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Imaging Features Differentiating Vestibular Ganglion from Intracanalicular
Schwannoma on Single-Sequence Non-Contrast Magnetic Resonance Imaging Study
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Abstract

Introduction: This study aimed to identify imaging features on single-sequence non-
contrast magnetic resonance imaging (MRI) that differentiate the vestibular ganglion
from small intracanalicular schwannomas. Materials and Methods: Ninety patients (42
men and 48 women; age: 2487 years old) with 102 internal auditory canal (IAC) nodules
(59 vestibular ganglia and 43 intracanalicular schwannoma) who underwent both single-
sequence T2-weighted (T2W) non-contrast enhanced MRI studies and contrast-enhanced
T1-weighted (T1W) MRI studies between May 2012 and April 2017 were evaluated. The
length, width, distance to the IAC fundus and length/width ratios for all lesions were
obtained and compared among groups. Diagnostic performance and cutoff values of the
parameters were evaluated with receiver operating characteristics curve analysis. Area
under the curve (AUC) value was calculated. Results: Vestibular ganglia have significantly
smaller lengths and widths compared to intracanalicular vestibular schwannomas (1.7+0.4
mm and 1.0 £ 0.2 mm versus 5.6 = 3.0 mm and 3.7 £+ 1.5 mm). They are more fusiform in
shape compared to vestibular schwannomas (length/width ratio: 1.8+ 0.4 versus 1.5+ 0.4).
The lesion width demonstrated the highest diagnostic performance (AUC: 0.998). Using
a cutoff width of <1.3 mm, the sensitivity, specificity and overall accuracy for diagnosing
vestibular ganglia were 97% (57/59), 100% (43/43) and 98% (100/102), respectively.
Conclusion: Vestibular ganglia may mimic intracanalicular vestibular schwannomas on
a single-sequence T2W MRI. However, a fusiform shape and width <1.3 mm increases
confidencein the diagnosis of ganglia. Identifying the vestibular ganglion on single-sequence
T2W MRI studies may obviate the need for a contrast-enhanced MRI, reducing the risks
of contrast administration, additional scanning time and cost.
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Introduction

The gold standard for diagnosis of acoustic neuroma
(schwannoma) in patients of unilateral hearing loss is
contrast-enhanced magnetic resonance imaging (MRI).!?
However, limited non-contrast MRI using a single-sequence
high resolution T2-weighted (T2W) sequence has been
proposed as a cost-effective screening tool to evaluate
unilateral sensorineural hearing loss.>* Due to improvements
in software and hardware with improved spatial resolution,
internal auditory canal (IAC) vestibular schwannomas as
small as 2 mm can now be detected by MRI.>3

In our practice, patients presenting with unilateral or

bilateral sensorineural hearing loss are screened with
non-contrast enhanced single-sequence MRI (utilising a

single high-resolution T2W sequence) to exclude a mass
in the IAC and cerebellopontine angle which may need to
be addressed clinically—most commonly due to vestibular
schwannomas. This is performed after patients have
been assessed clinically to exclude other possible causes
of sensorineural hearing loss such as labyrinthitis and
Meniere’s disease. If any nodularity or mass is detected, a
subsequent contrast-enhanced MRI (“full MRI”) utilising
notonly the high-resolution T2W sequence, but also pre- and
postcontrast T1-weighted (T1W) sequences is performed.

However, as a result of the increased resolution alluded
to above, small subcentimetre nodules along the vestibular
nerve are often detected by single-sequence non-contrast
enhanced MRI examination. This includes normal structures
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such as Scarpa’s ganglion in the vestibular nerve, which
can be seen on high quality MRI as subtle thickening
or nodularity.® Accurate differentiation of the vestibular
ganglion from small subcentimetre intracanalicular
vestibular schwannomas can be difficult. Although definite
diagnosis can be achieved by a subsequent contrast-
enhanced MRI study—where vestibular ganglia show no
enhancement as opposed to small vestibular schwannomas
inthe postcontrast T1W sequence’™—performing additional
contrast-enhanced TIW MRI study requires additional
scanning time and cost, as well as exposing the patient to
potential risk of intravenous gadolinium administration.®

This study aimed to identify imaging features on a
single-sequence non-contrast MRI study that can be used to
confidently differentiate the vestibular ganglion from small
intracanalicular schwannoma. This may help to reduce the
total number of contrast-enhanced T1W MRI studies which
are needed to differentiate between vestibular ganglia from
small vestibular schwannomas.

Materials and Methods
Patients

Approval from the institutional review board was obtained
forthisretrospective study, and the requirement for informed
consent was waived. From May 2012 to April 2017, there
were 169 patients found to have IAC nodules/mass from
single-sequence non-contrast enhanced MRI study, who
subsequently underwent contrast-enhanced T1W MRI
sequence. A total of 183 IAC nodules/lesions were found
in the single-sequence non-contrast MRI study initially.
After evaluation with contrast-enhanced TIW MRI, IAC
lesions that were artefacts (n = 13), vascular loops (n = 6)
and lipoma (n = 1) were excluded. IAC lesions that could
be identified in the facial (n = 1) or cochlear nerve (n=7)
were also excluded. Vestibular schwannomas that could be
unequivocally diagnosed based on non-contrast T2ZW MRI
sequence without confusion with vestibular ganglion were
excluded as well. These included lesions that extended into
the vestibule (n = 3) or cerebellopontine angle (n = 50).

Atotal of 90 patients (42 men and 48 women; age: 24—87
years old; mean age: 61 years old; median age: 63 years
old) with 102 TAC nodules (59 vestibular ganglia and 43
intracanalicular schwannomas) were evaluated in this study.

Imaging Protocols

All single-sequence non-contrast MRI studies (n = 90)
were performed with 1.5T (n=58, Signa HDxt, GE Medical
System, Milwaukee, United States; n = 8, Ingenia, Philips,
Amsterdam, The Netherlands) or 3T (n= 24, Trio, Siemens
Healthcare, Erlangen, Germany) scanner. External phase
array head coils were used for all MRIstudies (8 channels for
GE; 15 channels for Philips; 12 channels for Siemens). Axial

T2W MRI sequences were acquired for all patients. These
are 3-dimensional isotropic/isovoxel sequences that allowed
multiplanar reconstruction to be performed. Imaging
parameters for the single-sequence T2W examination
on the 1.5T and 3T systems are summarised in Table 1.
Postcontrast-enhanced axial TIW MRI sequence was
available for all patients as a gold standard to differentiate
the vestibular ganglion from schwannoma. With respect to
contrast medium, a total of 10 mL of Dotarem or 5 mL of
Gadovist was administered via hand injection intravenously
prior to acquiring the contrast-enhanced images. Images
were acquired using the same head coils that were used for
axial T2W sequences.

Imaging Interpretation and Reference Standard

The MRI images were reviewed retrospectively by 2
radiologists (both specialised in head and neck imaging with
>20 years of experience). IAC lesions that demonstrated
enhancement in the postcontrast-enhanced T1W sequence
were diagnosed as intracanalicular vestibular schwannomas,
while nodules that did not enhance were considered as
vestibular ganglia (Figs. 1 and 2). Any discrepancy between
the 2 radiologists was settled by consensus.

All measurements were performed on the axial plane of
the T2ZW MRI sequence, where the lesion had the largest
diameter. The following parameters of the IAC lesion were
measured: length (diameter along the axis of the vestibular
nerve), width (diameter perpendicular to the axis of the
vestibular nerve) and the distance of the lesion from the
fundus of the IAC (distance between the distal margin of
the lesion and the fundus) (Fig. 3). Ratios of the length/
width were calculated accordingly for all lesions.

Statistical Analysis

Chi-square test was used to evaluate whether gender,
presence of hearing loss and bilaterality were associated
with vestibular ganglion or schwannoma. For comparison
of patient’s age, lesion size, length/width ratio and distance
between the lesion and IAC fundus, the student’s t-test
was used. For the length, width and ratio of length/width,
areceiver operating characteristics (ROC) curve was done
and the area under the curve (AUC) was calculated. As the
role of single-sequence non-contrast enhanced MRI is to
exclude as many vestibular schwannomas as possible, the
cutoff values of all the parameters were determined first
by the highest specificity to diagnose ganglion. If several
cutoff values have the same specificity, the one with the
highest sensitivity was chosen. Sensitivity, specificity,
positive predictive value and negative predictive value of
each imaging parameter at set cutoff value were calculated.

Statistical analysis was performed using IBM SPSS
Statistics 22.0 software. A Pvalue of<0.05 was considered
statistically significant.
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Table 1. Imaging Parameters of Single-Sequence T2-Weighted Examination
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System Repetition Echo Time Slice Thickness Matrix Voxel Size Field of View  Flip Angle (°) Number of
Time (ms) (ms) (mm) (mm) (cm) Excitations

1.5T GE 5.9 2.6-122 0.8 256 x 256 0.35 18 65 3

(FIESTA)

1.5T Philips 1500 125 0.8 248 x 247 0.41 16 90 1

(DRIVE)

3T Siemens 1000 135 0.5 380 x 384 0.26 20 120 1.6

(SPACE)

DRIVE: Driven equilibrium; FIESTA: Fast Imaging Employing Steady-State Acquisition; SPACE: Sampling Perfection with Application Optimised

Contrasts Using Different Flip Angle Evolution

Fig. 1. Vestibular ganglion in a patient with left sensorineural hearing loss. Axial T2-weighted magnetic resonance image (MRI) of the internal auditory canal (A) showed a
small fusiform lesion along the left superior vestibular nerve. Subsequent contrast-enhanced MRI in T1-weighted sequence (B) showed no enhancement in the left internal

auditory canal that confirmed the diagnosis of vestibular ganglion.

Fig. 2. Intracanalicular schwannoma in a patient with left sensorineural hearing loss. Axial T2-weighted magnetic resonance image (MRI) of the internal auditory canal
(A) showed a small rounded lesion along the left inferior vestibular nerve. Diagnosis of intracanalicular schwannoma was made in the subsequent contrast-enhanced MRI

in T1-weighted sequence as the lesion demonstrated enhancement (B).

Results
Patient and IAC Lesion Characteristics

Actotal of 90 patients (48 in the vestibular ganglion group;
43 inintracanalicular schwannoma group; 1 in both groups)
were included in this study. The demographic and clinical
data of the 2 groups are summarised in Table 2.

The side of nodules did not show significant difference (P
=(.7) among vestibular ganglion (left/rightratio: 35/24) and
intracanalicular schwannoma (left/rightratio: 24/19) groups.
The location of the vestibular ganglion was detected in the
inferior division of the vestibular nerve (76%,45/59) and in
the superior division of the vestibular nerve (24%, 14/59).
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Similarly, 21% (9/43) of the intracanalicular schwannomas
was seen in the inferior division of the vestibular nerve and
14% (6/43) was detected in the superior division of the
vestibular nerve. The location of the other intracanalicular
schwannomas (65%, 28/43) was undetermined due to large
size. The percentage of vestibular schwannoma observed
on the side of the presenting symptom was 88% (38/43),
while 58% (34/59) was found for vestibular ganglion (P =
0.001). In the group of patients with ganglia, 23% (11/48)
presented with bilateral vestibular ganglia. There was no
significant size difference between bilateral vestibular
ganglia and all of them were located in the same nerve.
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Fig. 3. Measurements of vestibular ganglion and intracanalicular schwannoma.
Axial T2-weighted images showed vestibular ganglion (A) and intracanalicular
vestibular schwannoma (B). The length (<), width (1) and distance to the
fundus of the internal auditory canal (<>) of the ganglion measured 3.0 mm, 0.7
mm and 2.4 mm, respectively (A). The ratio of the length and width of the ganglion
is4.3. Similarly, the length, width and distance to the fundus of the intracanalicular
schwannoma measured 2.0 mm, 1.7 mm and 2.2 mm, respectively (B). The ratio
of the length and width of the schwannoma is 1.2.

Table 2. Demographic and Clinical Data

Variable Patients With Patients With P

Ganglion Schwannoma Value
n =48 n=43

Age in years 58.6 +15.1 63.3+9.9 0.086

(mean + SD)

Gender (male/ 20/28 23/20 0.26

female ratio)

Hearing loss as 75 (36/48) 88 (38/43) 0.1

indication (%)

Patients with 23 (11/48) 0(0/43) <0.001

bilateral ganglia
or bilateral
schwannomas (%)

SD: Standard deviation

Imaging Features

The statistical significance of imaging features that
differentiate vestibular ganglion and intracanalicular
schwannoma is summarised in Table 3.

Cutoff Values of Imaging Features and Diagnostic
Performance

The ROC curves of length, width and ratio are presented
in Figures 4 and 5. The AUC values for length, width and
ratio were 0.974, 0.998 and 0.766, respectively.

The cutoff values of length, width and ratio for diagnosing
vestibular ganglion were set at <1.9 mm, <1.3 mm and
>2.3, respectively. By applying the cutoff value of length
<1.9 mm, the sensitivity, specificity and overall accuracy
of diagnosing vestibular ganglion were 66% (39/59), 100%
(43/43) and 80% (82/102), respectively. By applying the
cutoff value of width <1.3 mm, the sensitivity, specificity

Table 3. Imaging Features of Ganglion and Schwannoma

Variable Ganglion” Schwannoma® P
Mean + SD Mean += SD Value
Length (mm) 1.7+0.4 5.6+3.0 <0.001
Width (mm) 1.0£0.2 37+1.5 <0.001
Length/width 1.8+0.4 1.5+04 <0.001
ratio
Distance from 22+0.7 20+1.4 0.23
fundus (mm)
SD: Standard deviation
"n=159.
n=43.
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Fig. 4. Receiver operating characteristics curve of length and width in diagnosing
vestibular ganglion.
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Fig. 5. Receiver operating characteristics curve of length/width ratio in diagnosing
vestibular ganglion.
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and overall accuracy of diagnosing vestibular ganglion
were 97% (57/59), 100% (43/43) and 98% (100/102),
respectively. By applying the cutoff value of ratio >2.3, the
sensitivity, specificity and overall accuracy of diagnosing
vestibular ganglion were 8% (5/59), 98% (43/43) and
49% (50/102), respectively. The diagnostic performance
of these parameters for diagnosing vestibular ganglion is
summarised in Table 4.

By applying the cutoff value of width <1.3 mm to
diagnose ganglion, 2 vestibular ganglia were classified
as schwannomas due to their larger size (1.3 mm and 1.6
mm). Similarly, these 2 nodules would be falsely classified
as schwannoma if the cutoff values of length (<1.9 mm)
and ratio (>2.3) are used (as the lengths of these 2 nodules
were 2.1 mm and 2.5 mm, respectively, and length/width
ratio of both nodules was 1.6). The side of the patient’s
symptoms corresponded to the side of these 2 vestibular
ganglia. One ganglion had similar nodule of smaller size
on the contralateral side.

Discussion

Thevestibulocochlear nerve (cranial nerve VIII) traverses
the IAC and cerebellopontine angle (Fig. 1), extending
from the cochlea and vestibule to the brainstem. The nerve
comprises the superior and vestibular nerves, whichreceive
afferents from the vestibule and semicircular canals; and
the cochlear nerve, which receives afferents from the
cochlea itself.

The vestibular ganglion, also known as Scarpa’s
ganglion, is the focal enlargement of the vestibular nerve
within the IAC that contains cell bodies of the bipolar
primary neurons.”!’ These are occasionally demonstrated
on high resolution T2ZW MRI sequence, mimicking small
schwannomas. Accurate imaging diagnosis to differentiate
vestibular ganglion and small schwannoma is therefore
essential as microsurgery and stereotactic radiation can
be used to treat symptomatic patients with intracanalicular
schwannoma.'""?

This study sought to identify imaging features in single-
sequence non-contrast MRI T2W studies that can be

Table 4. Diagnostic Performance for Ganglion
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reliably used to differentiate the vestibular ganglion from
intracanalicular vestibular schwannoma, so as to reduce
the number of patients having further follow-up contrast-
enhanced T1W MRI studies. While the contrast-enhanced
MRI is the gold standard, the rationale for performing a
single-sequence study is multifold. Firstly, patients would
have already been assessed for other causes of sensorineural
hearing loss by the otolaryngologist; many of these causes
are clinically apparent (e.g. labyrinthitis, Meniere’s disease).
Secondly, with the increasing emphasis on maintaining
reasonable healthcare costs and the efficient utilisation
of imaging resources, a single-sequence examination
that can detect the presence of a mass in the IAC and/
or cerebellopontine angle is a more cost-efficient use of
imaging technology. This is relevant both in terms of
time expended (approximately 4-5 minutes for a single-
sequence examination versus approximately 30 minutes
for a contrast-enhanced examination) and actual costs
(approximately $180 and $390 for subsidised and paying
patients, respectively, for the single-sequence examination;
and $570and $1220, respectively, for the full examination).
Also, given the low incidence of vestibular schwannomas
(approximately 4%),*subjecting patients to a full contrast-
enhanced examination to identify a small number of
schwannomas leads to unnecessary costs.

In our study, most of the vestibular ganglia presented as
tiny nodules (<3 mm for both length and width) along the
vestibular nerve with fusiform shape along the axis of the
nerve (average length to width ratio: 1.8). The location
of the ganglion was most commonly seen in the inferior
division of the vestibular nerve (76%) and approximately
2 mm from the fundus of the IAC. These morphological
features observed in the single-sequence non-contrast
MRI are compatible with findings in anatomical study.’
To our knowledge, this is the first study that attempted
differentiation of intracanalicular schwannomas from
vestibular ganglia. We also looked at imaging features of
a vestibular ganglion.

Vestibular schwannoma most commonly originates from
the vestibular ganglion in the distal vestibular nerve.!

Variable Sensitivity 95% CI Specificity 95% CI PPV (%) 95% CI NPV (%) 95% CI Accuracy
(%) (%) (%)

Length 66 (39/59) 53-78 100 (43/43) 90 -100 100 (39/39) 89— 100 68 (43/64) 55-179 80 (82/102)

(<1.9 mm)

Width 97 (57/59) 87 —99 100 (43/43) 90 -100 100 (57/57) 92 -100 96 (43/45) 84 -99 98 (100/102)

(<1.3 mm)

Ratio of length/ 8 (5/59) 3-19 98 (42/43) 86 -100 89 (8/9) 36-99 45 (42/93) 34-54 49 (50/102)

width (>2.3)

CI: Confidence interval; NPV: Negative predictive value; PPV: Positive predictive value
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Therefore, small intracanalicular vestibular schwannomas
may share similar imaging findings with vestibular ganglia.
In this study, we found that both vestibular ganglia and
schwannomas are more commonly detected in the inferior
division of the vestibular nerves and usually 2 mm away
from the IAC fundus. However, the size and shape were
the imaging features that were helpful to differentiate
one from the other. In our study, the vestibular ganglion
was significantly smaller in size (compared to vestibular
schwannoma) and more fusiform in shape (average length
to width radio: 1.8) compared to schwannoma that is
more spherical in shape (average length to width ratio:
1.5). In this study, using a width <1.3 mm as a cutoff to
diagnose vestibular ganglion can reliably exclude all the
intracanalicular vestibular schwannomas and 57 out of 59
vestibular ganglia were accurately diagnosed based on
single-sequence non-contrast MRI. If this cutoff value is
used, 51% (46/90) of contrast-enhanced T1W MRI studies
in our study population could have been avoided. This
is particularly helpful to reduce the number of contrast-
enhanced T1W MRI examinations that require additional
scanning time and cost.

In our study, 23% of patients with vestibular ganglia
presented with symmetrical bilateral IAC nodules of
similar imaging features. We found that length and width
difference between bilateral ganglia of these patients was
<1 mm and the difference of distance from the nodule to
IAC fundus ranged from 0.2 —1.3 mm. On the other hand,
none of the patients in the schwannoma group presented with
bilateral intracanalicular schwannomas. Bilateral vestibular
schwannomas are extremely rare and the entity is known to
be associated with neurofibromatosis type 2 (NF2) which has
an incidence of 1 in 25,000—1 in 40,000.'* Elderly patients
may develop incidental bilateral vestibular schwannomas
with even lower incidence (1in2,000,000).*In the absence
ofknown NF2, small bilateral symmetrical IAC nodules can
be considered as a useful feature to differentiate vestibular
ganglion from intracanalicular vestibular schwannoma.

The percentage of vestibular schwannoma that
corresponded to the side of symptom (88%) was significantly
higher compared to vestibular ganglion (58%) in this study.
However, correspondence to the side of symptom alone
cannotreliably distinguish one from the other. Interestingly,
there were few intracanalicular schwannomas (12%, 5/43)
in this study that were detected on the contralateral side
of presenting symptom. These schwannomas were small
in size (length of lesion ranging from 2—5 mm) and were
most likely incidental findings.

Our study has a few limitations. First, pathological
diagnosis of vestibular schwannoma was only available for
a small number of cases. Most of the diagnoses were made
based on the “gold standard” of contrast-enhanced T1W

MRI. However, this is reflective of current clinical practice,
where only lesions that cause significant symptoms warrant
surgery and histological diagnosis. Second, selection bias
was one of the potential limitations for this retrospective
study, as vestibular ganglia that underwent both single-
sequence non-contrast MRI and contrast-enhanced TIW
MRI are likely larger nodules. However, the result of the
study is unlikely to be affected if smaller nodules are also
included. Third, different scanners and imaging protocols
with different spatial resolution were used in this study.
Nevertheless, heterogeneity of these factors reflects the
nature of routine practice.

Conclusion

Bilateral symmetrical IAC nodules found in the single-
sequence non-contrast MRI that are fusiform in shape
(average length to width ratio: 1.8) and small in size
(width <1.3 mm) are likely to be vestibular ganglia rather
than vestibular schwannomas. Key differences between
vestibular ganglion and intracanalicular schwannoma on
single-sequence non-contrast MRI are summarised in Table
5. Furthermore, using a width cutoff of <1.3 mm of the IAC
nodule further increases confidence in diagnosing vestibular
ganglion. However, we recognise that although, there were
no intracanalicular schwannomas <1.3 mm of width in our
study, this remains a possibility. We propose that fusiform
IAC nodules seen approximately 2 mm from the fundus
with width <1.3 mm on single-sequence non-contrast MRI
should be diagnosed as ganglion without further need for
assessment by contrast-enhanced T1W MRI (unless there
is further deterioration of symptom on the ipsilateral side
on clinical follow-up). This will help to reduce risks of
contrast administration, additional scanning time and cost.

Table 5. Key Differences Between Vestibular Ganglion and
Intracanalicular Schwannoma

Variable Size Shape Distribution
Ganglion Smaller in size Fusiform Commonly
(width <1.3 distributed in
mm) bilateral IACs
Schwannoma Larger in size Rounded Uncommon,
unless the
patient is
known to have
NF2

IAC: Internal auditory canal; NF2: Neurofibromatosis type 2
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