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ARTICLE INFO ABSTRACT
Article history: Purpose: To investigate the correlation between vestibular hydrops (VH), cochlearhydrops (CH),
Received 22 November 2021 vestibular aqueduct non-visibility (VANV), and visually increased perilymphatic enhancement (VIPE)
ge;my;e%;;ewsed form with the findings of pure-tone audiometry (PTA) in Meniere’s disease (MD) patients.

pri

Methods: In this cross-sectional study, 53 ears belonging to 48 patients were divided into two groups
and evaluated. In group “MD patients,” there were 24 ears of 19 patients diagnosed with the definite MD
(14 patients with unilateral and 5 patients withbilateral involvements). The “control group” consisted of
29 non-symptomatic ears belonging to patients diagnosed with unilateral sudden sensory-neural
Meniere disease hearing loss or unilateral schwannoma. All the patients underwent 2 sessions of temporal bone MRI
Endolymphatic hydrops using the same 3T system: an unenhanced axial T1, T2, and 3D-FLAIR MR], an intravenous gadolinium-
Pure-tone audiometry enhanced axial T1 fat-sat, and 4 h after the injection, an axial 3D-T2 cube and 3D-FLAIR session. VH, CH,
VANV, and VIPE were assessed. Subsequently, the correlation between EH indices and PTA findings (in
three frequency domains of low, middle, and high) were evaluated, and the predictive value of MRI was
calculated.

Results: VH was significantly correlated with the hearing threshold in the low, middle, and high-
frequency domains. CH was also correlated with the hearing threshold in the low and middle do-
mains. Contrarily, VIPE was not associated with hearing thresholds, and VANV was only correlated with
the hearing threshold in low frequencies.

Conclusion: The grade of VH, CH, and VANV were significantly correlated with the hearing thresholds
in PTA.
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1. Introduction

Meniere's disease (MD) is an inner ear disease characterized by
episodes of vertigo, tinnitus, feeling of fullness in the ear, and
progressive hearing and balance disorders. Typically, MD affects
only one ear; however, progression to bilateral involvement is
possible. Women are more frequently affected by MD, and it usually
starts in the 5th to 7th decade of life (Giirkov et al., 2016; Lopez-
Escamez et al., 2015). The exact pathophysiology of MD is still un-
clear. Genetic mutations aside, some studies have suggested the
relationship between the incidence of endolymphatic hydrops (EH)
and MD (Liu et al., 2020; Martin-Sierra et al., 2017). EH is dilatation
of the endolymph-containing structures such as the cochlear duct,
saccule, and utricle. It is contemplated that the changes in the
endolymphatic volume are strongly associated with the symptoms
of MD (Salt and Plontke, 2010; Pender, 2014). Further studies
concluded that EH should be mainly considered a histologic marker
for MD, not a true pathophysiologic cause (Lingam et al., 2018). In
histopathologic studies, the bulging of Reissner's membrane into
the scala vestibuli is the hallmark of EH.

In a collaboration between several scientific societies to
formulate the diagnostic criteria for MD, the classification com-
mittee of the Barany Society categorized MD into two types based
on the clinical findings: definite and probable (Lopez-Escamez
et al., 2015). Nonetheless, MD can be difficult to diagnose clini-
cally, especially when the symptoms are unusual, such as isolated
fluctuating hearing loss (cochlear MD). In such cases, MRI would be
helpful as a reliable imaging modality to diagnose MD (Lingam
et al, 2018). Accordingly, the Japan Society for Equilibrium
Research proposed a new criteria that also included the findings of
magnetic resonance imaging (MRI) of the inner ear. They catego-
rized MD into certain, definite, and probable, in which the presence
of endolymphatic hydrops (EH) was necessary for the diagnosis of
certain MD (Horii Arata, 2017).

Radiological visualization of EH has become an important goal
in studies on MD patients. Radiologic assistance eliminates the
need for very invasive diagnostics, such as endolymphatic sac bi-
opsy during surgery. Initial studies tried to detect EH by three-
dimensional fluid-attenuated inversion recovery magnetic reso-
nance imaging (3D-FLAIR MRI) after intratympanic injection of
gadolinium (Nakashima et al., 2007). Pyykko et al. utilized a
delayed 3-D-FLAIR MRI 4 h after the intravenous injection of gad-
olinium to visualize EH. They visualized EH in 93% of the symp-
tomatic MD patients and all of the definite cases (Pyykko et al.,
2013). The diagnostic criteria in this study was based on the clin-
ical manifestations and balance tests, and they showed that the MRI
findings in MD are strongly correlated with the clinical diagnostic
criteria.

The association between MRI findings and hearing-balance
function tests in MD patients is still controversial. The presence
of EH on MRI has been linked to hearing loss; however, EH was
found to be unrelated to the electrocorticography (ECoG) and
distortion product otoacoustic emissions (DPOAE) results (Quatre
et al., 2019). Also, there are a few available studies on the correla-
tion between EH and audiometric evaluations such as pure-tone
audiometry (PTA), and little is known about the prevalence of EH
among the population (Liu et al., 2015; Sepahdari et al., 2015; Fang
et al,, 2012). Although the MRI is not the gold standard for the
diagnosis of EH, the combined magnetic resonance (MR) evaluation
of EH in the inner ear and PTA results might significantly facilitate
the diagnosis of MD (Naganawa and Nakashima, 2014). In this
study, we utilized a semi-quantitative grading system to evaluate
the incidence of EH in the ears of patients with definite MD and
healthy controls. A brief report of the EH findings in the asymp-
tomatic ears of unilateral MD patients is also provided. In addition,
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we examined the correlation between the grade of EH and PTA
results. Finally, the predictive values of the MRI findings in both MD
affected and healthy inner ears were calculated.

2. Materials and methods

This single-center cross-sectional study was conducted from
April 2019 to September 2020 at a referral hospital for MD patients.
A total of 53 ears belonging to 48 patients were enrolled and
divided into 2 groups: the “MD group” and the “control group”. The
MD group included 19 patients who were recently diagnosed
(within 2 weeks) with definite MD, of whom 14 patients were
unilaterally and 5 bilaterally affected, resulting in a total of 24 ears
with definite MD. An expert otolaryngologist had confirmed the
definite MD diagnosis according to the Barany Society criteria
(Lopez-Escamez et al., 2015). The control group consisted of 29
unaffected ears of 29 patients who had either sudden sensorineural
hearing loss (SSNHL) (n = 24) or unilateral hearing loss caused by
schwannoma (n = 5).

Patients with a history of treated MD, diuretic therapy, renal
dysfunction with a glomerular filtration rate (GFR) less than 60 ml/
min, fluid overload symptoms due to comorbidities including but
not limited to severe heart failure and cirrhosis, and those who
refused to participate in this study were excluded. The study pro-
tocol was completely explained to the patients, and written consent
was obtained from all of the participants. Other than the contrast-
enhanced MRI, which is a routine diagnostic study for the patients,
no additional costs or invasive interventions were imposed on
them. Also, patients were informed that they could withdraw from
the study upon their request, and they were reassured that their
identity would remain confidential. The entire study was con-
ducted in accordance with the Helsinki declaration and its
amendments.

MRIs were separately reviewed by two expert radiologists with
at least five years of experience in head and neck imaging who were
blinded from the study groups. Conflicts between the radiologists
were settled by consensus.

Radiologists identified the grade of vestibular hydrops (VH),
cochlear hydrops (CH), vestibular aqueduct non-visibility (VANV),
and visually increased perilymphatic enhancement (VIPE) in MRIs.

To quantify the grade of VH, the modified four-grade system
proposed by Bernaerts et al. was implemented (Bernaerts et al.,
2019). VH was classified into 4 grades, including GO, when there
was no evidence of hydrops; G1, when the saccule was equal to or
larger than the utricle but with clear separation of both structures;
G2, when the saccule and utricle were no longer distinguishable
from one another but still surrounded by an enhancing perilymph
rim; and G3, when the surrounding enhancing perilymph rim was
interrupted. The Barath classification was used to assess CH and
included GO when there was no hydrops in the cochlea; G1, when
only irregular or nodular dilatation was seen at the periphery of the
scala vestibuli caused by the enlargement of the scala media and
the displacement of Reissner's membrane; and G2, whenever the
cochlear duct or scala media entirely occupied the scala vestibuli
(Barath et al., 2014). VANV was evaluated in T2 cube sequences and
classified into GO, G1, and G2: in GO, the VA was completely visible;
in G1, the VA was partially visible; and in G2, the VA was completely
invisible. VIPE was determined visually as positive or negative for
each ear based on the judgment of radiologists. Additionally, PTA
was used to identify the hearing threshold in three frequency do-
mains (low hearing frequency (LHF): below 1000 Hz, middle
hearing frequency (MHF): between 1000 and 4000 Hz, and high
hearing frequency (HHF): more than 4000 Hz).
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2.1. MRI protocol

The MRI sessions were performed on a 3T system with a 32-
channel array head coil (Discovery MR750, GE Healthcare, Wau-
kesha, WI, USA). All patients underwent an MRI session with
intravenous gadolinium-enhanced axial T1 fat-sat and an unen-
hanced axial T2 and 3D-FLAIR MRI of the temporal bone. Subse-
quently, intravenous gadolinium (Dotarem® - Gadoteric acid -
Gadoterate meglumine, Roissy CdG, France, 0.1 mmol/kg — 0.2 mg/
kg) was administered. Four hours after the gadolinium adminis-
tration, axial 3D-T2 cube images (frequency FOV: 14 Hz, slice
thickness: 0.6 mm, TR: 1800.0 ms, TE: 90.0 ms, NEX: 1, the
maximum number of slices: 256, echo train length: 50, bandwidth:
83.3 Hz/pixel, and scan time: 5 min and 48 s) and axial 3D-FLAIR
images (Brainview® technique, frequency FOV: 24 Hz, slice thick-
ness: 1.2 mm, TR: 6800.0 ms, TE: 115.0 ms, auto inversion time:
1826 ms, NEX: 2, the maximum number of slices: 256, echo train
length: 200, voxel size: 0.8*0.8*1.2 mm, bandwidth: 41.67 Hz/pixel,
and scan time: 6 min and 24 s) of the temporal bone were acquired.
The relatively isotropic voxel size of 0.4*0.4*0.6 mm allowed for
making high-quality reformatted images.

2.2. Statistical analysis

Data were analyzed using SPSS software version 25 (USA, IBM).
The normal distribution of the continuous variables was assessed
by the Shapiro-Wilk test for normality, and correspondingly, they
are described as mean (+ standard deviation) or median (inter-
quartile range). Categorical variables are presented as absolute
frequency (percentage). Also, Cohen's kappa was calculated to
measure the inter-rater reliability. In the comparative analysis,
cross tables, Pearson Chi-Square test, Mann Whitney test, and
median test were used. Furthermore, the diagnostic value of MRI-
detected EH in the definite MD patients was assessed with the
calculated sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) for each parameter. Using the
operators “AND” and “OR,” we also tested the combination of VH
grade with CH, VIPE, and VANV to achieve the optimal diagnostic
value. A p-value < 0.05 was considered significant in all of the tests.
Lastly, the Benjamini-Hochberg method was employed to detect
the false discovery rate.

Table 1
The description of MRI findings.
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3. Results

In this study, 53 ears of 48 individuals, including 21 males and
27 females, were evaluated. The mean age of the participants was
50.1 + 10.8 years. Nineteen definite MD patients, a total of 24 ears,
were enrolled in the study. Among them, there were 11 females and
8 males with a mean age of 50.6 + 12.1 years, of whom 72.4%
(n = 14) and 26.6% (n = 5) had unilateral and bilateral MD,
respectively. Also, 29 otherwise healthy ears were studied,
including 5 healthy ears of the patients with unilateral schwan-
noma and 24 healthy ears of the patients with unilateral SSNHL.
The inter-rater reliability among the radiologists was formidable
(kappa = 82%).

A within-group comparison was performed in the control group,
and no significant difference was found between the normal ears of
unilateral schwannoma patients and those of the SSNHL patients.
Between-group comparison, however, showed a significant differ-
ence regarding all of the EH indices. Table 1 summarizes the details
of EH in the groups as well as their comparisons.

Non-symptomatic ears of the unilateral MD patients were also
reviewed, and there were 5 patients with EH. Table 2 illustrates a
comprehensive picture of the MRI findings in those five non-
involved ears and their corresponding involved ears.

Figs. 1—5 demonstrate various grades of EH in three definite MD
patients and their level of hearing loss.

Subsequently, the diagnostic value of the findings in MRI for MD
was investigated among definite MD patients. Concerning VH, the
increase in the grade led to a decrease in sensitivity but an increase
in specificity. Similar results were observed regarding CH and
VANV. The details of sensitivity, specificity, PPV, and NPV are shown
in Table 3.

Using the operator “OR,” we tested the combination of the VH
grading with CH, VIPE, and VANV, which showed increased sensi-
tivity and decreased specificity. Notwithstanding, the application of
the “AND” operator resulted in decreased sensitivity and increased
specificity. Regardless of the operator, an increase in the grade
prompted a decline in sensitivity and an increase in specificity.
Considering the changes in specificity, PPV, and NPV, the best
diagnostic value was achieved when VH and VANV were combined
using the “AND” operator. Sensitivity, specificity, PPV, and NPV for
the combination of VH > G1 and VANV > G2 were 45.8%, 100%,
100%, and 50% using the “AND” operator, and 100%, 84.6%, 92.3%,

Ears with definite MD Asymptomatic ears of

Ears of the control group Between-group (definite MD- control)

(n=24) MD patients (n = 14) (n=29) comparison (sig.)
Grade of VH GO 0 (0%) GO 13 (92.9%) GO 25 (86.3%) <0.001
G1 7 (29.2%) G1 1(7.1%) G1 4 (13.7%)
G2 13 (54.2%) G2 0 (0%) G2 0 (0%)
G3 4(16.7%) G3 0 (0%) G3 0 (0%)
Grade of CH GO 5 (20.8%) GO 13 (92.9%) GO 22 (75.9%) <0.001
G1 11 (45.8%) G1 1(7.1%) G1 7 (24.1%)
G2 8(33.3%) G2 0 (0%) G2 0 (0%)
Grade of VANV GO 2 (8.3%) GO 10 (71.4%) GO 20 (68.9%) <0.001
G1 12 (50%) G1 3(21.5%) G1 9 (31.1%)
G2 10 (41.7%) G2 1(7.1%) G2 0 (0%)
VIPE Pos. 10 (41.7%) Pos. 3 (21.5%) Pos. 7 (24.2%) 0.011
Neg. 14 (58.3%) Neg. 11 (78.5%) Neg. 22 (75.8%)

CH = cochlear hydrops.

G = grade.

MD = Meniere's disease.

Sig. = asymptomatic significance (2-sided).

VANV = vestibular aqueduct non-visibility.

VH = vestibular hydrops.

VIPE = visually increased perilymphatic enhancement.
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Table 2
MRI findings in the asymptomatic ears of the MD patients with their corresponding
involved ear.

Index Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
M H M H M H M H M H
VH grade G2 Gl G2 GO G2 GO G2 GO G3 GO
CH grade GO GO G1 Gl G2 GO G1 GO G2 GO
VANV grade G1 Gl GO GO G2 GO G1 GO Gl G2
VIPE Pos. Pos. Pos. Neg. Pos. Pos. Neg. Pos. Pos. Neg.

CH = cochlear hydrops.

G = grade.

H = the healthy ear.

M = the ear with Meniere's disease involvement.
VANV = vestibular aqueduct non-visibility.

VH = vestibular hydrops.

VIPE = visually increased perilymphatic enhancement.

and 100% using the “OR” operator, respectively.

Concerning the definite MD ears, the grade of VH was signifi-
cantly associated with hearing loss in LHF, MHF, and HHF. The grade
of CH was also associated with PTA results in LHF and MHF in this
group. However, the grade of VANV was only related to the hearing
loss in the LHF. Furthermore, the presence of VIPE was not

Journal of Otology 17 (2022) 123—129

associated with the PTA findings. As the grade of EH increased, the
hearing loss in LHF and MHF significantly deteriorated. There was
no significant association between the PTA findings and the grades
of VH, CH, VANV, and VIPE in the control group. Table 4 provides
more details regarding the PTA results and MRI findings of the
definite MD ears.

4. Discussion

In this study, we investigated the correlation between the EH
grade in MRI and PTA results in clinically diagnosed MD ears. Also,
the diagnostic value of the EH indices for MD was assessed. Of all 53
studied ears, 24 belonged to 19 patients with definite MD (5
bilateral and 14 unilateral). VH and CH were graded using the semi-
quantitative system presented by Bernaerts et al. (VH) and Barath
et al. (CH) (Bernaerts et al., 2019; Barath et al., 2014).

4.1. Endolymphatic hydrops and hearing loss

Only a few studies have investigated the correlation between
the semi-quantitative grading of EH and PTA findings in MD pa-
tients. Our evaluation of the hearing loss at LHF, MHF, and HHF
showed that MD-related hearing loss occurs at LHF and MHF.

Fig. 1. A 36-year-old female with confirmed definite Meniere's disease on the left side. (A) Normal vestibular utricle (horizontal thin arrow), saccule (vertical thin arrow), cochlea
(vertical thick arrow), and vestibular aqueduct (horizontal thick arrow) of the right ear. (B) Grade 2 vestibular (horizontal arrow) and grade 2 cochlear (vertical arrow) hydrops of
left ear. The vestibular aqueduct was not visible in this ear. She presented with 50 dB hearing loss on the left side.

A

B

Fig. 2. A 69-year-old female with confirmed definite Meniere's disease in the right ear. (A) Saccule (vertical arrow) is larger than vestibule, suggestive of grade 1 vestibular hydrops.
No imaging sign of cochlear hydrops is present. (B) Vestibular aqueduct (horizontal arrow) is completely visible (grade 0) and visualized increased perilymphatic enhancement

(vertical arrow) is present. 20 dB hearing loss of the right ear was detected.
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5
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Fig. 3. A 68-year-old female with confirmed definite Meniere's disease of the left ear. Complete obliteration of cochlear scala vestibuli (vertical arrow) in favor of grade 2 cochlear
hydrops and near-complete vestibular perilymphatic obliteration suggestive of grade 3 vestibular hydrops are present. 60 dB hearing loss was recorded in this ear. The lower and

upper sections are presented on the left and right, respectively.

- - ' A
|
. |

Fig. 4. Three consecutive axial sections of the patient in Fig. 3. The vestibular aqueduct
is completely visible in the right ear (normal ear); however, the vestibular aqueduct is
invisible in all three sections on the left side with a confirmed diagnosis of definite MD.

Similar to our findings, Wu et al. stated that low-and mid-frequency
hearing loss was associated with the size of the negative signal area
in all cochlear turns (Wu et al., 2016).

Our results showed a significant relationship between hearing
loss and VH, CH, and VANV. The rate of hearing loss was propor-
tional to the grade of VH and CH. Similarly, Seo et al. reported that
CH has a significant relationship with an abnormal auditory
threshold in PTA and ECoG (Seo et al., 2013). In a study by Jasinska
et al., the grade of EH and the endolymphatic space dilation were
significantly related to the level of hearing loss (Jasinska et al.,
2021). Pyykko et al. have shown that CH and/or VH were detec-
ted in 55—90% of patients with unilateral vertigo, tinnitus, or
hearing loss in the symptomatic ear (Pyykko et al., 2013).

127

Fig. 5. The same figure as Fig. 4 but with highlighted visible vestibular aqueducts in
red overlays.

4.2. Endolymphatic hydrops in the control group

We investigated 29 healthy ears (5 ears of the patients with
unilateral schwannoma and 24 ears of unilateral SSNHL patients).
There were 4 ears (13.7%) with VH grade 1 among the control
group. We found 7 (24.1%) cases of CH grade 1 among the ears in the
control group. Additionally, there was one ear with VH grade 1
(7.1%) and one with CH grade 1 (7.1%) among the non-symptomatic
ears of the unilateral MD patients (n = 14). Attye et al. reported that
evidence of EH was found on MRI of 22%—65% of asymptomatic ears
in MD patients (Attyé et al., 2017). Wu et al. also identified mild CH
in the opposite asymptomatic ear of 9 (16.7%) unilateral MD pa-
tients (Wu et al,, 2016). Furthermore, Yoshida et al. considered
vestibular EH a specific indicator of definite MD, which is rarely
present in healthy ears (Yoshida et al., 2018). In a meta-analysis of



M.A. Kazemi, A. Ghasemi, J.W. Casselman et al.

Table 3
Sensitivity, specificity, PPV, and NPV of the evaluated MRI indices in definite MD
patients.

MRI index Grade Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Grade of VH > G1 100 92.3 96 100

> G2 70.8 100 100 65

G3 16.7 100 100 394
Grade of CH > G1 79.2 92.3 95 70.6

G2 333 100 100 44.8
VANV > Gl 91.7 69.2 84.6 81.8

G2 41.7 92.3 90.9 46.2
VIPE Positive  58.3 76.9 824 50

CH = cochlear hydrops.

G = grade.

NPV = negative predictive value.

PPV = positive predictive value.

VANV = vestibular aqueduct non-visibility.

VH = vestibular hydrops.

VIPE = visually increased perilymphatic enhancement.

the EH and MD relationship, two studies showed EH presence in
patients with no history of MD (Pender, 2014). These findings
indicate that MD patients can present evidence of EH in both
symptomatic and asymptomatic ears; therefore, clinical assess-
ment alone may not provide a reliable assessment of bilateral MD.
Temporal bone histopathology studies have also reported a 14% risk
of bilateral progression in MD patients (House et al., 2006). In this
study, none of the ears in the control group demonstrated VH or CH
grade 2 or above, and there was only one instance of VANV grade 2
in an asymptomatic ear of a unilateral MD patient. All cases of VH or
CH grade 2 or higher were among definite MD patients.

As some studies suggest, different grades of EH occur in the
contralateral asymptomatic ears of unilateral MD patients. There-
fore, we reported findings from the healthy ears of the MD patients
separately from the non-MD ones to avoid statistical oversight.

Journal of Otology 17 (2022) 123—129

Morita et al. reported that the progression of MD from unilateral
to bilateral occurs 13—21 years after the disease onset (Morita et al.,
2009). Hence, regular follow-ups seem necessary, as there is a
potential risk of Meniere's involvement in the asymptomatic ear,
and it is clear that the detection of EH in the asymptomatic ear
warns us of a probable MD development and future hearing loss. To
estimate the diagnostic value of MRI in healthy ears of unilateral
MD patients, further investigations are required.

4.3. Diagnostic value of semi-quantitative grading of EH in MD

Our results showed that the sensitivity decreases and the
specificity increases with higher grades of VH, CH, and VANV. The
combination of VH, CH, VANV, and VIPE increases sensitivity and
decreases specificity compared to the findings of VH alone. In our
study, the presence of VH and VANV grade >1 resulted in the
highest predictive value of MD. Attyé et al. found the sensitivity and
specificity of VANV grades 1 and 2 on MRI in the detection of MD to
be 90% and 60% for grade 1 and 45% and 85% for grade 2, respec-
tively (Attye et al., 2020). Finally, Jasinska et al. reported a sensi-
tivity of 81.6% in CH and 63.2% in VH using the Barath grading
system. (Jasinska et al., 2021).

The limitations of this study included a short study time frame
and lack of MRI follow-up due to time and facility limitations, as
well as the impossibility of comparing the MRI findings with the
histopathology of the inner ear in MD patients. Further studies on a
larger cohort with MR follow-up could be helpful in the long-term
prediction and treatment of MD patients.

5. Conclusion

MRI is a valuable technique in the detection of EH and the
diagnosis of MD. The results of this study show a significant

Table 4
The comparison of the hearing thresholds (in dB) in different grades of each MRI finding in the MD patients.
EH The hearing threshold in frequency domains of PTA
Among the MD ears LHF MHF HHF
Index Grade N Median (IQR) [min-max] Sig. Median (IQR) [min-max] Sig. Median (IQR) [min-max] Sig.
VH GO 0 - 0.003 - 0.007 - 0.014
G1 7 10.0 (10.0) [10.0—20.0] 10.0 (10.0) [10.0—20.0] 10.0 (10.0) [10.0—20.0]
G2 13 40.0 (55.0) [0.0—-60.0] 40.0 (55.0) [0.0—-60.0] 40.0 (50.0) [0.0—60.0]
G3 4 45.0 (17.0) [40.0—60.0] 40.0 (45.0) [0.0—-60.0] 40.0 (45.0) [0.0—-60.0]
CH GO 6 20.0 (32.5) [0.0—40.0] 0.002 20.0 (32.5) [0.0—40.0] 0.034 20.0 (32.5) [0.0—40.0] 0.127
G1 10 10.0 (32.5) [0.0—60.0] 10.0 (32.5) [0.0—60.0] 10.0 (32.5) [0.0—60.0]
G2 8 50.0 (17.5) [40.0—60.0] 50.0 (20.0) [0.0—60.0] 45.0 (47.5) [0.0—60.0]
VANV GO 2 5.0 (N/A) [0.0—-10.0] 0.031 5.0 (N/A) [0.0—10.0] 0.140 5.0 (N/A) [0.0—10.0] 0.275
G1 12 20.0 (37.5) [0.0—60.0] 20.0 (37.5) [0.0—-60.0] 20.0 (37.5) [0.0—-60.0]
G2 10 50.0 (25.0) [10.0—60.0] 45.0 (42.5) [0.0—60.0] 40.0 (45.0) [0.0—60.0]
VIPE Neg. 10 15.0 (45.0) [0.0—60.0] 0.214 15.0 (45.0) [0.0—60.0] 0.680 15.0 (45.0) [0.0—60.0] 0.697
Pos. 14 40.0 (32.5) [0.0—60.0] 40.0 (35.0) [0.0—60.0] 30.0 (40.0) [0.0—60.0]

CH = cochlear hydrops.

EH = endolymphatic hydrops.

G = grade.

HHF = high hearing frequency.

IQR = interquartile range.

LHF = low hearing frequency.

MD = Meniere's disease.
MHF = middle hearing frequency.

N/A = not attributable.

Sig. = asymptomatic significance (2-sided).
VANV = vestibular aqueduct non-visibility.

VH = vestibular hydrops.
VIPE = visually increased perilymphatic enhancement.
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association between “the grade of VH, CH, and VANV” and “the PTA
findings” in MD patients. Notably, a few cases of low-grade VH, CH,
and VANV were found in the asymptomatic ears of the unilateral
MD patients and the control group.
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