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ABSTRACT

Meniere’s disease (MD) characteristically presents with endolymphatic hydrops (EH), which can be 
visualized with gadolinium-enhanced inner ear magnetic resonance imaging (MRI). Inner ear membrane 
rupture has been suspected to cause MD attacks, but this remains controversial. We report a case of 
MD coincidentally evaluated the EH using 3-Tesla MRI during a vertigo attack. A 78-year-old man with 
bilateral definite MD visited the hospital outpatient department due to a vertigo attack. To evaluate of 
endolymphatic hydrops on the attack, inner ear MRI was obtained 4 hours after intravenous injection of 
gadolinium agent. Vestibular EH in each ear occupied almost all vestibular endolymphatic space in contact 
with the oval window and herniated into the horizontal semi-circular canal. The endolymphatic space was 
enlarged, without collapse or mixture of contrast agent. No difference was found between ears. EH on a 
vertigo attack was associated with significant swelling, without obvious evidence of membranous ruptures 
on magnetic resonance images.
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INTRODUCTION

Meniere’s disease (MD) is characterized by symptoms of episodic vertigo, fluctuating hearing 
loss, tinnitus, and aural fullness. Endolymphatic hydrops (EH) is a characteristic sign of MD. 
Magnetic resonance imaging (MRI) now allows visualization of EH.1 Membranous rupture and 
potassium intoxication theory were proposed to cause the attacks, but these hypotheses remain 
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controversial. According to this theory, Reisner’s membrane or the membranous labyrinth 
collapses, hence the inflow of high-potassium endolymph into the perilymph, resulting in MD 
attacks.2-4 Histological findings have shown distinct ruptured membranes of MD patients in post-
mortem studies of the temporal bone and inner ear, with a rupture incidence rate of 38%.5 An 
enlarged vestibular EH can herniate into the horizontal semi-circular canal in patients with MD, 
which has been demonstrated by both histological and imaging studies.6,7 Imaging studies have 
never described the evidence of membranous rupture in the inner ear of MD patients, although 
MRI is being widely used to investigate MD.

Detection of EH conditions while on vertigo attacks of MD could provide insights on the 
mechanism of the attacks. In our experience of MRI evaluation of more than 1,600 subjects, 
several patients have undergone MRI scanning a few days after their MD attacks; the images 
did not show membranous ruptures. However, none of these patients underwent MRI during the 
MD attack. This case report demonstrated MR images of EH obtained on a vertigo attack in 
an MD patient.

CASE REPORT

A 78-year-old man first experienced an episode of rotatory vertigo which started 20 years 
earlier. His symptoms subsequently spontaneously recurred a few times per year. Acute sensori-
neural hearing loss occurred in the left ear when the patient was 63 years old, and in the right 
ear 2 years after. This gradually progressed, resulting in a recent average threshold of 50.0 dB 
in the right and 55.0 dB in the left ear. The patient was then diagnosed with bilateral definite 
Meniere’s disease.8

On the day of the patient’s schedule to undergo MRI evaluation of EH, he visited the hospital 
outpatient department before noon due to a vertigo attack that had developed a few hours prior. 
The patient had spontaneous nystagmus toward the right side, but did not exhibit acute hearing 
loss, or increased tinnitus or aural fullness. A standard dose of gadodiamide hydrate was injected 
intravenously at noon, and a 3-T MRI scan was performed while on the attack.9,10 Saccular 
function was evaluated using cervical vestibular evoked myogenic potentials (cVEMP) on the 
day of the attack; this was repeated 50 days later. Pure tone audiometry was also performed.

MRI
MR images are shown in Fig. 1. A radiologist who did not know the clinical symptoms 

classified the degree of EH in the vestibule and cochlea into three grades: none, mild, and 
significant.11 Significant EH was observed bilaterally in the vestibule and cochlea. Vestibular EH 
of both ears occupied almost all vestibular endolymphatic space in contact with the oval window 
and herniated into the horizontal semi-circular canal. The endolymphatic space was enlarged, 
without collapse or mixture of contrast agent. There is also no difference found between ears.

cVEMP and pure tone audiometry
The cVEMP examinations were performed on the day of attack then 50 days later (Fig. 2). 

The amplitude of the left ear was smaller than that of the right ear on the day of the attack 
with the asymmetry ratio of 47.2%, whereas, 50 days later, the asymmetry ratio became 1.5%. 
(The asymmetry ratio was obtained by the following formula: |left amplitude –right amplitude| 
/ (left amplitude + right amplitude) × 100.)

The average hearing levels at three frequencies (500 Hz, 1 kHz, 2 kHz) was 50.0 dB on the 
left side and 55.0 dB on the right side, which were not markedly different from those performed 
1 year before the attack (Fig. 3).
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Fig. 1 Magnetic resonance images of endolymphatic hydrops (black areas) in the patient
Fig. 1A:  Bilateral significant endolymphatic hydrops is shown in the cochlea (arrowheads) and the vestibule 

(arrows).
Fig. 1B:  Vestibular endolymphatic hydrops in the right ear (contralateral side) were enlarged significantly and 

herniated into the horizontal semi-circular canal.
Fig. 1C:  In the left ear (ipsilateral side), vestibular endolymphatic hydrops was similar on the right side. No 

suspicious features indicating clear membranous ruptures were found in the images taken on the vertigo 
attack.

Fig. 1D: Normal endolymphatic space in both the cochlea and the vestibule (left ear), shown for reference.
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Fig. 2 The results of cervical vestibular myogenic potentials
Fig. 2A:  The amplitude of the left ear was smaller than that for the right ear on the day of the vertigo attack. 

The asymmetry ratio was calculated to be 47.2%. 
Fig. 2B: After 50 days, the asymmetry ratio was calculated to be 1.5%.
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DISCUSSION

We obtained 3-T MR images of EH on a vertigo attack of MD. The MR images revealed 
significant EH in the bilateral vestibule and cochlea, which was consistent with the clinical 
diagnosis of bilateral definite MD of the patient. Vestibular EH in each ear occupied almost all 
the vestibular endolymphatic space, herniating into the horizontal semi-circular canal, with no 
laterality revealed on the images. During the vertigo attack, the scala media remained swollen, 
without obvious evidence of ruptured membranes, though MRI could not visualize fine fissures 
in the membranes.

The left ear was the affected side during the vertigo attack in the present case. The cVEMP 
described a relative saccule dysfunction of the left ear on the day of the attack, which had 
resolved 50 days later. The spontaneous nystagmus, beating toward the right side, observed on 
the patient’s arrival, a few hours after onset of the attack, appeared to be paralytic nystagmus.12 
Significant vestibular EH was also observed in the contralateral ear, herniating into the horizontal 
semi-circular canal, and in contact with the oval window. There was no clear difference between 
the ears on MRI, unlike in the cVEMP. The patient did not exhibit auditory symptoms despite 
the EH in the cochlea. This lack of simultaneous auditory symptoms during the time of attack 
is a frequent finding in MD.13

If obvious membranous rupture develops, as shown in past histological studies,2,4,5 the 
endolymphatic space may be invisible due to the contamination with contrast agent of the 
MRI method. The contamination of the perilymph by endolymph increases the concentration of 
potassium in the perilymph, resulting in a vertigo attack by depolarization of the vestibular hair 
cells.14 However, the EH of the affected ear was clearly enlarged, herniating into the horizontal 
semi-circular canal, which suggested that the membranes were only distended not ruptured. The 

Fig. 3 The results of pure tone audiometry
Fig. 3A: Pure tone audiometry measurements taken 1 year before the vertigo attack of interest
Fig. 3B: On the day of this vertigo attack.
These measurements did not change markedly. The patient had no change in cochlear symptoms during these 
examinations.

A B



214

Takafumi Nakada et al

endolymphatic space in this case did not collapse. On the other hand, there was no evidence to 
counter the possibility of fine membranous fistulas.

Water or substance movements are thought to be requisite for vertigo attacks in the absence 
of ruptures. The vasopressin-aquaporin system regulates water reabsorption in the kidney and 
inner ear, and aquaporins are essential in mediating water transport through membranes and 
the subtypes of the aquaporins identified in the inner ear are involved in the pathogenesis of 
EH.15 Egami et al. explained the induction of vestibular disorders by desmopressin (a synthetic 
analog of 8-arginine vasopressin) in relation to EH, using animal models; MD attacks show 
rapid progression, in addition to chronic EH.16 EH itself did not cause MD symptoms in the 
right ear in the present case, or in a previous report.17 The endolymphatic sac is important in 
the regulation of endolymph volume. A previous study reported that the EH volume decreased 
after endolymphatic sac drainage in MD patients in whom the surgery was effective,18 which 
suggested that endolymph volume is increased or exceed the permissible level in the sac in MD, 
resulting in symptoms. Endolymph pressure is higher than perilymph pressure in EH models.19 
Increased hydrostatic pressure with EH is speculated to change the membrane permeability for 
potassium, which could cause potassium to flow toward the perilymph, in molecular biological 
“membranous fistulas”. Moreover, the utriculo-endolymphatic valve is thought to separate the 
pars superior (utricle and semicircular canals) from the pars inferior (saccule and cochlea) and 
to regulate the intra-utricular volume. This valve is normally closed, but is opened by excessive 
accumulation of endolymph, allowing excessive endolymph in the utricle to flow out and to be 
processed in the endolymphatic duct.20 21 However, the valve may be closed by highly excessive 
intra-utricular endolymph and/or perilymph pressure,22 suggesting a possibility that increases in EH 
and atmospheric pressure can increase force, closing the utriculo-endolymphatic valve. Gurkov et 
al. described that MD episodes were increased after exposure to heightened atmospheric pressure, 
but not after exposure to lowered atmospheric pressure.23 The closed valve would further increase 
the pressure in the pars superior, which may play a role in MD-related vertigo attacks without 
auditory symptoms. Gibson also explained the vertigo attacks in the absence of ruptures and 
emphasized on the importance of the utriculo-endolymphatic valve.24 In his theory, endolymph 
may build up excessively in the sinus of the endolymphatic duct during longitudinal flow, and 
overflow occurs opening the valve so endolymph enters the pars superior. Then the increase 
of endolymph in the utricle distorts the cristae in one direction, causing the attack of vertigo. 
Hornibrook have added a relation of detached otoconia to Gibson’s theory to explain the vertigo 
attack of MD.25 Alternative concepts against the rupture hypothesis are spreading.

The present report suggests that MD attacks occur without large ruptures in the inner ear 
membrane. Clinical imaging of EH was reported by Nakashima and Naganawa et al for the first 
time in 2007.1 Thereafter, many studies have focused on the MR imaging of EH and speculated 
on the mechanisms involved in MD. However only few reports directly show the condition of 
EH on vertigo attacks of MD to date. The present report is a single case study, further cases 
should be evaluated during an attack to clarify its mechanism.
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