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Introduction

Objective It is difficult to predict how hearing loss will progress with vestibu-
lar schwannomas (VSs) and to determine the optimal time for hearing preservation
interventions. This study investigated the relationship between cochlear intensity on
T2-weighted magnetic resonance imaging and hearing loss in VS patients over time.
Design Retrospective cohort study.

Setting Single major academic center.

Participants Patients with a diagnosis of VS from 2007 to 2018.

Main Outcome Measures Pure tone average (PTA) and cochlear-to-pontine relative
signal intensity (RSI) measured at two time points.

Results Fifty patients were included in the final analysis. For both affected and unaf-
fected ears, the trend in PTA increased from baseline to follow-up. For affected ears,
the trend in RSl increased from baseline to follow-up, while for the unaffected ears RSI
decreased. There was a significant positive correlation between the initial RSI value in
the ipsilateral ear when compared with the change in PTA from baseline to follow-up
(r=0.28, p=0.048).

Conclusion There is a trend between initial RSI and how hearing changes in the
affected ears of patients with VS. Additional studies are needed to explore how this
relationship may be better used to predict hearing loss.

increasing proportion of these tumors being found inciden-
tally in patients with minimal or no symptoms.?

Vestibular schwannomas (VSs) are benign tumors that typi-
cally develop from the eighth cranial nerve. Patients typically
present with symptoms including hearing loss, tinnitus, diz-
ziness, and vertigo.! Magnetic resonance imaging (MRI) is the
preferred imaging modality for diagnosis and screening after
presentation of hearing loss. Changing patterns for imaging
referrals and advances in MRI technology have resulted in an
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The management of larger tumors typically involves sur-
gical excision or stereotactic radiosurgery, while smaller
tumors, especially in asymptomatic patients, may be man-
aged conservatively with observation and serial MRIs.> The
goal of observation is to avoid treatment until there is tumor
growth and/or symptom progression.
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A challenge for clinicians implementing this type of con-
servative management is the difficulty predicting when
hearing loss will progress and when is the optimal time for
intervention.* While numerous associations have been made
regarding tumor characteristics and imaging, there is to date
no single best predictor for determining a patient’s audio-
logic outcomes.

This study intended to find an association between
patients’ cochlear signal on T2 MRI imaging and their hear-
ing, with the hope that an association will be able to help
clinicians decide if and when definitive microsurgical hear-
ing sparing intervention is warranted to attempt to save the
hearing.

Materials and Methods

A retrospective chart review was conducted on patients diag-
nosed with a VS between 2007 and 2018 at a single major
academic medical center. This study was approved by the
hospital institutional review board. Search for records was
conducted using International Classification of Diseases
(ICD)-9 code 225.1 and ICD-10 code D33.3.

Patients were excluded on the based on the following: (1)
being younger than 18 years of age, (2) insufficient data as
to preclude complete radiographic and audiometric assess-
ments, (3) neurofibromatosis type II, (4) having had surgical
or radiosurgical intervention for their tumor, and (5) other
prior history of other major otological conditions or surgery
which could impact on their hearing outcomes (chronic otitis
media, otosclerosis, etc.).

Variables collected included age, gender, baseline (earli-
est available ensured to precede any treatment), and most
recent follow-up MRI and audiometry. For both baseline and
follow-up data, the MRI and audiogram were ensured to be
within 3 months of each other.

MRI was performed using an institutional specific MRI
internal auditory canal (IAC) protocol. MR image analysis
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was performed using a SECTRA picture archiving and com-
munication system. Two sets of images were viewed and
analyzed: baseline images and the most recent follow-up.
Tumor size and location were analyzed using axial postcon-
trast T1-weighted images. The location of the tumor relative
to the IAC was recorded: entirely in the IAC, entirely within
the cerebellopontine angle (CPA), or spanning both. Cochlear
intensity was analyzed using axial T2-weighted images.
Three circular regions of interest (ROIs) were placed on the
T2 images. One ROI was placed within the cochlea of the ear
ipsilateral to the tumor, the second ROI within the cochlea
of the contralateral ear, and the third ROI within the pons
on the same image. The reasoning for the pons as the com-
parison point is that it has been shown to be consistently
hypointense to the cochlea and can be easily visualized on an
axial slice in view of both cochleae. An example image of this
ROI placement is shown in =Fig. 1.

To standardize MRI signal intensity values among
patients, we used an index value by calculating a relative
cochlear-to-pontine relative signal intensity (RSI)—a ratio of
the signal intensity of the cochlea on one side to the intensity
of the pons (method previously described by Kim et al).>

Audiograms for baseline and most recent follow-up were
reviewed. For both the ipsilateral and contralateral ear, aver-
age hearing levels via air conduction measured at 500, 1,000,
2,000, and 4,000 Hz were collected; the mean of these val-
ues was calculated to give a pure tone average (PTA). The
four-tone PTA was chosen to capture the high-frequency
hearing loss often seen in small and medium sized VSs.
Additionally, values for the speech recognition threshold, as
well as word recognition score (WRS) and hearing level were
collected.

Baseline characteristics were analyzed using descriptive
statistics. Chi-square and t-tests were used for categori-
cal and continuous variables, respectively. Paired t-tests
were used to evaluate the difference between initial and
follow-up RSI and PTA. Pearson’s correlation coefficient was

Mean: 1,066, Deviation: 111

Fig. 1 An axial section of a T2-weighted magnetic resonance imaging (MRI) showing bilateral cochlea and the pons. There is an intracanalic-
ular vestibular schwannoma present in the left ear. To measure cochlear intensity, the SECTRA picture archiving and communication system
(PACS) software was used to manually place regions of interest (ROIs) within each cochlea using the ROI circle tool. One ROl was placed within
the cochlea of the ear ipsilateral to the tumor (right side of image), the second ROl within the cochlea of the contralateral ear. A third ROI
was placed within the pons to obtain a third measurement needed to calculate the relative signal intensity (RSI), the index value we used to

compare patients to one another.
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calculated between PTA difference in time and initial RSI.
Alpha < 0.05 was considered statistically significant. The
analysis was made in R statistical software 3.6.0.

Results

An initial search of institutional records found 893 patients
with a diagnosis of VS. After excluding cases that did not
meet all criteria, 50 patients were included in the final anal-
ysis for this study. Demographic and tumor characteristics
were overall balanced and are summarized in =Table 1.

Patients were majority female (54%) with a mean age
of 65.91 years. Majority of tumors were left-sided (72%),
mean tumor size of 119.23 mm?, and most tumors having
portions in the CPA and IAC (50%). No significant differences
were found in patient or tumor characteristics between left-
and right-sided tumors.

Patient audiometric data was plotted using American
Academy of Otolaryngology-Head and Neck Surgery scat-
tergrams.® Plots were made using PTA against WRS, for both
unaffected and affected ears (=Fig. 2). In general, unaffected
ears showed lower PTA and higher WRS (i.e., better hearing)
scores than those affected ears.

There was a trend in the ipsilateral ear for RSI to increase
over time and RSI to decrease in the contralateral ear, though
these did not reach statistical significance (ipsilateral p = 0.71;

Table 1 Patient demographics and tumor characteristics
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contralateral p = 0.71) (=Fig. 3A, B). For PTA, the general
trend shows both ears having increasing PTA values over
time reflecting worsening hearing though this did not reach
statistical significance (ipsilateral p = 0.22; contralateral
p = 0.15) (=Fig. 3C, D). Both baseline and follow-up PTA val-
ues are higher for the ipsilateral ear than the contralateral
ear (=Table 2).

When looking at the ipsilateral ear, there is a significant
positive correlation between the initial RSI compared with
the difference in the PTA between baseline and follow-up
(R=0.28, p = 0.048) (~Fig. 4). There was a negative trend for
the contralateral ear which showed no significance.

There was also no significant correlation for either ipsilat-
eral or contralateral ears when comparing change in PTA and
change in RSI over time from the baseline to follow-up time
points (ipsilateral R =-0.17, p = 0.32; contralateral R =-0.18,
p=0.3) (~Fig. 5A, B).

Discussion

This study examined the relationship between hearing loss
and MRI findings, specifically how the cochlea appeared
on T2 imaging in patients with VSs. The ultimate goal was
to see if there was a relationship between PTA and RSI over
time. As expected, there was a trend for the PTA to increase
from baseline to follow-up, representing worsening hearing,

Level Left ear Right ear p
N 36 14
Age (mean [SD]) 65.75y 66.07 y 0.926
(11.18) (10.12)
Sex (%) F 18 (50.0) 9 (64.3) 0.552
M 18 (50.0) 5(35.7)
Size (mean [SD]) 97.78 mm? 140.68 mm? 0.186
(93.00) (121.27)
Location (%) Both 16 (44.4) 9 (64.3) 0.408
CPA 1(2.8) 0(0.0)
IAC 19 (52.8) 5(35.7)
T2 ipsilateral (mean [SD]) 704.61 653.50 (210.04) 0.782
(671.38)
T2 contralateral (mean [SD]) 709.69 512.00 (157.01) 0.193
(548.55)
T2 pons (mean [SD]) 379.17 357.50 (177.15) 0.819
(333.77)
RSl ipsilateral initial (mean [SD]) 1.87 (0.47) 1.92 (0.39) 0.729
RSI contralateral initial (mean [SD]) 1.89 (0.40) 1.61(0.58) 0.054
Ipsilateral PTA initial (mean [SD]) 49.83 dB 49.55 dB (21.81) 0.966
(19.65)
Contralateral PTA initial (mean [SD]) 18.30 dB (9.27) 21.07 dB (10.67) 0.367

Abbreviations: CPA, cerebellopontine angle; dB, decibels; IAC, internal auditory canal; PTA, pure tone average; RS, relative signal intensity; SD, stan-

dard deviation.
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Fig. 2 American Academy of Otolaryngology-Head and Neck Surgery scattergrams for both unaffected and affected ears are shown. Word
recognition score (WRS) (%) is shown on the x-axis and pure tone average (PTA (dB) on the y-axis. The frequency of patients whose audiometric
data places them within those PTA and WRS parameters is represented numerically within the squares.
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Fig. 3 Box and whisker plots of (A) relative signal intensity (RSI) ipsilateral, (B) RSI contralateral, at initial visit and at their first follow-up visit,
(C) pure tone average (PTA) ipsilateral, and (D) PTA contralateral, at initial visit and at their first follow-up visit. The gray lines between the
initial and the follow-up plots, identify the change in each individual patient. t-Tests compared the means of each group. p-Values are shown

in each plot.

for both the ipsilateral and contralateral ear with a greater
degree of change in the ipsilateral ear. For RSI, the direc-
tion of the trend depended on which ear was being studied.
RSI was shown to increase over time for affected ears, and
decreased for unaffected ears (~Fig. 3).

When correlating the RSI at the initial time point with the
change in PTA over time, there was a significant correlation

Annals of Otology and Neurotology Vol. 4 No. 1/2021 ©2021. Indian Society of Otology.

seen in the ipsilateral ear (~Fig. 4), without an associated
correlation in the contralateral ear. This finding suggests that
patients with changes to the cochlear T2 signal in their affected
ear on initial imaging may have larger changes to their hear-
ing over time. Previous literature has found that in patients
affected with VSs, three-dimensional fluid-attenuated
inversion recovery (FLAIR) cochlear intensity increases with
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Fig. 4 Scatterplots showing the relationship between the percentage of the initial relative signal intensity (RSI) for an ear compared with the
change in pure tone average (PTA). (A) Ipsilateral ear and (B) the contralateral ear. Pearson’s R values and p-values are labeled in each graph.

Table 2 Mean differences for audiometry and MRI signal
from baseline to follow-up

Mean SD

Difference in audiometry baseline to follow-up (dB)
Ipsilateral PTA 6.075 dB 8.089148 dB
Contralateral PTA 2.575dB 4.686675 dB
Difference in MRI baseline to follow-up (ratio)
Ipsilateral RSI 0.02778505 0.4133739
Contralateral RSI -0.00914956 0.5312379

Abbreviations: dB, decibels; MRI, magnetic resonance imaging; PTA,
pure tone average; RS, relative signal intensity; SD, standard deviation.

greater hearing loss.’ Thus, the RSI of affected ears increasing
between follow-ups in our cohort was a consistent finding.
However, to our knowledge no studies have attempted to
compare the MRI signal and audiometry between multiple
time points.

When analyzing association between changes in RSI with
changes in PTA from our first data set to the follow-up data
set, we were unable to find a significant relationship for either
ear (=Fig. 5). This temporal relationship was the one we were
most interested in in terms of being able to form a predic-
tive relationship between MRI signal and hearing loss. Lack of
correlation found here could indicate a need for further data
points and follow-up to create a more detailed relationship.

VSs are well known to be slow growing which makes
observation a reasonable option for patient management.
There is risk that hearing will worsen and tumor size will
increase during the observation period, which may make
these patients not ideal candidates for hearing preservation
surgery if they decide to switch management.’ For this rea-
son, trying to associate imaging findings in patients with
VS with hearing loss has been the subject of many studies
in recent years. Tumor characteristics such as tumor size,
growth rate, and laterality have not shown to be consistent
predictors of clinical symptoms in affected patients.*01

MRI is sensitive to the perilymphatic protein content
within the cochlea. It has been well reported in the liter-
ature that patients with VSs have increased levels of pro-
tein in the perilymph of their affected ears as compared
with ears that are unaffected.'>'* Intralabyrinthine signal
changes on MR and any attached prognostic value has been
of interest to surgeons since the technology was available to

detect such variations in intensity within the cochlea.’ The
exact mechanism is not quite clear, however, one pro-
posed explanation is that tumors cause compression of the
cochlear nerve, resulting in interference with the neuroax-
onal transport of proteins.' Kim et al found that there was
a significant correlation between the T2 FLAIR signal and
the degree of hearing impairment,® while others suggest the
relationship between FLAIR and level of hearing impairment
is weaker.>!¢

MRI has also been used to look at endolymphatic hydrops
(EH), another phenomenon found in the affected cochlea of VS
patients.'”!® Eliezer et al'® describes a correlation between EH
and hearing loss. They found the utricle volume imaged using
T2-weighted fast imaging employing steady-state acquisition
with cycle phase was correlated with the patient’s hearing
loss in a VS patient series. Karch-Georges et al* researched
T2 MRI at 3 Tesla and found a third of their cohort had their
affected cochlea associated with saccular dilation, another
radiographic sign of EH. These last two aforementioned stud-
ies also suggest treatment that can decrease EH could hypo-
thetically be used to result in better hearing.!92°

The retrospective nature of this study meant that we
were unable to standardize the time interval in between
follow-ups, as well as the interval between MRI and audi-
ometry. Our criteria for included patients focused on having
two sets of temporally linked audiometric and radiographic
data—one for baseline and a follow-up. To mitigate the effect
of these variable intervals, future studies would need to be
prospective in nature with these intervals standardized.

Another disadvantage of the retrospective design was that
it resulted in a final patient subset (50) being much smaller
portion than the sample of patients initially found to have a
diagnosis of VS, with the primary reason for exclusion being
lack of adequate radiographic and audiometric data to have
two complete temporally linked sets of data.

For measurement of the RSI, the ROIs had to be manu-
ally placed onto the images which introduced an element of
human error. Future studies would ideally have at least one
neuroradiologist participate in the placement of the ROIs and
interpretation of the images; more than one would increase
the interrater reliability of such results.

Our goal with this study was to find a relationship between
hearing loss and MRI signals, and see if that could be extrap-
olated to create a predictive model. Two time points of data
cannot be used reliably to create a true predictive model and

Annals of Otology and Neurotology Vol. 4 No. 1/2021 ©2021. Indian Society of Otology.
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Fig. 5 Scatterplots showing changes in pure tone average (PTA) with changes in relative signal intensity (RSI), from first data set to follow-up.
(A) The ipsilateral ear and (B) the contralateral ear. Pearson’s R values and p-values are labeled in each graph.

has limited prognostic value within itself. However, as the
basis of a pilot study, we were able to show that it is possible
to use these measurements of audiometric and MRI to form
a correlation over time. If these results were to be expanded
with a larger prospective study, a trend with more clinical
significance could be explored. This could allow providers to
have a better idea of when the optimal time to intervene is
as they could do serial MRI, trend those, and correlate that
with the corresponding hearing loss trend to gauge when the
optimal timeframe for surgical or radiosurgical intervention
would be to best preserve patient hearing.

Another aspect that could be interesting to investigate
would be to compare the signal from both T2 and FLAIR
images for the same patients. For this pilot retrospective
study, FLAIR signals could not be used due to the MRI IAC
protocol lacking thin cut FLAIR images through the cochlea.
Additionally, images were taken on a variety of scanners and
differences in scanner software and image analysis may also
impact these results. Future studies would include more rig-
orous control and standardization of the imaging technique
to ensure that variables such as machine manufacturer and
sequence were constant for all patients.

Conclusion

There appears to be a positive trend between initial
T2 cochlear signal and hearing changes in the affected ears of
patients with VS. Moving forward, prospective studies with
larger cohorts, consistent serial data sets, and more standard-
ization in MR usage with the inclusion of a neuroradiologist
on the team are ideally needed to elucidate the relationship
between our variables and determine their clinical signifi-
cance for a larger and more generalizable patient population.
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