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Is there any relationship between unilateral vestibular
neuritis and internal acoustic canal measurements?
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ABSTRACT
Objectives: In this study, we aimed to compare the internal acoustic canal (IAC) measurements of the affected and unaffected sides
of patients with unilateral vestibular neuritis (VN) on magnetic resonance imaging (MRI).
Patients and Methods: January 2017 and December 2019, a total of 120 patients (65 males, 55 females; mean age 58.3±12.5
years; range, 21 to 83 years) who were diagnosed with VN according to clinical findings, video head impulse test (vHIT), and MRI
findings were enrolled in this study. All measurements were performed on the axial constructive interference in steady state (CISS)
sequences. The IAC inlet, mid-canal, and outlet widths were measured at the most distinctive cross-section of the facial nerve and
superior vestibular nerve bifurcation. While calculating the length of IAC, the points were taken on the basis of where the inlet and
outlet widths of the canal were measured.
Results: According to the vHIT results, a single semicircular canal (SCC) was affected in 102 (85%) patients, while more than one
SCC was affected in 18 (15%) patients. The inlet, mid-canal and outlet values of the affected side were significantly lower than those
of the unaffected side (p<0.05). Regarding the IAC length measurement, there was no significant differences between the affected
and unaffected sides (p>0.05). All of these parameters were slightly higher in males; however, this difference was not statistically
significant (p>0.05).
Conclusion: Our study results showed that the widths of the IAC were lower in the affected side of patients with unilateral VN. These
findings may help to explain why acute VN cases occur only unilaterally, suggesting that a small sectional diameter of the IAC is a
potential risk factor for VN.
Keywords: Internal acoustic canal, magnetic resonance imaging, vestibular neuritis, video head impulse test.

Vestibular neuritis (VN) can be defined as
unilateral loss of function of the vestibular
system, characterized by the acute onset
of vertigo as well as nausea and vomiting.
Auditory symptoms almost do not exist or
complaints such as aural fullness, tinnitus,
and hearing loss may occur rarely in certain
patients, as the cochlear nerve is affected.
Vestibular neuritis affects female and male

equally and reaches its peak approximately
at the age of 40 to 50 years.[1] The clinical
presentation appears as a single attack in
the vast majority of cases; however, benign
recurrent vertigo attacks may occur in less
than 5% of patients.[2,3] Vestibular neuritis is
the second most common cause of peripheral
vertigo following benign paroxysmal positional
vertigo (BPPV).[4]
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Although causes such as reactivation of
neurotropic viruses (i.e., HSV-1) in the vestibular
ganglia (Scarpa), labyrinthitis, and vascular
ischemia are thought to be responsible for
development of VN, the evidence on this issue is
uncertain and the exact etiological cause is not
known.[5-7] Diagnosis of VN can be defined as a
diagnosis of exclusion based on clinical history,
physical examination findings, vestibular tests
and radiological imaging results. Four main
diagnostic criteria have been described: (i) acute
or subacute onset of symptoms; (ii) horizontal
spontaneous nystagmus fast phase of which
beating toward the unaffected ear; (iii) decrease
of bithermal caloric test responses on the affected
side (asymmetry more than 25% between both
sides); and (iv) disruption in the vestibuloocular reflex.[8-10] Contrast-enhanced magnetic
resonance imaging (MRI) must be conducted
to exclude possible retrocochlear pathologies.
Although MRI is normal in the vast majority of
patients with VN, contrast material involvement
can be detected in the vestibular nerve or
labyrinth in some cases.[11]
Certain anatomical differences between
the superior vestibular nerves (SVNs) on the
affected and unaffected sides have been shown
on MRI of patients with VN.[12] In a study
including patients with Bell’s palsy, a disease
having similar pathophysiology as VN, the inlet
and mid-canal diameters of the internal acoustic
canal (IAC) on the affected side were found
to be significantly narrower, compared to the
unaffected side.[13] To the best of our knowledge,
there is no study comparing the measurements
of IAC on MRI scans of patients with VN in the
literature. In this study, therefore, we aimed to
compare the IAC measurements of the affected
and unaffected sides on MRI of patients with
unilateral VN considering all these findings.

PATIENTS AND METHODS

This retrospective study was carried out at
the Otorhinolaryngology and Head & Neck
Surgery clinic of a tertiary referral center
using patient records between January 2017
and December 2019. A written informed
consent was obtained from each patient. The
study protocol was approved by the Ethics
Committee of Derince Training and Research
©2020 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

Hospital (No. 2020-43). The study was
conducted in accordance with the principles of
the Declaration of Helsinki.
Archive records of 145 patients diagnosed
with unilateral VN based on clinical findings,
video head impulse test (vHIT), and contrastenhanced MRI results were screened. External
auditory canals and eardrums of all patients
were normal and there were no pathological
findings in their neurological examinations.
Patients with previous VN attack, labyrinthitis,
sudden hearing loss, facial paralysis, chronic
otitis media with or without cholesteatoma,
hearing loss (conductive, sensorineural or mixed
type), ear surgery, head trauma, neurological
diseases, vertebrobasilar insufficiency, history
of cancer and/or patients with congenital
ear anomalies were excluded from the study.
Patients having vestibular system disorders in
their medical history such as BPPV, vestibular
migraine, autoimmune inner ear disease, and
Meniere's disease were also excluded. Finally, a
total of 120 patients (65 males, 55 females; mean
age 58.3±12.5 years; range, 21 to 83 years) were
included in the study.
Measurement technique
The 1.5 Tesla Siemens Sonata™ device
(Siemens AG, Munich, Germany) and an
eight-channel head coil were utilized for MRI.
Routine temporal MRI images consists of
T1- and T2-weighted fluid attenuated inversion
recovery (FLAIR) and constructive interference
in steady state (CISS) sequences in axial plan and
T1-weighted sequences in post-contrast axial
and coronal plan in our hospital. Gadolinium
(0.2 mL/kg) was employed as the contrast agent.
It was confirmed that there was no IAC or
cerebellopontine angle pathology through a
meticulous evaluation of all sections before
proceeding to measurements. Axial plan images
in the CISS sequence were utilized for all
measurements.
The widest diameters of the inlet, midcanal, and outlet of IAC were measured in
the axial section where the facial nerve and
SVN bifurcation were best distinguished. The
length of IAC was calculated as the distance
between two points where the inlet and outlet
diameters of the canal were measured (Figure 1).
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Table 1. Distribution of the affected semicircular canals

Figure 1. An axial constructive interference in steady state
sequence of magnetic resonance imaging showing
internal acoustic channel measurements.

All measurements were recorded separately for
the side affected by the disease (experimental
group) and the healthy side (internal control
group). All evaluations were conducted by two
experienced Ear, Nose and Throat Diseases
specialists simultaneously.
Statistical analysis
Statistical analysis was performed using
the GraphPad Prism for Windows version
8.2.0 software (GraphPad Software, CA, USA).
Descriptive data were expressed in mean ±
standard deviation (SD), median (min-max) or
number and frequency. Independent sample
t-test was carried out to analyze significant
differences between the groups. The Pearson and
Spearman correlation analyses were performed
to examine possible correlations between the
categorical variables. A p value of <0.05 was
considered statistically significant.

RESULTS

The chief complaint was sudden and acute
onset of vertigo in all patients. Clinical and
laboratory findings of VN were detected in
67 (55.8%) patients on the right side and in
53 (44.2%) patients on the left side. One single
semicircular canal (SSC) was affected in 102
(85%) patients and more than one SSC was
affected in 18 (15%) patients according to vHIT
results. When the total number of affected SSC
was analyzed, involvement of lateral SSC in 104
©2020 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

Affected semicircular canals

n

%

Lateral
Side
Right
Left

86

71.6

48
38

Posterior
Side
Right
Left

14

Superior
Side
Right
Left

2

Lateral + posterior
Side
Right
Left

14

Lateral + superior
Side
Right
Left

4

Total

11.7

8
6
1.7

2
0
11.7

7
7
3.3

2
2
120

100

(75.4%) patients was detected, while posterior
SSC involvement was detected in 28 (20.3%)
patients and superior SSC involvement was
detected in six patients (4.3%) (Table 1).
The IAC measurements of both sides (affected
and unaffected) are summarized in Table 2. The
inlet, mid-canal and outlet diameters of the IAC
in affected side were significantly narrower,
compared to the unaffected side (p<0.05). No
significant difference was found between the
groups in terms of the length of IAC (p>0.05).
According to sex, the measurements in males
were higher than the measurements in females;
however, this difference was not statistically
significant (p>0.05). No significant difference
was detected in the correlation analysis between
the asymmetry ratio (between the affected and
unaffected sides) and the length and diameter
of the inlet, mid-canal and outlet of the IAC on
the affected side according to the vHIT results
(p>0.05).
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Table 2. IAC measurements of affected and unaffected sides
Affected side

Unaffected side

Mean±SD

Min-Max

Mean±SD

Min-Max

t

p*

IAC inlet

49.3±5.7

37-64

51.7±5.9

40-66

-3.21

0.001

IAC mid-canal

40.0±4.8

30-55

41.9±4.9

32-55

-2.93

0.003

IAC outlet

30.4±3.7

23-44

32.3±3.6

25-44

-3.97

0.000

IAC length

79.6±5.7

69-99

81.3±5.6

69-94

-2.29

0.226

Measurement

IAC: Internal acoustic canal; SD: Standard deviation; Min: Minimum; Max: Maximum; * Independent samples t-test.

DISCUSSION

The vestibular nerve has three branches: the
SVN (superior and lateral semicircular canal
and utricle), the inferior vestibular nerve (IVN,
saccule) and the singular nerve (posterior
semicircular canal). The SVN is affected in nearly
85% of VN cases, irrespective of etiological
factors, while the IVN is affected in remaining
15% of VN cases.[14] We found that the SVN
(104/120, 86.7%) was affected in the vast majority
of the cases in our study which is consistent
with the literature. Furthermore, both SVN
and IVN involvements existed in 14 (11.7%)
patients according to our vHIT results. In their
study including VN patients, Taylor et al.[15]
used cervical/ocular vestibular evoked myogenic
potentials (VEMP) and vHIT and reported that
both SVN and IVN were affected in 55.8% of
patients (24/43). Caloric test, vHIT, and VEMP
results of 43 VN patients were analyzed by Lv et
al.[16] in another study. The authors reported that
both vestibular nerves were affected in 51.2% of
patients. The cervical VEMP evaluate the IVN,
which carries the stimuli originating from the
posterior SSC and saccule (more).[17] The reason
why the rate of IVN involvement was lower in
our study compared to the literature may be
associated with the use of only vHIT in our study
and, accordingly, detection of IVN involvement
less than it actually is.

damage, as a natural result of this anatomical
difference. This can partly explain why the SVN
is more frequently affected in VN cases, although
it fails to explain why VN occurs unilaterally or
why it specifically affects that side.

It has been shown in temporal bone dissection
studies that SVN canal is longer and contain
more bony spicules compared to the canals of
the IVN and the singular nerve.[18,19] Moreover,
the arterial blood supply of SVN and its related
neuroepithelial tissue have similar limitations.[19]
The SVN is more prone to edema and ischemia
secondary to inflammation, as well as nerve

In their study, Fundakowski et al.[12] compared
SVN and IVN of 68 patients diagnosed with
unilateral VN in parasagittal MRI sections in
terms of height, width, and area parameters.
The authors reported that the height and area
parameters of the SVN on the affected side were
significantly smaller compared to the unaffected
side. No significant differences were observed
in terms of any parameters between the IVNs
of the affected and unaffected sides in this
study. Diameters of the inlet, mid-canal, and
outlet of the IAC and the length of the IAC
were measured in the affected and unaffected
sides in our study, since the resolution of the
parasagittal MRI sections was not sufficient
in some cases and SVN and IVN could not be
clearly demonstrated in each case. We found
that the diameters of the inlet, mid-canal, and
outlet of the IAC on the affected side were
significantly smaller, compared to the unaffected
side. Our results are consistent with previous
studies in terms of the sizes of IAC.[13,20] Yilmaz
et al.[13] also reported that the inlet and mid-canal
diameters of the IAC were significantly narrower
in the affected side in patients with Bell’s palsy,
which is similar to our results. Although viral
reactivation or inflammatory processes affect
IAC in both sides, neural structures in IAC,
which are cross-sectionally larger, would have
more space to expand. On the contrary, neural
structures in IAC, cross-sectional diameter of
which are narrower, would get stuck inside the
canal and their blood flow would be impaired, in

©2020 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.
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to explain why VN emerges unilaterally.

45

1. Bartual-Pastor J. Vestibular neuritis: etiopathogenesis.
Rev Laryngol Otol Rhinol (Bord) 2005;126:279-81.
2. Moretti G, Manzoni GC, Caffarra P, Parma M. "Benign
recurrent vertigo" and its connection with migraine.
Headache 1980;20:344-6.
3. Oh AK, Lee H, Jen JC, Corona S, Jacobson KM, Baloh
RW. Familial benign recurrent vertigo. Am J Med
Genet 2001;100:287-91.
4. Strupp M, Brandt T. Peripheral vestibular disorders.
Curr Opin Neurol 2013;26:81-9.
5. Arbusow V, Schulz P, Strupp M, Dieterich M, von
Reinhardstoettner A, Rauch E, et al. Distribution of
herpes simplex virus type 1 in human geniculate and
vestibular ganglia: implications for vestibular neuritis.
Ann Neurol 1999;46:416-9.

6. Aw ST, Fetter M, Cremer PD, Karlberg M, Halmagyi
GM. Individual semicircular canal function in
superior and inferior vestibular neuritis. Neurology
2001;57:768-74.
7. Karlberg M, Annertz M, Magnusson M. Acute
vestibular neuritis visualized by 3-T magnetic
resonance imaging with high-dose gadolinium. Arch
Otolaryngol Head Neck Surg 2004;130:229-32.
8. Silvoniemi P. Vestibular neuronitis. An otoneurological
evaluation. Acta Otolaryngol Suppl 1988;453:1-72.
9. Strupp M, Arbusow V, Maag KP, Gall C, Brandt T.
Vestibular exercises improve central vestibulospinal
compensation after vestibular neuritis. Neurology
1998;51:838-44.
10. Strupp M, Zingler VC, Arbusow V, Niklas D, Maag KP,
Dieterich M, et al. Methylprednisolone, valacyclovir,
or the combination for vestibular neuritis. N Engl J
Med 2004;351:354-61.
11. Hasuike K, Sekitani T, Imate Y. Enhanced MRI in
patients with vestibular neuronitis. Acta Otolaryngol
Suppl 1995;519:272-4.
12. Fundakowski CE, Anderson J, Angeli S. Cross-sectional
vestibular nerve analysis in vestibular neuritis. Ann
Otol Rhinol Laryngol 2012;121:466-70.
13. Yilmaz HB, Safak Yalcin K, Çakan D, Paksoy M,
Erdogan BA, Sanli A. Is There a Relationship Between
Bell’s Palsy and Internal Auditory Canal? Indian J
Otolaryngol Head Neck Surg 2015;67:319-23.
14. Kim JS, Kim HJ. Inferior vestibular neuritis. J Neurol
2012;259:1553-60.
15. Taylor RL, McGarvie LA, Reid N, Young AS, Halmagyi
GM, Welgampola MS. Vestibular neuritis affects both
superior and inferior vestibular nerves. Neurology
2016;87:1704-12.
16. Lv YF, Zhang DG, Fan ZM, Li YW, Xu JL, Liu XF,
et al. Frequency and position characteristics of the
vestibular dysfunction in vestibular neuritis patients.
Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi
2016;30:602-5.
17. Lin CM, Young YH. Identifying the affected branches
of vestibular nerve in vestibular neuritis. Acta
Otolaryngol 2011;131:921-8.
18. Gianoli G, Goebel J, Mowry S, Poomipannit P.
Anatomic differences in the lateral vestibular nerve
channels and their implications in vestibular neuritis.
Otol Neurotol 2005;26:489-94.
19. Goebel JA, O'Mara W, Gianoli G. Anatomic
considerations in vestibular neuritis. Otol Neurotol
2001;22:512-8.
20. Kumral TL, Yıldırım G, Yılmaz HB, Ulusoy S, Berkiten
G, Onol SD, et al. Is it necessary to do temporal bone
computed tomography of the internal auditory canal in
tinnitus with normal hearing? ScientificWorldJournal
2013;2013:689087.

©2020 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

Open Access

Nonetheless, this study has some limitations
including its retrospective nature, lack of a
control group consisting of healthy volunteers,
and utilization of IAC measures in lieu of SVN or
IVN measures. Further large-scale, randomizedcontrolled trials are required to reveal the
relationship between VN and IAC and explain
why the disease is unilateral.
In conclusion, our study results showed that
the diameters of the inlet, mid-canal, and outlet
of the IAC on the affected side in the unilateral
VN cases were significantly smaller than the
unaffected side in our study, although there was
no significant difference in the length between
the two sides. These findings may help to explain
why acute VN cases occur only unilaterally.
Based on these results, it can be speculated that a
small sectional diameter of the IAC is a potential
risk factor for VN.
Declaration of conflicting interests

The authors declared no conflicts of interest with
respect to the authorship and/or publication of this
article.
Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

