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Abstract

Background: This study aimed to clarify the prognosis of asymptomatic endolym-

phatic hydrops (EH) in healthy volunteers via five-year follow-ups with inner ear mag-

netic resonance imaging (MRI).

Methods: Inner ear MRI was performed on 115 participants recruited as controls in a

previous study on Meniere's disease. The endolymphatic space was visualized using

Naganawa's method of contrast-enhanced MRI with intravenous gadolinium injection

and evaluated using Nakashima's method of 2D imaging analysis.

Results: Cochlear or vestibular EH was present in 7.0% of participants (n = 8), with

all cases being unilateral (laterality), moderate (severity), and asymptomatic (onset).

Only cochlear-localized EH, only vestibular-localized EH, and both EH were present

in 1.7% (n = 2) (C group), 4.3% (n = 5) (V group), and 0.9% (n = 1) (CV group) of par-

ticipants, respectively. Conducting inner ear MRI after 5 years showed that EH had

almost disappeared in two participants in the C and V groups (4/8, 50.0%). EH was

still present in three participants in the V group and one in the CV group (4/8,

50.0%). One participant in the V group and another in the CV group presented with

residual inner ear EH and developed typical symptomatic Meniere's disease

(2/8, 25.0%).

Conclusions: Approximately 7% of healthy participants showed asymptomatic

EH. Therefore, EH is not the definitive marker for making a diagnosis of Meniere's

disease or the suitable predictor for the development of Meniere's disease. Among

these participants, 25% maintained EH and subsequently developed typical Meniere's

disease within the next 5 years. Schellong-positive participants maintained persistent
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EH in the inner ear, and participants with higher scores on the self-rating depression

scale developed Meniere's symptoms after 5 years.

Level of evidence: 2a

K E YWORD S

asymptomatic endolymphatic hydrops, autonomic nervous dysregulation, depression, healthy
controls, inner ear gadolinium-enhanced MRI, Meniere's disease

1 | INTRODUCTION

Meniere's disease (MD) is characterized by repeated symptoms of

rotatory vertigo attacks, sensorineural hearing loss, and tinnitus.1 In

1938, the otopathology of MD was first revealed as endolymphatic

hydrops (EH) by Dr. Yamakawa2 and Dr. Hallpike3 through temporal

bone studies. Since then, EH has been considered a histological

marker of MD,4 and several neuro-otologic examinations, such as the

glycerol test,5,6 electrocochleogram,6,7 and furosemide test,8 have

been established to diagnose EH.

In 2007, the otopathology of MD was first demonstrated by

Nakashima and Naganawa,9 who used delayed enhancement mag-

netic resonance imaging (MRI) after a transtympanic gadolinium injec-

tion. Since then, the intravenous injection of gadolinium with delayed

acquisition of MRI sequences has permitted the visualization and clas-

sification of EH.10,11 By using this technique, the Nara Medical Uni-

versity group revealed for the first time in 2016 that the EH-positive

ratios in patients with definite MD were significantly higher than

those in the control participants,12 followed by the findings of the

Nagoya University group in 2018.13

EH is considered an essential and reliable diagnostic tool for cer-

tain MD by the American Academy of Otolaryngology-Head and Neck

Surgery in 199514 and by the Japan Society for Equilibrium Research

in 2021.15 However, histopathological4 and imaging reports12 showed

some cases of asymptomatic EH. The present study aimed to clarify

the prognosis of asymptomatic EH in healthy volunteers via 5-year

follow-ups with inner ear MRI.

2 | MATERIALS AND METHODS

2.1 | Participants

Healthy human volunteers were originally recruited in the previous

MD study as controls12,16 and those with asymptomatic EH were

picked up in this 5-year cohort one. Subjects with vertigo, hearing

loss, middle or inner ear diseases, cranial disease, head trauma, renal

disease, heart disease, or gadolinium allergy were excluded. This study

was approved by the Medical Ethics Committee of Nara Medical Uni-

versity Hospital (certificate number: 0889). Written informed consent

was obtained from all the subjects, and this study was performed in

compliance with the Declaration of Helsinki.

A total of 115 subjects aged 20–83 years (mean age: 55.6 years)

were enrolled in this study. Among these, 51 were men and 64 were

women. They underwent the first inner ear MRI in a previous study

on MD between May 2014 and April 2020 (Table 1). Those with posi-

tive EH results were scheduled to undergo a second imaging exam

5 years later (Table 2).

2.2 | Inner ear MRI

Naganawa et al. used MRI to show that the 4 h after the intravenous

injection of Gd is a tool for imaging EH.10,11 Briefly, in the current

study, MRI measurements were performed 4 h after intravenous

administration of a single dose (0.2 mL/kg or 0.1 mmol/kg body

weight) of Gd-labeled diethylenetriaminepentaacetic acid bis-

methylamide (Magnescope; Guerbet, Tokyo, Japan). Imaging was per-

formed on a 3 T MRI unit (MAGNETOM Verio; Siemens, Erlangen,

Germany) by using a 32-channel array head coil. Special sequences for

the differentiation of endolymphatic and perilymphatic fluids were

adopted as proposed by Naganawa et al.10,11

All patients underwent the following: heavily T2-weighted

(hT2W) MRI cisternography as an anatomical reference for the total

lymph fluid; hT2W 3D fluid-attenuated inversion recovery sequences

with an inversion time of 2250 ms, resulting in positive perilymph

images (PPIs); and hT2W 3D inversion recovery with an inversion

time of 2050 ms, resulting in positive endolymph images (PEIs). After

acquiring these images, we obtained a hybrid of the reversed image of

the positive endolymph signal and the negative image of the positive

perilymph signal after motion correction by subtracting PEI from PPI,

as proposed by Naganawa et al.10,11 This protocol estimated pixels

with negative values to represent the EH.

2.3 | MRI evaluation

Two otolaryngologists who were blinded to the patients' clinical pro-

gress evaluated the MRI findings. If the evaluations differed, a third

otolaryngologist made the final decision. The cochlear and vestibular

EH degree was classified as none, mild, or significant according to the

criteria reported by Nakashima et al.9 An axial slice near the modiolus

was used to evaluate the cochlear EH. To evaluate the vestibular EH,

one axial slice that displayed the vestibule to the maximum extent
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was adopted, but the ampulla of the semicircular canal was excluded

from the evaluation.

Patients with no EH in the cochlea did not show Reissner's mem-

brane displacement. Patients with mild cochlear EH showed displace-

ment of the Reissner's membrane, but the area of the endolymphatic

space did not exceed that of the scala vestibule. In patients with sig-

nificant cochlear EH, the endolymphatic space area exceeded that of

the scala vestibule. A higher grade was assigned when the EH grade

differed between the basal and upper turns of the cochlea. In the ves-

tibule, grading was determined from the ratio of the area of the endo-

lymphatic space to that of the vestibular fluid space. Patients with no,

mild, and significant EH in the vestibule had a ratio of ≤1:3, 1:3 to 1:2,

and >1:2. In the present study, mild and significant EH were defined

as “positive.”

2.4 | Schellong test

All participants with positive EH on the first inner ear MRI under-

went the Schellong test at the time of the second MRI after

5 years. Daily autonomic status can be easily measured in the clinic

using the Schellong test to check changes in blood pressure (BP) or

pulse rate (PR) as patients stand up from the supine position. A

positive range was defined as systolic BP decrease >21 mmHg

and/or PR increase >21 beats/min before and immediately after

standing.17

2.5 | Self-rating depression scale (SDS) scoring

All participants with positive EH on the first inner ear MRI completed

questionnaires on the SDS at the time of the second MRI 5 years

later. Patients with SDS scores >40 (possible range 20–80) were clas-

sified as having depression. As seen in Table 3, the SDS comprises

10 positively and 10 negatively worded items that inquire about the

symptoms of depression. These scores were used to define the fol-

lowing categories of depression: not having significant depression

(≤40 points) and having significant depression (≥41 points). The SDS

has been translated into Japanese, and its validity in the Japanese ver-

sion has been confirmed.18

TABLE 1 Characteristics of the 8 healthy participants with asymptomatic endolymphatic hydrops (EH) at the first inner ear magnetic
resonance imaging.

First MRI Age Gender Coch sympt Vest sympt EH laterality CochEH VestEH AveHL Schellong SDS Figures

Case-1 40 Female No No R + ➖ N/A N/A N/A Figure 1A

Case-2 42 Female No No L + ➖ N/A N/A N/A

Case-3 44 Male No No L ➖ + N/A N/A N/A

Case-4 48 Male No No R ➖ + N/A N/A N/A Figure 1B

Case-5 52 Male No No R ➖ + N/A N/A N/A Figure 1C

Case-6 50 Female No No L ➖ + N/A N/A N/A

Case-7 55 Female No No L ➖ + N/A N/A N/A Figure 1D

Case-8 46 Male No No R + + N/A N/A N/A Figure 1E

Abbreviations: aveHL: four-tone-averaged hearing levels; cochEH: cochlear endolymphatic hydrops; Coch symptoms: cochlear symptoms; EH laterality:

laterality of endolymphatic hydrops; Schellong: Schellong test; SDS: self-rating depression scale; vestEH: vestibular endolymphatic hydrops; vest

symptoms: vestibular symptoms.

TABLE 2 Characteristics of the same eight participants as in Table 1 at the second inner ear magnetic resonance imaging.

Second MRI Age Gender Vest sympt Coch sympt EH laterality CochEH VestEH AveHL Schellong SDS Figures

Case-1 45 Female No No R ➖ ➖ N/A + 40 Figure 1A0

Case-2 47 Female No No L ➖ ➖ N/A ➖ 35

Case-3 49 Male No No L ➖ ➖ N/A ➖ 50

Case-4 53 Male No No R ➖ ➖ N/A ➖ 40 Figure 1B0

Case-5 57 Male No No R ➖ + N/A + 48 Figure 1C0

Case-6 55 Female No No L ➖ + N/A + 42

Case-7 60 Female Yes Yes L ➖ + 18.8 + 69 Figures 1D0 and 2A

Case-8 51 Male Yes Yes R + + 28.8 + 55 Figures 1E0 and 2B

Abbreviations: aveHL, four-tone averaged hearing levels; cochEH, cochlear endolymphatic hydrops; Coch symptoms, cochlear symptoms; EH laterality,

laterality of endolymphatic hydrops; Schellong, Schellong test; SDS, self-rating depression scale score; vestEH, vestibular endolymphatic hydrops; vest

symptoms, vestibular symptoms.
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2.6 | Statistical analysis

Fisher's exact and Mann–Whitney U tests were used in this study.

Statistical significance was set at p < .05. All statistical analyses were

performed using SPSS version 25.0 software (IBM Inc., Armonk,

NY, USA).

3 | RESULTS

Among the 115 participants who underwent inner ear MRI, either

cochlear or vestibular EH was present in 7.0% (n = 8), and all cases

were unilateral (laterality), moderate (severity), and asymptomatic

(onset) (Table 1 and Figure 1A–E). Only cochlear-localized EH was

present in 1.7% (n = 2) (C group), only vestibular-localized EH in 4.3%

(n = 5) (V group), and both EH in 0.9% (n = 1) (CV group).

Five years later, by using inner ear MRI again, EH almost disap-

peared in two participants in the C group and two participants in the

V group (the EH reduction group) (4/8, 50.0%) (Table 2 and

Figure 1A0–E0). EH was still present in three participants in the V

group and one in the CV group (the persistent EH group) (4/8, 50.0%).

One participant belonging to the V group and another belonging to

the CV group presented with residual inner ear EH and developed

typical symptomatic types of Meniere's (the EH/MD developed group)

(2/8, 25.0%) (Figure 2).

Schellong tests were performed on all eight patients only once

during the second MRI after 5 years (Table 2). In this examination,

5 showed positive results (5/8, 62.5%): 1 positive out of 4 in the EH

reduction group (1/4:25.0%), 3 positive out of 4 in the persistent

EH group (3/4:75.0%), and 2 positive out of 2 in the EH/MD devel-

oped group (2/2:100.0%). The OD positivity rates were relatively

higher in the persistent EH group than in the EH reduction group

(Fisher's exact test: p = 0.07). The OD-positive rates were almost the

same in the EH/MD group as in the other groups (Fisher's exact

test: p = .36).

SDS scoring questionnaires were administered to all 8 patients

only once during the second MRI after 5 years (SDS scores: range 35–

69, median 45.0) (Table 2). The SDS scores were relatively higher in

the persistent EH group than in the EH reduction group (Mann–

Whitney U test, p = .08). The SDS scores were significantly higher in

the EH/MD group than in the other groups (Mann–Whitney

U test: p = .04).

4 | DISCUSSION

First of all, we would like to discuss the controversial relationships

between EH and MD. In our previous study of the inner ear MRI, it

was revealed that EH could be detected in 80% and not detected in

20% of clinically diagnosed definite MD.12 In the present study, EH

could also be detected in 7% and not detected in 93% of healthy vol-

unteers with no audiovestibular symptoms. By comparing the EH pos-

itive rates between these two studies, it is no doubt that the inner ear

MRI could be one of the most reliable exams to make definite diagno-

sis as MD. However, the previous Harvard temporal bone study also

reported that EH is detected in some cases with non-MD,4 resulting

in the supportive data for the present inner ear MRI study. Therefore,

EH might not be the definitive marker for a certain diagnosis as

MD. Okuno et al. reported in their Pittsburgh temporal bone study

that EH is most frequently detected in otolithic organs in MD.19 Noij

et al. focused on functional abnormality in vestibular evoked myo-

genic potentials (VEMP)20 and Bachinger et al. insisted on radiological

hypoplasia of vestibular aqueduct21 as predictors of bilateralization in

unilateral MD. van der Lubbe et al. concluded in their review article

that asymptomatic EH should be individually evaluated by not only

detailed inner ear images but also various kinds of neuro-otologic

exams during long-term follow-ups.22 Nowadays, as neuroscientific

relationships between EH and MD have not elucidated yet, hydropic

ears, regardless of accompanied symptoms, should be treated mod-

estly not as a definitive marker of MD but as an epiphenomenon of

MD. When asymptomatic EH is detected, it should be better to take

inner ear images together with various kinds of neuro-otologic exams

for predicting the subsequent onset during long-term follow-ups. At

least from the present study, it can be said that �25% of cases with

asymptomatic EH who never developed symptoms before could have

Meniere's symptoms within the next 5 years. Further studies with

much more cases and much more detailed audiovestibular exams are

needed.

TABLE 3 Self-rating depression scale (SDS).

1. I feel downhearted and blue.

2. Morning is when I feel the best.

3. I have crying spells or feel like it.

4. I have trouble sleeping at night.

5. I eat as much as I used to.

6. I still enjoy sex.

7. I notice that I am losing weight.

8. I have trouble with constipation.

9. My heart beats faster than usual.

10. I get tired for no reason.

11. My mind is as clear as it used to be.

12. I find it easy to do the things I used to.

13. I am restless and can't keep still.

14. I feel hopeful about the future.

15. I am more irritable than usual.

16. I find it easy to make decisions.

17. I feel that I am useful and needed.

18. My life is pretty full.

19. I feel that others would be better off if I were dead.

20. I still enjoy the things I used to do

Note: SDS is a short self-administered survey to quantify the depressed

status of a patient. There are 20 items on the scale that rate the four

common characteristics of depression: the pervasive effect, the

physiological equivalents, other disturbances, and psychomotor activities.

There are 10 positively worded and 10 negatively worded questions. Each

question is scored on a scale of 1–4 (a little of the time, some of the time,

good part of the time, most of the time). The scores range from 25 to 100:

25–49, normal range; 50–59, mildly depressed; 60–69, moderately

depressed; 70 and above, severely depressed.
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In the present study, 8 out of 115 healthy volunteers, that is,

�7% of normal participants, showed unilateral asymptomatic EHs on

inner ear MRI. We should keep this rate of false-positive findings in

mind when using inner ear MRI12,16 and consider accompanying inner

ear symptoms in diagnosing MD. EHs in 4 of the above 8 false posi-

tives remained unchanged, and EHs in 2 of these 4 participants

F IGURE 1 Representative participants with asymptomatic endolymphatic hydrops (EH) at the first inner ear magnetic resonance imaging
(MRI) (A–E) and changes in the EH at the second inner ear MRI (A0–E0). Compared with the inner ear defects of 8 participants with asymptomatic
EHs on the first MRI (A–E), EH almost disappeared in participants A0 (Case-1 in Tables 1 and 2) and B0 (Case-4 in Tables 1 and 2) 5 years later. EH
persisted in participants C0 (case-5 in Tables 1 and 2), D0 (Case-7 in Tables 1 and 2), and E0 (Case-8 in Tables 1 and 2) 5 years later. Participant C0

showed no symptoms of Meniere's disease, but participants D0 and E0 developed typical symptoms of Meniere's disease. White arrowheads
indicated EH in figures at the first inner ear MRI.
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developed symptoms within the next 5 years. The two participants

with unchanged asymptomatic EHs may indicate their own physiologi-

cal endolymphatic space and the other two who developed symptom-

atic EHs may imply the preliminary stage of MD at the first MRI. The

possibility of the asymptomatic EHs detected using inner ear MRI

from disappearing, remaining with no symptoms, and developing into

Meniere's symptoms may be 50.0%, 25.0%, and 25.0% within the next

5 years, respectively. Recently, 3D quantitative analysis of the ratios

of endolymphatic space volume out of total inner ear fluid space vol-

ume (ELS%) was used to diagnose MD, resulting in an accurate evalua-

tion method of >27.5% in the vestibule, >16.2% in the cochlea, and

>18.8% in the semicircular canals with a sensitivity of 0.84 and speci-

ficity of 0.92 (area under the curve: 0.88).23 Further inner ear MRI

research is needed to assess the quantitative relationship between

symptom onset and ELS% in patients with MD.

The detailed mechanisms of EH generation and the onset of MD

remain unknown. MD occurs specifically in white-collar workers in

developed nations, that is, civilization is menierization, and psycho-

genic rather than physical stress may have a greater influence on inner

ear pathology in MD.24 Additionally, MD showed significant positive

correlations with EH volume and stress level under psychological dis-

tress.25 In the present study, we confirmed that Schellong-positive

participants tended to maintain persistent EHs in the inner ear and

that participants with higher scores on the SDS developed Meniere's

symptoms 5 years later. Basic studies in rodents26–28 and human29–31

revealed that the dysregulation of adrenergic and vasopressinergic

cells in the inner ear might collapse the inner ear fluid homeostasis,

resulting in the production of EH. Overall, these results suggest that

long-term autonomic system dysfunction can generate EH, and subse-

quent psychogenic stress in mental disorders could develop into the

onset of MD.

This study had some limitations. The total number of participants

with asymptomatic EH was small, and none of them underwent any

other otology/neurotology examinations at the first visit, according to

previous study designs.12,16 Schellong tests and SDS scoring question-

naires were also performed just at the time of the second MRI and

might not explain the conditions of the autonomic nervous system and

mental stability during this five-year study. Future progress in magnetic

resonance and MRI software quality is needed to clarify the neuroscien-

tific relationships between psychogenic stress, EH, and MD.

5 | CONCLUSION

EH is not the definitive marker for making a diagnosis as MD because

7% of healthy participants showed asymptomatic EH by means of the

present inner ear MRI study. EH is not a suitable predictor for

the development of MD because 75% of healthy participants with

asymptomatic EH showed no audiovestibular symptoms in the next

5 years by means of the present 5-year cohort study. Asymptomatic

EH might lead to the onset of Meniere's symptoms through an auto-

nomic imbalance and/or mental distress thereafter.

F IGURE 2 Pure tone audiometry charts in developed participants 7 (A) and 8 (B). Two patients with asymptomatic endolymphatic hydrops
(EH) developed typical symptomatic Meniere's disease (MD), resulting in unilateral low-tone sensorineural hearing loss (SNHL). (A) Case-7

(Tables 1 and 2): This patient presented with left asymptomatic EH 5 years ago and developed left MD with repeated vertigo and left low-tone
SNHL. (B) Case-8 (Tables 1 and 2): This patient presented with right asymptomatic EH 5 years ago and developed right MD with repeated vertigo
and right low-tone SNHL.
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