) 115 (71%) 75 (62.5%) 0.72 070 45 (70.3%) 88 (66.7%) 75 (625%) 222 033
Grade Il 7 (16.7%) 39 (253%) 37 (30.8%) 8 (23.5%) 39 (24%) 37 (30.8%) 18 (28.1%) 37 (28.0%) 37 (30.8%)
Grade Il 4 (9.5%) 4 (2.6%) 8 (6.7%) 1 (3%) 8 (5%) 8 (6.7%) 1 (1.6%) 7 (5.3%) 8 (6.7%)
Vascular
contact
Type | 22 (52.4%) 111 (72.1%) 53 (44.1%) 086 065 20 (58.8%) 112 (69.1%) 53 (44.2%) 003 1.0 42 (656%) 100 (75.7%) 53 (44.2%) 0.77 068
Type Il 18 (42.8%) 38 (24.7%) 62 (51.7%) 13 (38.3%) 47 (29%) 62 (51.6%) 20 (31.3%) 31(235%) 62 (51.7%)
Type Il 2 (4.8%) 5 (32%) 5 (4.2%) 1 (2.9%) 3 (1.9%) 5 (4.2%) 2 (3.1%) 1 (0.8%) 5 (4.2%)

X Chi square test
Grade | in CPA, Grade Il in 1AC < 50%, Grade Il in I1AC > 50%

Type | no contact, Type Il contact without nerve angulation, Type /Il contact with nerve angulation

p p value for comparing between the different groups

= 25 (73.5%), grade Il in n = 8 (23.5%), and grade III in
n =1 (3%) (Table 2). The asymptomatic sides were eval-
uated in the patients n = 162 and healthy controls #
120. The patients presented as grade I n = 115 (71%),
grade II n = 39 (24%), and grade III n = 8 (5%). The rela-
tion between SNHL and vascular loop (grades I-III)
showed no significant association between the presence
or absence of deafness and any of the studied vascular
loop grades (p = 0.70). As for the relation between
SNHL and vascular contact (types I-III), patients showed
type I in n = 20 (58.8%), type 1l in n = 13 (38.3%), and
type III in n = 1 (2.9%) (Table 2). The asymptomatic
sides in the patients presented as type I n = 112 (69.1%),
type I n = 47 (29%), and type III n = 3 (1.9%). The rela-
tion between SNHL and vascular contact (types I-III)
showed no significant association (p = 1.0).

Studying the relation between vertigo and vascular
loop (grades I-III) showed that patients complained of
vertigo (n = 64 ears) presented as follows; grade I n = 45
(70.3%), grade II n = 18 (28.1%), and grade III n = 1
(1.6%) (Table 2). The asymptomatic patients (n = 132
ears) presented as grade I n = 88 (66.7%), grade II n

37 (28%), and grade III n = 7 (5.3%). The relation be-
tween vertigo and vascular loop (grades I-III) showed no
significant association between the presence or absence
of vertigo and any of the studied vascular loop grades (p
= 0.33). As for the relation between vertigo and vascular
contact (types I-III), the patients presented as follows type
Lin n = 42 (65.6%), type Il in n = 20 (31.3%), and type III
in n =2 (3.1%) (Table 2). The asymptomatic patients pre-
sented as type I n = 100 (75.7%), type Il n = 31 (23.5%),
and grade III #n = 1 (0.8%). The relation between vertigo
and vascular contact (types I-1II) showed no significant as-
sociation between the presence or absence of vertigo and
any of the studied vascular contact types (p = 0.68).

Discussion

The diagnosis of the etiology of audio-vestibular symp-
toms is a clinical challenge; nevertheless, the use of MRI
in diagnosis has increased the recognition of the under-
lying pathologic conditions. The 3-D CISS sequence pro-
vides a more comprehensive analysis of the CPA, IAC,
root exit zone, and cisternal and intracanalicular seg-
ments of the cranial nerves [17]. Adoption of the role of

a

(@) grade |, (b) grade Il, and (c) grade Il

Fig. 1 Different grades of vascular loops in CISS images of the CPA and the IAC with white arrows pointing to the corresponding vascular loop.
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Fig. 2 Different types of vascular contact in CISS images of the CPA and IAC with white arrows pointing to the vascular loop and the black
arrows pointing to the corresponding 8th cranial nerve. (@) no contact, (b) direct contact, and (c) direct contact with mild angulation

VCS as a causative pathology for hemifacial spasm and
trigeminal neuralgia was widely accepted. Meanwhile, its
causal relationship with the neuro-otologic symptoms as
tinnitus, deafness, or vertigo has been argued.

The exact pathophysiology of VCS is still to be eluci-
dated. On the basis of the concept suggested by Jannetta
et al. [2] which supported the role of neurovascular com-
pression in causing cranial nerve dysfunction, several at-
tempts were conducted to study a relationship between
vascular compression and a number of clinical conditions
[4, 18]. It was proposed that the arterial pulsatile compres-
sion causes mechanical irritation and focal demyelination
which results in the development of these audio-vestibular
symptoms. The other hypothesis is that the neurovascular
compression disturbs the normal blood flow with de-
creased vascular perfusion of the nerve.

The present study was designed to evaluate the associ-
ation of audio-vestibular symptoms with the presence of
vascular loops and vascular contact in CPA and the IAC
using the 3D CISS sequence done by 3 Tesla magnetic
resonance imaging machine. Based on the results of the
current study, it was concluded that no possible role of
the presence of vascular loop in causing tinnitus, SNHL,
or vertigo using 3D-CISS sequence as an assessment
tool. Therefore, the presence of vascular loops in contact
with the 8th cranial nerve is not certainly considered
pathological but possibly to be a normal anatomical co-
incidental finding. Hence, this radiological finding alone
should not be used to qualify patient for further invasive
microvascular decompression surgery and is not sug-
gested to be applied as a sole stratification criterion for
any unnecessary intervention and its relation to cranial
nerve should be cautiously considered.

In attempt to address the neurovascular conflict in-
volving the 8th cranial nerve, and in accordance to our
findings, several studies corroborated our data. Sirikci
et al. reported no relationship between cochleovestibular
symptoms and the type of vascular compression [14].
Furtherly, they suggested that MR modalities could be
the preferred procedure in studying this anatomical rela-
tionship precisely. Similarly, several researches demon-
strated the presence of neurovascular contact in both

symptomatic and asymptomatic groups with no statisti-
cally significant association detected [3, 19, 20]. Addition-
ally, several trials applied microvascular decompression
techniques as an attempt to relief VCS of 8th cranial nerve
and reported that variable percentages of patients did not
improve after the microvascular decompression which
raised the doubt about this clinical radiological relation-
ship [21, 22]. Meanwhile, Bae et al. showed that the AICA
loop anatomic location in the IAC and CPA in the symp-
tomatic and asymptomatic sides of subjects with tinnitus
and controls without tinnitus did not show statistically
significant differences. However, the 8th cranial nerve an-
gulation was significantly higher on the symptomatic sides
of patients with tinnitus than in the other groups [23].
McDermott et al. reported similar results concerning tin-
nitus, where they showed no association between tinnitus
and the presence of vascular loops, though they showed a
relationship between AICA loops and unilateral hearing
loss [16].

Nevertheless, other studies were not in accordance
with the present study findings [10, 24, 25]. These stud-
ies supported the concept of VCS of the 8th CN based
on the symptomatic improvement after microvascular
decompression surgery of 8th CN. Furtherly, they even
recommended early microvascular decompression before
permanent damage of the nerve. Moreover, these studies
showed a correlation between the presence of vascular
loops in the IAC and pulsatile tinnitus and attributed
the tinnitus to direct transmission of arterial pulsations
to the cochlea via a resonance effect in the petrous bone.
However, in a contradictory note, McLaughlin et al.
study that assessed the efficacy of microvascular decom-
pression after 4400 surgeries for various cranial nerves
reported that variable percentages of patients did not
benefit from the intervention [21].

In relative accordance to our study, an interesting
multicenter study was proposed by Di Stadio et al. inves-
tigating the correlation between specific characteristics
of the vascular loop with audio-vestibular symptoms
using MRI scanning of CPA of asymptomatic patients
[26]. In Di Stadio study, the assessed loop metrics were
the depth of loop penetration into IAC, caliber of the
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vessel, position, number, and length of contacts between
vessel and nerve. In accordance with our data, Di Stadio
et al. concluded the absence of correlation between the
presence of vertigo or tinnitus and a single neurovascu-
lar contact, while significantly correlated with an in-
creased number of neurovascular contacts. The results
were explained in the context of the multiplicity of
mechanisms recruited by the vestibular system to main-
tain the balance including the visual and motor system
which can lessen the incidence of these symptoms [27].

Stratification criteria for patients with cochleovestibu-
lar compression syndrome was proposed by De Ridder
et al. who developed diagnostic criteria that are now
widely adopted [28]. These criteria are (1) unilateral par-
oxysmal tinnitus; (2) co-existent ipsilateral symptoms in-
cluding hemifacial spasms, otalgia, vertiginous spells, or
hearing losses at tinnitus frequencies; (3) MRI findings
evidencing vestibular conflict; and (4) abnormal auditory
brainstem responses( ABR) [28]. Thus, clinical evalu-
ation should be considered as more consistent diagnostic
evidences than radiologic imaging of neurovascular com-
pression of the cochlear nerve.

The underlying rationale for selection of 3D CISS over
the conventional MRI is the high gradient amplitude.
High strength magnets are employed to reach the max-
imum intensity within a short period of time [29]. CISS
as a high resolution heavily T2WI 3D sequence with a
very high CSF-tissue contrast provides optimal images
for evaluation of neurovascular relationships allowing
visualization of small vessels and enables the best assess-
ment of an accurate relationship between nerve roots or
their branches and adjacent vessels with a minimal sig-
nal loss due to CSF pulsations. Any desired imaging
plane can be obtained by the multiplanar reconstructive
technique [30].

However, CISS sequence is limited by the long image-
acquisition times [30]. Furtherly, CISS sequences may be
constrained by banding artifact as a result of magnetic
field inhomogeneity causing pseudolesions to appear in
the IAC assessment [31]. The deficiency of contrast be-
tween soft tissues and even between soft tissues and
bone can obscure the lesions on CISS images [32]. CISS
as a T2W sequence although of high diagnostic accur-
acy, can miss small CPA lesions which could be the oc-
cult cause for the patient’s symptoms and requires
contrast-enhanced studies to be detected [33]. A study
proposed by Abele et al. suggested an unenhanced MR
imaging protocol utilizing axial CISS and coronal T2W]I
as a screening protocol to identify small IAC lesions <
10 mm with 100% sensitivity [34].

In an attempt to minimize the bias in our study, we
designed it to include a control group of healthy persons
along with unaffected healthy ears in the patients. The
current study was non-invasive and performed with no
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contrast administration, hence, saving health and finan-
cial burden. Using high strength MRI machine in the
current study offers increased diagnostic sensitivity and
specificity due to its higher SNR which is beneficial in
improved visualization of small anatomical structures at
higher field strengths. The high-field MR imaging (3 T
and higher) has the potential to significantly improve
clinical care in various neurologic disorders. Further
studies recruiting a larger number of patients and con-
trol groups are recommended to confirm our data mak-
ing it possible to apply our results for the general
population.

Conclusion

Using CISS sequence can offer better visualization and
further clarification of the relation between vascular and
neurological structures in CPA and IAC. There is a di-
verse variability in vascular anatomy at CPA and IAC
with nondependent association between location of the
vascular loop and clinical profile. Therefore, the pres-
ence of vascular loops in contact with the 8th cranial
nerve is not always considered pathological but likely to
be a normal anatomical variant. Subsequently, this radio-
logical finding alone should not be used to qualify pa-
tient for further invasive microvascular decompression

surgery.
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