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Abstract 

Background This study aimed to investigate the relationship between the features of endolymphatic hydrops 
and hearing loss in patients with Bilateral Meniere’s Disease.

Methods A retrospective analysis was conducted on 77 patients diagnosed with Bilateral Meniere’s Disease. The 
features of endolymphatic hydrops in the affected ear were evaluated through gadolinium-enhanced inner ear Mag-
netic resonance imaging. The Spearman correlation coefficient, paired t-tests, and Wilcoxon signed-rank tests were 
employed for data analysis.

Results The analysis revealed a significant correlation between the degree of endolymphatic hydrops and hear-
ing loss across all frequencies(0.125–8 kHz), including the cochlear, vestibular, and overall degree of endolym-
phatic hydrops. The strongest correlation between the overall degree of endolymphatic hydrops and hearing loss 
was observed at low frequencies (r = 0.571, p < 0.05), followed by mid-frequencies (r = 0.508, p < 0.05), and high-
frequencies (r = 0.351, p < 0.05), with a correlation of r = 0.463, p < 0.05 for the staging of Meniere’s disease. Affected 
Ears with endolymphatic hydrops both in the cochlea and vestibule exhibited more severe hearing loss and Meniere’s 
disease staging compared to those with isolated endolymphatic hydrops within the same patient.

Conclusions The features of endolymphatic hydrops in patients with Bilateral Meniere’s Disease were found to cor-
relate with the severity of hearing loss and the staging of Meniere’s disease.
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Background
Meniere’s Disease (MD) is recognized as a prevalent oto-
logical disorder, characterized by episodic vertigo, fluc-
tuating hearing loss, tinnitus, and a sensation of aural 
fullness. Endolymphatic hydrops(EH) has been long iden-
tified as the primary pathological feature of MD, though 

its pathogenesis remained elusive [1, 2]. The prevailing 
consensus among researchers is that MD constitutes 
a syndrome initiated by diverse etiologies, necessitat-
ing the subdivision of MD into distinct subtypes. This 
stratification aims to facilitate the investigation into the 
clinical manifestations and underlying causes of differ-
ent subtypes, thereby promoting the development of 
tailored treatment strategies [3, 4]. Unilateral Meniere’s 
Disease (UMD) encompasses the majority of MD cases, 
with the prevalence of Bilateral Meniere’s Disease (BMD) 
reported variably across studies, ranging from 2 to 78%, 
most commonly estimated between 20%-30%. Diagnos-
ing BMD requires individual assessment of each ear; 
however, once MD advanced in one ear, pinpointing the 
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ear responsible for vertigo episodes becomes challeng-
ing. It is widely accepted among scholars that the diag-
nosis of BMD can be established upon the manifestation 
of contralateral ear symptoms such as hearing loss, tin-
nitus, and ear fullness [5]. BMD distinguishes itself by a 
pronounced sense of imbalance due to bilateral vestibu-
lar hypofunction and communication challenges stem-
ming from bilateral hearing loss. Additionally, patients 
with BMD often exhibit a reduced tolerance for vertigo, 
and then a heightened rate of disability, thus significantly 
diminishing their quality of life. The management and 
treatment of BMD necessitate a more meticulous and 
conservative approach compared to UMD, especially 
when employing interventions that risk further hearing 
and/or vestibular damage [6]. Despite the acknowledged 
significance of precise diagnosis and treatment of BMD, 
research dedicated to its clinical characteristics remains 
limited, underlining the need for further investigation to 
enhance its treatment and management. Currently, the 
diagnosis of bilateral Ménière’s disease remains challeng-
ing and requires examinations such as pure-tone audiom-
etry, electrocochleography, vestibular-evoked myogenic 
potential, and MRI [5]. Furthermore, if a patient presents 
with bilateral fluctuating sensorineural hearing loss that 
responds well to diuretic treatment, a high suspicion of 
bilateral Ménière’s disease should be considered.

Endolymphatic hydrops, a cardinal pathological hall-
mark of Meniere’s Disease, was first visualized by a 
3 Tesla magnetic resonance imaging (MRI) unit, and 
three-dimensional fluid-attenuated inversion recov-
ery (3D-FLAIR) imaging was performed in patients by 
Nakashima et al. [7]. Subsequently, Nakashima described 
another MRI technology, three-dimensional real inver-
sion recovery (3D-real IR), which demonstrated a higher 
contrast between the perilymphatic space and endo-
lymphatic vessels compared with 3D-FLAIR imaging 
[8] Then Naganawa proposed a novel technique called 
"HYDROPS" to visualize endolymphatic hydrops. [9]. 
The correlation between the degree of endolymphatic 
hydrops and hearing loss has been central to academic 
inquiry, albeit with inconsistent outcomes. One study 
identified a significant correlation between Pure Tone 
Audiometry (PTA) thresholds at low to mid-frequency 
and the degree of endolymphatic hydrops across all coch-
lear turns, excluding vestibular hydrops, whereas average 
high-frequency hearing thresholds did not demonstrate a 
significant correlation with the degree of endolymphatic 
hydrops either in the vestibule or cochlea [10]. The other 
study revealed that patients presenting with both ves-
tibular and cochlear hydrops experienced more severe 
hearing loss and staging of MD than those with isolated 
cochlear or vestibular hydrops. Nonetheless, no signifi-
cant correlation was found between vestibular hydrops 

and hearing loss or disease staging [11]. Conversely, 
the degree of endolymphatic hydrops both in the vesti-
bule and cochlea were significantly correlated with PTA 
thresholds [12] [13]. Moreover, disparate cochlear grad-
ing methods resulted in varying correlation coefficients 
between the degree of cochlear hydrops and hearing loss 
[14].

The inconsistency among study findings may be attrib-
uted to variations in the methods employed for visual-
izing endolymphatic hydrops via inner ear Magnetic 
resonance imaging (MRI), differences in criteria for 
assessing hydrops severity, individual variances among 
study populations, and potentially due to the lack of strict 
classification of Meniere’s disease subtypes in previous 
research. Such factors might lead to conclusions that do 
not accurately reflect the specific context. Ménière’s dis-
ease is a clinically heterogeneous disorder [15]. In clinical 
practice, only approximately 20% of patients present with 
bilateral involvement. Follow-up studies have shown that 
only a small percentage of patients progress from unilat-
eral to bilateral disease. Consequently, we propose that 
bilateral Ménière’s disease and unilateral Ménière’s dis-
ease represent distinct subtypes of the condition.Current 
investigations into the correlation between the degree of 
endolymphatic hydrops and hearing loss have not dif-
ferentiated between bilateral and unilateral Meniere’s 
Disease, possibly failing to capture the clinical nuances 
of BMD accurately. Thus, this study aims to explore the 
relationship between endolymphatic hydrops features 
and hearing loss in Bilateral Meniere’s Disease, endeavor-
ing to elucidate further the clinical features of BMD and 
provide a foundation for its diagnosis and treatment.

Materials and methods
Patient cohort and clinical examination protocol
Participants

Inclusion Criteria Individuals diagnosed with bilateral 
Meniere’s Disease by our team from March 1st, 2016, to 
March 1st, 2023, following the diagnostic criteria [16] for 
MD were enrolled. Each ear of the patient was assessed 
individually. A diagnosis of bilateral Meniere’s disease 
is made if gadolinium-enhanced MRI confirms bilateral 
endolymphatic hydrops and both ears present with symp-
toms such as hearing loss, tinnitus, and ear fullness [6]. 
All participants underwent gadolinium-enhanced inner 
ear magnetic resonance imaging (Gd-enhanced MRI) and 
Pure Tone Audiometry (PTA). And PTA tests were com-
pleted within three days before the MRI examination,

Exclusion Criteria Patients whose MRI images were 
of insufficient quality for assessing the degree of endo-
lymphatic hydrops, as well as those whose hearing loss 
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was too severe to yield responses to the PTA test, were 
excluded from the study.

Ethics
The ethical committee of the Eye and ENT Hospi-
tal at Fudan University granted approval for this study 
(#2,023,128). Given its retrospective nature and the 
absence of adverse effects on de-identified subjects, the 
requirement for patient consent forms was waived.

MRI protocol
Participants received an intravenous injection of a dou-
ble dose (0.4 ml/kg body weight) of Gd-HP-DO3A. Four 
hours following the injection, MRI scans were conducted 
using a 32-channel phased-array coil (Verio; Siemens 
Healthcare, Erlangen, Germany) exclusively for recep-
tion. Imaging utilized T2 SPACE and three-dimensional 
real inversion recovery (3D-real-IR) sequences, with 
parameters for the 3D-real-IR sequence set as follows: 
voxel size = 0.2 × 0.2 × 0.6 mm; scan duration = 15 min 
and 20 s; repetition time = 6000 ms; echo time = 181 ms; 
inversion time = 1850 ms; slice thickness = 0.6 mm; field 
of view = 160 × 160 mm; matrix size = 768 × 768.

PTA protocol
Pure Tone Audiometry (PTA) thresholds across all fre-
quencies (0.125–8 kHz) were assessed for participants. 

Affected ears demonstrated varying degrees of sensori-
neural hearing loss, with the mean pure tone thresholds 
at 0.5, 1, 2, and 4 kHz reflecting the average level of hear-
ing loss.

Data
Data collection
Air conduction hearing thresholds, at 0.125–8 kHz, were 
recorded for participants. The average thresholds at 125, 
250, and 500 Hz were considered as the low-frequency 
hearing level (LH), at 1 kHz and 2 kHz as the mid-fre-
quency hearing level (MH), and at 4 kHz and 8 kHz as 
the high-frequency hearing level (HH). The overall hear-
ing level (PA) was calculated from the average thresholds 
at 500 Hz, 1 kHz, 2 kHz, and 4 kHz. Additionally, par-
ticipants’ 3D-real-IR sequences of inner ear gadolinium-
enhanced MRI were collected.

Data evaluation

Grading of endolymphatic hydrops Based on the 3D-real-
IR sequence of inner ear gadolinium-enhanced MRI, coch-
lear hydrops (CL) was classified into four grades according 
to the criteria described by Gürkov et al. [17], as shown in 
Fig.  1, Grade 0: No expansion of the endolymphatic dark 
areas(1A); Grade I: The endolymphatic dark areas are 
round(1B); Grade II: The endolymphatic dark areas are 
semicircular(1C); Grade III: The endolymphatic dark areas 

Fig. 1 Illustrations of the Classification method of Cochlear Hydrops degree,1A: Grade 0—No visible cochlear hydrops, indicating normal cochlear 
condition.1B: Grade I—Mild cochlear hydrops, showing slight expansion of the endolymphatic space.1C: Grade II—Moderate cochlear hydrops, 
with significant enlargement of the endolymphatic compartment.1D: Grade III—Severe cochlear hydrops, characterized by extensive dilation 
of the endolymphatic space, indicative of advanced pathological changes
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are expanded and flattened, with the disappearance of the 
vestibular scale(1D). Vestibular hydrops (VL), as the crite-
ria proposed by Bernaerts et al. [18], was also classified into 
four grades as Fig.  2 indicated: Grade 0: The saccule and 
utricle are normal, their combined area is less than half of 
the vestibular region(2A); Grade I: The saccule is expanded 
with the saccule area ≥ utricle area, and the saccule/utricle 
ratio is inverted(2B); Grade II: The endolymphatic areas of 
the saccule and utricle are expanded, with their delineation 
becoming blurred or disappearing, yet the peripheral peri-
lymphatic high signal areas remain visible(2C); Grade III: 
The peripheral perilymphatic high signal areas are no longer 
visible, leaving only the endolymphatic dark areas(2D). The 
overall degree of c in the affected ear was represented by 
summing the grades of cochlear and vestibular hydrops.

Staging of Meniere’s disease The Meniere’s disease stag-
ing (MDS) for affected earswas determined based on the 
average hearing threshold at 0.5, 1.0, 2.0, and 4.0 kHz, as 
follows: Stage I: Average hearing threshold ≤ 25 dBHL; 
Stage II: Average hearing threshold 26–40 dBHL; Stage 
III: Average hearing threshold 41–70 dBHL; Stage IV: 
Average hearing threshold > 70 dBHL.

Statistical methods
The Spearman correlation coefficient was employed to 
analyze the relationship between the degree of endo-
lymphatic hydrops and hearing loss or the staging 
of Meniere’s disease. The differences in hearing loss 
between the affected ear with both vestibular and coch-
lear hydrops and that with isolated cochlear or vestibular 
hydrops within the same patient was analyzed by paired 
t-tests, and that of Meniere’s disease staging was ana-
lyzed by Wilcoxon signed-rank tests.

Results
Baseline
As shown in Table 1, 77 patients diagnosed with Bilateral 
Meniere’s Disease, encompassing 154 ears, were included 
in the study. The cohort had an average age of 50.9 years, 
comprising 44 males and 33 females. In terms of vestibu-
lar hydrops (VL), 27 ears were classified as Grade 0, 29 as 
Grade I, 85 as Grade II, and 13 as Grade III. For cochlear 
hydrops (CL), classifications were as follows: 13 ears at 
Grade 0, 66 at Grade I, 67 at Grade II, and 8 at Grade III. 
The overall degree of endolymphatic hydrops (EHL) was 
determined to be Grade I in 25 ears, Grade II in 27 ears, 
Grade III in 45 ears, Grade IV in 39 ears, Grade V in 16 
ears, and Grade VI in 2 ears.

Fig. 2 Illustrations of the Classification method of Vestibular Hydrops degree,2A: Grade 0—No evidence of vestibular hydrops, representing 
a normal vestibular appearance 2B: Grade I—Mild vestibular hydrops, with slight distension of the saccule.2C: Grade II: The endolymphatic areas 
of the saccule and utricle are expanded, with their delineation becoming blurred or disappearing, yet the peripheral perilymphatic high signal areas 
remain visible. 2D: Grade III: The peripheral perilymphatic high signal areas are no longer visible, leaving only the endolymphatic dark areas
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Table  1 details the distribution of male and female 
patients (44 males and 33 females), the average age (51 
years), the classification of vestibular hydrops (VL) and 
cochlear hydrops (CL) into grades 0 to 3, and the overall 
degree of endolymphatic hydrops (EHL) categorized into 
grades 1 to 6. Additionally, the overall hearing level (PA) is 
presented with a 95% confidence interval (46.4 dB [95% 
CI: 43.5–49.3]).

Audiometric findings relative to hydrops severity
From Table  2, it was observed that hearing thresholds 
across all frequencies progressively elevated with the 
advancement of vestibular and cochlear hydrops in the 
affected ears. Specifically, in cases where the vestibular 
hydrops in the affected ear was graded from 0 to 3, the 
average PA( the mean pure tone thresholds at 0.5, 1, 2, 
and 4 kHz) values for affected ears were 37 dB, 40 dB, 53 
dB, and 61 dB, respectively. Correspondingly, for coch-
lear hydrops levels from 0 to 3, the average PA values for 
affected ears were 38 dB, 43 dB, 52 dB, and 68 dB, respec-
tively. Based on Fig. 3, it is evident that as the severity of 
hydrops increases, there is a significant decline in hearing 
sensitivity, highlighting the progressive impact of endo-
lymphatic hydrops on auditory function.

Table 2 presents the hearing thresholds at different fre-
quencies (125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 
and 8 kHz) according to the grades of vestibular and 

cochlear hydrops. The low-frequency hearing level (LH), 
the mid-frequency hearing level (MH), the high-fre-
quency hearing level (HH), and the overall hearing level 
(PA) for vestibular hydrops grades (VL = 0 to VL = 3) and 
cochlear hydrops grades (CL = 0 to CL = 3).

Impact of endolymphatic hydrops site on hearing loss
The analysis included 30 patients with varying numbers 
of endolymphatic hydropic sites in bilateral ears. Among 
these, 30 ears exhibited both vestibular and cochlear 
hydrops, 9 ears exhibited isolated vestibular hydrops, 
and 21 ears exhibited isolated cochlear hydrops. Hearing 
thresholds of bilateral ears within the same patient were 
compared using a paired t-test. As shown in Table 3, ears 
with hydrops in both the cochlea and vestibule exhibited 
more severe hearing loss compared to those with isolated 
hydrops ( cochlear or vestibular hydrops) in the same 
patient. It was found that ears exhibiting both vestibular 
and cochlear hydrops demonstrated an average low-fre-
quency hearing threshold difference of 17 dB(95%CI 8-26 
dB), a mid-frequency difference of 13 dB(95%CI 4-22 dB), 
a high-frequency difference of 10 dB(95%CI 1-20 dB), and 
a PA threshold difference of 14 dB(95%CI 5-23 dB), with 
all p-values less than 0.05. Additionally, the Meniere’s 
Disease (MD) staging of bilateral ears was compared 
using a paired Wilcoxon test, revealing a statistically sig-
nificant difference (p < 0.05, z = 2.973), indicating more 
severe MD staging in ears with both vestibular and coch-
lear hydrops compared to ears with isolated hydrops. 

Table  3 compares the low-frequency hearing level 
(LH), the mid-frequency hearing level (MH), the high-
frequency hearing level (HH), the overall hearing level 
(PA), and the staging of Meniere’s disease (MDS), 
between one ear with both vestibular and cochlear 
hydrops versus the other with isolated hydrops in the 
same patient. The differences (d), p-values (p), and 95% 
confidence intervals (95%CI) are provided, demonstrat-
ing statistically significant differences in the severity of 
hearing loss and MDS between the two groups.

Table 1 This table summarizes the demographic and clinical 
characteristics of the study cohort

Male/Female 44/33

Age 51

VL(0/1/2/3) 27/29/85/13

CL(0/1/2/3 13/66/67/8

EHL(1/2/3/4/5/6) 25/27/45/39/16/2

PA 46.4 dB(95%CI[43.5–49.3])

Table 2 The hearing thresholds of different grades of vestibular and cochlear hydrops

125 250 500 1 k 2 k 4 k 8 k LH MH HH PA

VL = 0 33 34 35 35 36 43 51 34 35 47 37

VL = 1 32 35 36 36 39 48 59 34 38 53 40

VL = 2 44 48 51 51 51 57 67 48 51 62 53

VL = 3 51 55 60 63 58 62 73 56 60 67 61

CL = 0 34 36 36 38 35 40 47 35 37 43 38

CL = 1 34 37 39 41 43 51 61 37 42 56 43

CL = 2 45 48 51 51 50 57 68 48 51 63 52

CL = 3 66 70 73 69 64 64 69 70 67 67 68
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Correlations between endolymphatic hydrops severity 
and audiological outcomes
Cochlear endolymphatic hydrops and hearing loss
As indicated in Table  4. A significant correlation was 
identified between the severity of cochlear hydrops and 
hearing threshold levels across all frequencies, with 
all p-values less than 0.05. The correlation was most 
pronounced with low-frequency average hearing lev-
els (0.15–0.50 kHz) (r = 0.462, p < 0.05), and least pro-
nounced with high-frequency average hearing levels (4-8 

kHz) (r = 0.261, p < 0.05). Significant correlations were 
also observed with the PA (0.5-4 kHz) (r = 0.383) and 
Meniere’s disease staging (MDS) (r = 0.307).

Table 4 outlines the Spearman correlation coefficients 
(r) and p-values (p) assessing the relationship between 
the degree of cochlear hydrops(CL) and hearing loss 
across various frequencies (125 Hz to 8 kHz), also includ-
ing low-frequency (LH), mid-frequency (MH), high-
frequency (HH) hearing levels, the overall hearing level 
(PA), and he degree of CL and Meniere’s disease staging 
(MDS). Significant correlations indicate a strong rela-
tionship between CL and hearing impairment across all 
tested frequencies and MDS.

Vestibular endolymphatic hydrops and hearing loss
As indicated in Table  5, significant correlation was 
noted between the severity of vestibular hydrops and 
hearing threshold levels across all frequencies, with all 
p-values less than 0.05. The strongest correlation was 
observed with low-frequency average hearing levels 
(0.15–0.50 kHz) (r = 0.468, p < 0.05), and the weakest 

Fig. 3 Audiometric Curves for Different Degrees of Endolymphatic Hydrops

Figure 3 displays average hearing thresholds (dB HL) across frequencies (125–8000 Hz) for varying degrees of endolymphatic hydrops. The curves 
represent vestibular (VL) and cochlear (CL) hydrops from degrees 0 to 3. As hydrops severity increases, there is a notable decline in hearing 
sensitivity. These patterns emphasize the progressive impact of endolymphatic hydrops on auditory function

Table 3 The hearing level of the ears with different 
endolymphatic hydrops site

d p 95%CI

LH 17 dB 0.002 (8 -26)

MH 13 dB 0.003 (4–22)

HH 10 dB 0.02 (1–20)

PA 14 dB 0.002 (5–23)

MDS / 0.003 /

Table 4 The relationship between the degree of cochlear hydrops and hearing loss

125 250 500 1 k 2 k 4 k 8 k LH MH HH PA MDS

r 0.433 0.453 0.443 0.379 0.316 0.242 0.252 0.462 0.368 0.261 0.383 0.307

p 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.000 0.000 0.001 0.000 0.000
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with high-frequency average hearing levels (4-8 kHz) 
(r = 0.314, p < 0.05). Significant correlations were further 
noted with PA (0.5-4 kHz) (r = 0.464) and Meniere’s dis-
ease staging (MDS) (r = 0.436).

Table  5 details the Spearman correlation coefficients 
(r) and p-values (p) evaluating the association between 
the degree of vestibular hydrops(VL) and hearing loss at 
different frequencies (125 Hz to 8 kHz), also encompass-
ing including low-frequency (LH), mid-frequency (MH), 
high-frequency (HH) hearing levels, the overall hear-
ing level (PA). And the association between the CL and 
Meniere’s disease staging (MDS). Significant correlations 
indicate strong relationships between VL and hearing 
impairment and MDS.

The overall endolymphatic hydrops and hearing loss
As shown in Table 6, significant correlation was estab-
lished between the comprehensive degree of endolym-
phatic hydrops and hearing threshold levels across all 
frequencies, with all p-values less than 0.05. The most 
substantial correlation was with low-frequency aver-
age hearing levels (0.15–0.50 kHz) (r = 0.571, p < 0.05), 
and the least substantial with high-frequency aver-
age hearing levels (4-8 kHz) (r = 0.351, p < 0.05). Sig-
nificant correlations were also seen with PA (0.5-4 
kHz) (r = 0.522) and Meniere’s disease staging (MDS) 
(r = 0.463).

Table 6 presents the Spearman correlation coefficients 
(r) and p-values (p) illustrating the correlation between 
the overall degree of endolymphatic hydrops (EHL) and 
hearing loss at various frequencies (125 Hz to 8 kHz), 
also including assessments of low-frequency (LH), mid-
frequency (MH), high-frequency (HH) hearing levels, the 
overall hearing level (PA). And the association between 
the EHL and Meniere’s disease staging (MDS). Statisti-
cally significant correlations underscore the profound 
impact of EHL on hearing across and MDS.

Discussion
This study was undertaken to elucidate the associa-
tion between the features of endolymphatic hydrops 
and hearing loss in patients diagnosed with Bilateral 
Meniere’s Disease (BMD), a disorder that significantly 
undermines the quality of life through bilateral vestibu-
lar dysfunction and hearing loss. The findings from our 
investigation revealed a robust correlation between the 
severity of the overall endolymphatic hydrops, cochlear 
hydrops, and vestibular hydrops in bilateral Meniere’s 
disease with hearing loss across all frequencies, particu-
larly pronounced in the low to mid-frequency ranges. 
Existing literature on the correlation between the severity 
of endolymphatic hydrops and hearing loss has yielded 
inconsistent results. While a consensus exists among sev-
eral studies that the severity of cochlear and vestibular 
hydrops is correlated with hearing loss [12, 13, 19–22], 
this concurs with our findings. However, certain stud-
ies posit that the severity of vestibular hydrops bears no 
relation to the extent of hearing loss [10, 11], a conclu-
sion at odds with our findings. Such disparities may be 
attributable to the limited sample sizes in various studies, 
individual variances among patients, and the disparities 
in MRI imaging techniques and grading methodolo-
gies for vestibular and cochlear hydrops across different 
clinical settings [22]. For example, disparities in cochlear 
hydrops grading methods were noted to produce varied 
correlation coefficient with hearing loss [14].Moreover, 
other studies did not distinguish between unilateral and 
bilateral Ménière’s disease in their included patients. 
Therefore, in future research, we will use the same meth-
odology to evaluate the relationship between endo-
lymphatic hydrops characteristics and hearing loss in 
unilateral Ménière’s disease.

This study found that the severity of bilateral Meniere’s 
Disease (MD) endolymphatic hydrops and MD stag-
ing are correlated, which partially diverges from the 

Table 5 The relationship between the degree of vestibular hydrops and hearing loss

125 250 500 1 k 2 k 4 k 8 k LH MH HH PA MDS

R 0.393 0.453 0.495 0.482 0.368 0.304 0.277 0.468 0.455 0.314 0.464 0.436

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table 6 The relationship between the degree of overall endolymphatic hydrops and hearing loss

125 250 500 1 k 2 k 4 k 8 k LH MH HH PA MDS

R 0.503 0.555 0.579 0.532 0.418 0.333 0.324 0.571 0.508 0.351 0.522 0.463

P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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conclusions of the study [23]. That study posited that tra-
ditional MD staging does not correlate with the degree 
of endolymphatic hydrops (EH) visible on MRI, although 
advanced staging of MD may indicate increased severity 
of cochlear and vestibular EH.

Furthermore, it was observed that from Table 3, within 
the same patient, ears afflicted with both vestibular and 
cochlear hydrops manifested more severe hearing loss 
and MD staging compared to those with isolated coch-
lear hydrops or vestibular hydrops, particularly in LH, 
suggesting that isolated vestibular or cochlear hydrops 
may represent an earlier stage of the disease. Previous 
study [24] has suggested that isolated hydrops in the 
affected ear results in milder hearing loss. Our study, 
by comparing different affected ears within the same 
patient, further substantiates this finding. Early manage-
ment of the disease at the stage of isolated hydrops may 
improve patient outcomes. This underscores the impor-
tance of continuous follow-up in clinical practice for 
such patients to monitor disease progression and identify 
influencing factors.

The novelty of our study lies in its focus on BMD to 
enhance the extant body of evidence on the correla-
tion between the severity of endolymphatic hydrops 
and hearing loss in bilateral Meniere’s disease, which 
provided BMD data to the existing literature. Moreo-
ver, a distinguishing feature of our study is the employ-
ment of novel methodologies for determining the grades 
of cochlear and vestibular hydrops. Utilizing the latest  
grading method proposed by Gürkov et al. [17] for coch-
lear hydrops, which classifies the condition into grades 0 
through 3, which demonstrated the highest correlation 
with the degree of hearing loss in this study compared 
other grades methods [14]. For vestibular grading, fol-
lowing the criteria outlined by BERNAERTS et  al. [18], 
vestibular hydrops was categorized into grades 0 through 
3, with grade 1 identified as saccular expansion surpass-
ing the utricle’s area, thereby facilitating the early diag-
nosis of vestibular hydrops [25]. The findings from our 
study underscored a strong correlation between the 
severity of vestibular hydrops and hearing loss, thereby 
validating the scientific robustness of the grading method 
mentioned above. Finally, by amalgamating the grades 
of vestibular and cochlear hydrops, the overall severity 
of endolymphatic hydrops in the affected ear was repre-
sented. It was concluded that the aggregate severity of 
hydrops, encompassing both endolymphatic and coch-
lear hydrops, exhibited a stronger correlation with hear-
ing loss. This suggests that such an approach enhances 
the accuracy in assessing the correlation between endo-
lymphatic hydrops and hearing loss, considering the 
impact of both vestibular and cochlear involvement on 
hearing.

The limitations of this study include its reliance on spe-
cific imaging techniques (3D-real-IR [8]) for assessing 
endolymphatic hydrops, which may not be universally 
accessible or standardized across healthcare facilities. 
The 3D-FLAIR [7] and HYDROPS [9] MRI imaging tech-
niques are also methods for visualizing endolymphatic 
hydrops. The integration of radiomic features extracted 
from conventional T2-weighted MRI scans has shown 
promise in the diagnosis of Menière’s disease through a 
multi-layer perceptron classification model [26] There-
fore, MRI can aid in the differential diagnosis of symp-
toms similar to those of Meniere’s syndrome. Future 
research should endeavor to standardize imaging pro-
tocols for the diagnosis of endolymphatic hydrops and 
conduct prospective studies to gain a more comprehen-
sive understanding of the progression of BMD and the 
factors influencing hearing loss. Such endeavors aim to 
refine treatment modalities for patients afflicted with this 
condition. In this study, PTA tests were completed within 
three days before the MRI examination, and no diuretic 
treatment was administered before the above examina-
tions. This ensures the reliability of our study results. 
However, since this is a retrospective study, information 
regarding the patients’ previous use of diuretics was not 
considered, which could potentially affect the study out-
comes. Therefore, future prospective studies may con-
sider analyzing patients at their initial visit to enhance 
the credibility of the research. Prospective cohort stud-
ies are still needed to explore whether the hearing levels 
in the same patient change with variations in the degree 
of endolymphatic hydrops. Additionally, future studies 
should examine the relationship between the summation 
potential (SP) from electrocochleography and the degree 
of endolymphatic hydrops.

Future research should evaluate the functional perfor-
mance of patients using the matrix sentence test, espe-
cially for those with bilateral Ménière’s disease. This test 
is essential for assessing hearing performance in noisy 
environments. Patients with bilateral hearing loss may 
face greater difficulties, exacerbated by different audio-
metric curve morphologies. Additionally, considering 
the use of hearing aids in these patients might improve 
listening performance in challenging acoustic environ-
ments [27]. This approach could provide valuable insights 
for the management of bilateral Ménière’s disease.

In conclusion, the findings of this research into the 
correlation between the characteristics of endolym-
phatic hydrops and hearing loss in BMD contribute 
to an enhanced comprehension of the syndrome, par-
ticularly by focusing on the distinct clinical features of 
BMD. This lays the foundation for subsequent research 
directed at improving the quality of life for those 
affected by this debilitating condition.
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Conclusion
The degree of endolymphatic hydrops in affected ears 
of patients with Bilateral Meniere’s Disease was found 
to correlate with the severity of hearing loss and the 
staging of Meniere’s disease. The degree of endolym-
phatic hydrops positively correlated with hearing loss 
across all frequencies, with the strongest correlation 
observed in low-frequency hearing loss and the weak-
est in high-frequency hearing loss, and the overall 
degree of endolymphatic hydrops and hearing loss has 
the strongest correlation between hearing loss. Patients 
with both vestibular and cochlear hydrops exhibited 
more severe hearing loss and staging of MD than those 
with isolated hydrops.
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