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ABSTRACT

BACKGROUND AND PURPOSE: No reliable MR imaging marker for the diagnosis of Menière disease has been reported. Our aim was to
investigate whether the obliteration of the inferior portion of the vestibule and the contact with the stapes footplate by the vestibular
endolymphatic space are reliable MR imaging markers in the diagnosis of Menière disease.

MATERIALS AND METHODS: We retrospectively enrolled 49 patients, 24 affected by unilateral sudden hearing loss and 25 affected by
definite Menière disease, who had undergone a 4-hour delayed 3D-FLAIR sequence. Two readers analyzed the MR images investigating
whether the vestibular endolymphatic space bulged in the third inferior portion of the vestibule contacting the stapes footplate. This sign
was defined as the vestibular endolymphatic space contacting the oval window.

RESULTS: We analyzed 98 ears: 27 affected by Menière disease, 24 affected by sudden sensorineural hearing loss, and 47 that were
healthy. The vestibular endolymphatic space contacting the oval window showed an almost perfect interobserver agreement (Cohen � �

0.87; 95% CI, 0.69 –1). The vestibular endolymphatic space contacting oval window showed the following: sensitivity � 81%, specificity �

96%, positive predictive value � 88%, and negative predictive value � 93% in differentiating Menière disease ears from other ears. The
vestibular endolymphatic space contacting the oval window showed the following: sensitivity � 81%, specificity � 96%, positive predictive
value � 96%, negative predictive value � 82% in differentiating Menière disease ears from sudden sensorineural hearing loss ears.

CONCLUSIONS: The vestibular endolymphatic space contacting the oval window has high specificity and positive predictive value in
differentiating Menière disease ears from other ears, thus resulting in a valid tool for ruling in Menière disease in patients with mimicking
symptoms.

ABBREVIATIONS: AAO-HNS � American Academy of Otolaryngology–Head and Neck Surgery; BLB � blood-labyrinthine barrier; CH � cochlear hydrops; HC �
healthy control; MD � Menière disease; nMD � normal in a patient with MD; NPV � negative predictive value; PPV � positive predictive value; SSHL � sudden
sensorineural hearing loss; VEH � vestibular endolymphatic hydrops; VES � vestibular endolymphatic space; VESCO � vestibular endolymphatic space contacting the
oval window

Meniére disease (MD) is a relatively common disorder, with a

prevalence of 200 –500 per 100,000, characterized by fluc-

tuating hearing loss, intermittent vertigo, tinnitus, and aural

fullness.1 MD is characterized by the presence of vestibular en-

dolymphatic hydrops (VEH), a distension of the vestibular en-

dolymphatic space (VES) of the inner ear. However, VEH might

not represent the sole cause of the symptoms. Following the as-

sumption of Merchant et al, “It seems that all patients with clas-

sical symptoms of Menière’s disease have VEH, but not vice versa,

as not all patients with hydrops have Menière’s disease symp-

toms.”2 A diagnosis of definite MD is made by the presence of �2

episodes of vertigo, audiometrically documented low-to-medium

frequency sensorineural hearing loss in 1 ear, or fluctuating aural

fullness.3

MR imaging has recently been used in the diagnosis of MD

because the presence of VEH can be demonstrated in vivo with a

3D-FLAIR sequence 4 hours after the intravenous administration

of a contrast agent.4 Data emerging from the literature about MR

imaging of VEH in patients with MD are still discordant/uneven.

Several diagnostic criteria have been proposed to evaluate the de-

gree of the VEH, the most relevant/common being those of

Nakashima et al,5 a quantitative method that assesses the VES,
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calculating the ratio of the area of the VES to the entire vestibule

(VES/vestibule ratio) in the axial plane and defining VEH as pres-

ent if this ratio is �33%. More recently, Attyé et al6 have estab-

lished a morphology-based method: Saccular hydrops is consid-

ered when a saccule-to-utricle ratio of �1 is present. However,

both of these scores seem to lack high accuracy in differentiating

MD from other otologic disorders.7

There is an unmet clinical need to understand the role of the

contact between the VES and the stapes footplate. Our aim was to

investigate whether the obliteration of the inferior portion of the

vestibule with the contact between the ES and the stapes footplate is a

reliable MR imaging marker in differentiating MD ears from healthy

ears and from those affected by other otologic disorders. In addition,

we assessed whether the blood-labyrinthine barrier (BLB) break-

down is associated with the presence of symptoms on the MR image.

MATERIALS AND METHODS
Subject Enrollment
This study was approved by the Fondazione IRCCS Ca’ Granda

Ospedale Maggiore Policlinico institutional review board; patient in-

formed consent was waived. We retrospectively enrolled consecutive

patients affected by unilateral sudden sensorineural hearing loss

(SSHL) and uni-/bilateral definite MD, who had undergone MR im-

aging at our department from July 2016 to January 2018. According

to the American Academy of Otolaryngology–Head and Neck Sur-

gery (AAO-HNS) guidelines, SSHL was defined by a sensorineu-

ral hearing loss of at least 30 decibels over 3 contiguous frequen-

cies occurring within a 72-hour period.8,9 The diagnosis of

definite MD fulfilled the criteria of both the Bárány Society and

the AAO-HNS. According to the Bárány Society guidelines, defi-

nite MD was diagnosed if there was a history of at least 2 definitive

spontaneous episodes of vertigo lasting 20 minutes or longer, tin-

nitus, or aural fullness and audiometrically documented senso-

rineural hearing loss of at least 30 dB (or low-to-medium fre-

quency sensorineural hearing loss).3 According to the AAO-HNS,

definite MD was diagnosed if there was a history of at least two

spontaneous episodes of vertigo lasting 20 minutes to 12 hours;

audiometrically documented low-to-medium frequency senso-

rineural hearing loss in 1 ear, defining

the affected ear on at least 1 occasion be-

fore, during, or after one of the episodes

of vertigo; and fluctuating aural symp-

toms (hearing, tinnitus, or fullness) in

the affected ear, not better accounted for

by another vestibular diagnosis.10

Exclusion criteria were the following:

a history of neurologic or psychiatric dis-

orders; systemic autoimmune diseases;

previous otosurgical procedures; middle

ear pathologies; and other causes of sen-

sorineural hearing loss, such as inherited

hearing loss, the use of ototoxic drugs,

noise trauma, exposure to industrial sol-

vents, labyrinthine fistula, and/or previous

episodes of SSHL.

Audiologic Assessment
Diagnoses of SSHL and definite MD

were made by an otolaryngologist by otomicroscopy, vestibular

evaluation, complete audiologic examination by pure-tone audi-

ometry with measurement of air conduction at all octave frequen-

cies between 125 and 8000 Hz and of bone conduction thresholds

at 250 – 4000 Hz, immittance audiometry, speech audiometry,

and distortion product otoacoustic emissions. The functional

level score of MD was measured on the day of MR imaging for

each patient.10 In patients with unilateral SSHL and unilateral

MD, the unaffected contralateral ear was defined as the healthy

control (HC) and normal in a patient with MD (nMD), respec-

tively, if the audiologic assessment revealed normal hearing, in-

cluding the presence of distortion product otoacoustic emissions.

Thus, after the audiologic assessment, ears could be categorized to

4 types: HC, SSHL, MD, and nMD.

MR Imaging Acquisition and Image Analysis
All patients were imaged on a 3T Achieva scanner (Philips Health-

care, Best, the Netherlands) using a 32-channel head coil. The

imaging protocol consisted of sequences performed for whole-

brain evaluation (axial diffusion-weighted sequence and 3D

FLAIR) and specific sequences for temporal bone assessment (Ta-

ble 1). Contrast-agent (gadoteridol, ProHance; Bracco Diagnos-

tics, Princeton, New Jersey) was administered intravenously at the

recommended dose (0.2 mmol/kg). MR imaging acquisition data

are listed in Table 1. According to our protocol, all patients with

SSHL were scanned within 10 days after onset.

Two observers, a senior neuroradiologist and a radiology res-

ident with 6 years and 6 months of experience in otoradiology,

respectively, assessed the delayed 3D-FLAIR images indepen-

dently and, in a second reading session, in consensus. Multiplanar

reconstructions were obtained using the local PACS viewer with a

slice thickness of 0.33 mm. Image analysis was conducted using 2

oblique planes: parasagittal, parallel to the superior semicircular

canal; para-axial, parallel to the lateral semicircular canal (Fig 1).

According to our new proposed method, readers had to report

when the VES bulged in the third inferior portion of the vestibule,

which meant below the para-axial plane at the level of the lateral

Table 1: Scanning parameters (3T)
Pre- and

Postcontrast
T1 FSE

Pre- and
Postcontrast

3D-FLAIR
3D

T2-SSFP

Delayed
Postcontrast

3D-FLAIR
Plane Axial Axial Axial Axial
TR (ms) 500 6000 1500 7600
TE (ms) 10 350 194 345
TI (ms) / 2350 / 2100
Fat saturation SPIR SPIR / SPAIR
TSE factor 3 182 40 100
Flip angle 90° 90° 90° 90°
Slice thickness (mm) 1.5 1 0.6 0.6
Slices (no.) 15 30 22 40
FOV (mm2) 180 � 160 230 � 190 140 � 140 200 � 255
Matrix 256 � 205 232 � 229 264 � 248 250 � 252
Parallel imaging No Yes No Yes
Averages 4 6 1 4
Scan time 2 min 51 sec 10 min 6 sec 6 min 35 sec 9 min 15 sec

Note:—SSFP indicates steady-state free precession; SPIR, spectral presaturation with inversion recovery; SPAIR, spec-
tral attenuated inversion recovery; 3D FLAIR, Three dimensionally Fluid Attenuated Inversion Recovery; FSE, Fast spin
echo; TR, time of repetition; TE, time of echo; TI, time of inversion; TSE, Turbo Spin-Echo; FOV, field of view; /, specific
parameter is not available.
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semicircular canal (Fig 2), and contacted the oval window as in-

dicated by the disappearance of the gadolinium-enhanced peri-

lymph behind the oval window on the parasagittal plane at the level

of the superior semicircular canal. This sign was defined as the ves-

tibular endolymphatic space contacting the oval window (VESCO).

In addition, only in the in-consensus reading section, the read-

ers assessed the presence of cochlear hydrops (CH) and VEH ac-

cording to the classic criteria by Nakashima et al.5 VEH was as-

sessed by calculating the ratio of the area of the VES to that of the

vestibular space. VEH was defined as “absent” if the ratio was

�33.3%; “mild,” from 33.3% to 50%; and “significant,” if �50%.

CH was defined as “absent” if no displacement of the Reissner

membrane was detected; “mild” if a displacement of the Reissner

membrane was detected but the area of the cochlear endolym-

phatic space did not exceed the area of the scala vestibuli; and

“significant” if the area of the endolymphatic space exceeded the

area of the scala vestibuli.

The presence or absence of BLB breakdown of the inner ear

structures was also assessed in patients with MD. The BLB break-

down was defined as a higher perilymph gadolinium-enhance-

ment of the inner ear structures compared with the contralateral

ones (Fig 3). If the enhancement was

symmetric in a subject, BLB breakdown

was judged absent.

Statistical Analysis
The interobserver agreement was cal-

culated with the Cohen � coefficient.

The clinical examination was used as

a reference standard. Because we

performed a per-ear analysis, we cal-

culated the intraclass correlation

coefficient to demonstrate the inde-

pendence of measurements within a

subject. Using the in-consensus read-

ing for VESCO, the Nakashima method,

and both combined, we calculated the

sensitivity, specificity, positive predic-

tive value (PPV), and negative predic-

tive value (NPV) in differentiating

MD ears from other ears (HC, nMD,

SSHL). The McNemar test was used to

compare the sensitivity and specificity

between VESCO alone and VESCO

combined with CH according to the

Nakashima method. We used the

Mann-Whitney U test to investigate

the association between BLB break-

down and the functional level score in

patients with MD. Statistical analysis

was performed using SPSS, Version

20.0 (IBM, Armonk, New York). Sig-

nificance was defined at P � .05.

RESULTS
We included 24 patients affected by uni-

lateral SSHL (male/female: 11:13; mean

age, 54.9 � 11.7 years) and 25 patients affected by definite MD

(male/female: 15:10; mean age, 60.6 � 18.6 years). There were no

significant differences in the mean ages (P � .08) or sex (P � .48)

of the SSHL and MD groups. Twenty-three of 25 patients with

MD had unilateral disease (10 right, 13 left), and 2 had bilateral

disease. The mean interval of disease duration in the patients with

MD was 6.4 years (range, 1–25 years). No MD ears showed an

air-bone gap at the audiometric examination. The functional level

score at the time of MR imaging was 1 in 7 patients, 2 in 6 patients,

3 in 4 patients, 4 in 3 patients, 5 in 6 patients, and 6 in 1 patient.

We therefore analyzed 98 ears: 27 with MD, 24 with SSHL, 24

HC, and 23 nMDs. VESCO was detected in 22 of 27 MD ears

(true-positives), 1 of 24 SSHL ears, 1 of 24 HC ears, and 1 of 23

nMD ears (false-positives). The intraclass correlation coefficient

of within-subject ear measurements was 0.07 with a 95% CI,

�0.20 – 0.35 [null-hypothesis intraclass correlation coefficient �

0; F(48,48) � 1.16, P � .30]. Data on the sensitivity, specificity,

PPV, and NPV in differentiating MD ears from other ears are

shown in Table 2. The interreader agreement was almost perfect

(Cohen � � 0.867; 95% CI, 0.689 –1).

According to the Nakashima score, VEH (32 mild, 10 severe)

FIG 1. Left ear, A, Flat panel CT scan (isotropic voxel, 0.15-mm resolution) of a cadaver temporal
bone specimen with a superimposed 3D colored schematic representation of the normal VES on
the oblique sagittal plane parallel to the superior semicircular canal. On this plane, the normal
saccule (dotted arrow) is more medially and posteriorly located compared with the utricle. The
utricle does not protrude into the inferior portion of the vestibule, and the VES does not contact
the round (asterisk) and oval (arrowhead) windows. B, MR imaging oblique sagittal reconstruction
parallel to the superior semicircular canal of a healthy ear shows superiorly the VES and inferiorly
the perilymph filling the inferior third of the vestibule with preservation of the perilymph signal
medial to the oval window (arrowhead) and round window (asterisk). C, MR imaging axial recon-
struction parallel to the lateral semicircular canal at the inferior third of the vestibule in a healthy
subject, showing the vestibule filled by the perilymph (arrow).

2116 Conte Nov 2018 www.ajnr.org



was correctly detected in 20 of 27 MD

ears (true-positives) and misdiagnosed

(in all cases as mild hydrops) in 10 SSHL

ears, 4 HC ears, and 8 nMD ears (false-

positives). Furthermore, CH was cor-

rectly detected in 20 of 27 MD ears (true-

positives) and misdiagnosed in 4 SSHL

ears, 1 HC ear, and 5 nMD ears (false-

positives). Data on the sensitivity, spec-

ificity, PPV, and NPV in differentiating

MD ears from other ears are shown in

Tables 3 and 4.
In Table 5, the comparison between

VESCO and VEH and CH according to
the Nakashima criteria is reported in pa-
tients with MD. VESCO or CH or both

were detected in 24 of 27 MD ears and in

11 of 71 other ears (HC, SSHL, nMD).

Thus, the presence of at least 1 of these

imaging biomarkers did not show a sig-

nificant difference in terms of sensitivity

(89%; 95% CI, 70%–97%; McNemar

test, P � .50) compared with VESCO

alone, but it caused a significant reduc-

tion of the specificity (85%; 95% CI,

74%–92%; McNemar test, P � .008) in

differentiating MD ears from the others.

BLB breakdown was identified in 14

of 23 patients with unilateral MD, al-

ways on the side of the affected ear, and

in 1 of 2 patients with bilateral MD. The

functional level score at the time of the

MR imaging study was significantly

higher in patients with BLB breakdown

(P � .03).

DISCUSSION
Our study showed that VESCO alone

has high specificity (96%) and PPV

(88%) in differentiating MD ears from

other ears. On the contrary, the com-

bined evaluation of VESCO and CH ac-

cording to the Nakashima method re-

sulted in a significant reduction of the

specificity (85%; McNemar test, P �

.008),without a significant advantage in

terms of sensitivity (89%; McNemar

test, P � .50). These results suggest that

VESCO could be used to confirm MD
after clinical examination. However,

the good but not excellent sensitivity

of VESCO (81%) prevents radiologists

from using it as biomarker to defini-

tively rule out MD.

Most studies published on MR imag-

ing of MD used the Nakashima score to

identify VEH and CH, but this method

showed low specificity in the diagnosis

FIG 2. Left ear. A, Flat panel CT scan (isotropic voxel, 0.15-mm resolution) of a cadaver
temporal bone specimen with superimposed 3D colored schematic representation of the
VES on the oblique sagittal plane parallel to the superior semicircular canal, as suggested in
patients with MD. The utricle bulges into the inferior third of the vestibule, and the saccule
(dotted arrow) bulges more medially; thus, the VES contacts the oval window (arrowhead).
The asterisk indicates the round window and the dotted arrow indicates the saccule. B, MR
imaging oblique sagittal reconstruction parallel to the superior semicircular canal of an MD
ear shows enlargement of the VES bulging into the inferior third of the vestibule and con-
tacting the oval window (arrowhead), with the consequent absence of the normal perilymph
signal behind the stapes footplate (asterisk indicates the round window). C, MR imaging axial recon-
struction parallel to the lateral semicircular canal at the inferior third of the vestibule in a patient with
MD shows the VES contacting the oval window (arrow indicates enlargement of the VES bulging into
the inferior third of the vestibule and contacting the oval window).

FIG 3. Four-hour-delayed postcontrast 3D-FLAIR MR axial image through the basal turns of the
cochleae. The right (R) MD ear shows cochlear hydrops (arrowhead) and marked contrast en-
hancement (arrow) compared with the contralateral (L indicates left) healthy ear (dotted arrow),
suggesting BLB breakdown.

Table 2: Contact between the oval window and the saccule in sagittal oblique plane
(VESCO)

SE (%)
(95% CI)

SP (%)
(95% CI)

PPV (%)
(95% CI)

NPV (%)
(95% CI)

Symptomatic MD vs
asymptomatic MD

81 (61–93) 96 (76–100) 96 (76–100) 81 (61–93)

Symptomatic MD vs healthy 81 (61–93) 96 (77–100) 96 (76–100) 82 (62–93)
Symptomatic MD vs SSHL 81 (61–93) 96 (77–100) 96 (76–100) 82 (62–93)
Symptomatic MD vs other 81 (61–93) 96 (87–99) 88 (68–97) 93 (84–97)

Note:—SE indicates sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value.
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of MD, resulting in poor utility in clinical practice. The main

limitations of this method are the following: 1) the conspicuity of

the endolymphatic space depends on the MR image parameters

such as TI, making results from different imaging centers less

comparable; and 2) the endolymphatic space is a volume, with

extreme variability in morphology11; therefore, the evaluation of

its expansion simply on a single axial plane is not a suitable

method to obtain a reliable estimate of the hydrops state.

However, MR imaging evidence from the literature using the

Nakashima score is in line with the pathologic findings that have

been described in cadavers, suggesting that CH and VEH are not

exclusive findings in patients with MD and are probably not al-

ways pathologic. Thus, the ambitious objective for radiologists is

to determine a method to distinguish clinically relevant hydrops.

We support the idea that morphology-based imaging methods,

such as ours, can be more accurate than quantitative-based ones,

such as the Nakashima score, to reach this goal. Attyé et al6 pur-

sued this objective using a saccule-to-utricle ratio of �1 as a bio-

marker for MD, reaching low sensitivity (50%) but high specific-

ity (100%) in differentiating the symptomatic ears of patients

with MD from the asymptomatic ears of healthy volunteers. How-

ever, it remains unclear what the diagnostic role of the saccule-to-

utricle ratio is in differentiating MD ears from ears affected by

other otologic disorders. We find the saccule-to-utricle ratio dif-

ficult to apply in clinical practice for the following reasons: 1)

When there is VEH, there is the effacement of the perilymph

between the saccule and the utricle, thus making it impossible to

delineate the boundaries of these structures; and 2) Attyé et al

calculated the saccule-to-utricle ratio in a parasagittal plane along

the major axis of the vestibule, but the saccule and the utricle are

not visible together in this plane because the saccule is more me-

dially located.

Attyé et al6 reported the contact of

the VES with the oval window in 9/30

patients with MD, all with the saccule-

to-utricle ratio. Our data disagree with

this observation. The discrepancy could

be due to technical differences in the im-

aging analysis. Attyé et al did not clearly

state their method of defining the con-

tact between the saccule and the stapes

footplate, which is surely different from

ours: We used a parasagittal plane paral-

lel to the lateral semicircular canal,

which does not correspond to the para-

sagittal plane along the long axial axis of

the vestibule as represented by these au-

thors. Recently, some authors reported

that patients with significant VEH adja-

cent to the stapes footplate showed

higher average air-bone gaps at 250 Hz compared with patients

with nonadjacent significant VEH.

In contrast, we did not find air-bone gaps in our patients with

MD.12 First, audiograms of patients with MD showed unex-

plained air-bone gaps at low frequencies from 13% to 32% in the

literature, even though no middle ear pathology could be demon-

strated.13,14 In addition, some methodologic differences between

our study and the aforementioned study12 should be stated to

understand why the results are in disagreement. The authors of

this study enrolled not only patients with MD (66% of the total)

but also patients with other otologic disorders who presented with

severe hydrops according to the Nakashima score. As evidenced

by our results, severe hydrops was found only in 9/22 (41%) pa-

tients with MD with VESCO. According to these observations, the

populations of the studies are not comparable. In addition, the

authors used “HYDROPS” imaging, performed by subtracting

the positive endolymph images from the positive perilymph im-

ages. This type of postprocessing transformation can alter the MR

imaging anatomy of the endolymphatic space by inducing re-

searchers to incorrectly locate the endolymph liquid within the

inner ear structures for problems of registration between the 2

MR images. This limitation could be more relevant when VEH

should be defined as “nonadjacent” or “adjacent” according to the

presence or absence of a black area of endolymph underneath the

stapes footplate.

Our study showed that patients with MD with BLB breakdown

have a higher functional level at the time of the MR imaging than

those without BLB breakdown. Similar to our results, in a recent

MR imaging study, it was noted that the permeability of the cap-

illaries in the inner ear of patients with MD was significantly

greater than that in the inner ear of patients with SSHL.15 These

findings are in agreement with the hypothesis that MD may be

caused by dysfunction in the BLB as confirmed by the pathologic

changes that were described in the capillary lumens of MD cadav-

ers.16 The finding of increased vesicular transport in the endothe-

lial cells of the capillaries, vascular endothelial cell degenerative

changes, and the thickening of the basement membrane of the

capillaries in Menière disease raises the possibility of an inflam-

Table 3: Vestibular endolymphatic hydrops according to Nakashima grading
SE (%)

(95% CI)
SP (%)

(95% CI)
PPV (%)
(95% CI)

NPV (%)
(95% CI)

Symptomatic MD vs
asymptomatic MD

74 (53–88) 65 (43–83) 71 (51–86) 68 (45–85)

Symptomatic MD vs healthy 74 (53–88) 83 (62–95) 83 (62–95) 74 (53–88)
Symptomatic MD vs SSHL 74 (53–88) 58 (37–77) 67 (47–82) 67 (43–85)
Symptomatic MD vs other 74 (53–88) 69 (57–79) 48 (32–63) 88 (75–94)

Note:—SE indicates sensitivity; SP, specificity.

Table 4: Cochlear hydrops according to Nakashima grading
SE (%)

(95% CI)
SP (%)

(95% CI)
PPV (%)
(95% CI)

NPV (%)
(95% CI)

Symptomatic MD vs
asymptomatic MD

74 (53–88) 78 (56–92) 80 (59–92) 72 (50–87)

Symptomatic MD vs healthy 74 (53–88) 96 (77–100) 95 (74–100) 77 (57–89)
Symptomatic MD vs SSHL 74 (53–88) 83 (62–95) 83 (62–95) 74 (53–88)
Symptomatic MD vs other 74 (53–88) 86 (75–93) 67 (47–82) 90 (79–95)

Note:—SE indicates sensitivity; SP, specificity.

Table 5: Presence of VESCO versus VEH and CH according to the
Nakashima criteria in patients with MD

VESCO

VEH CH

No
(n = 7)

Mild
(n = 11)

Severe
(n = 9)

No
(n = 7)

Yes
(n = 20)

No (n � 5) 2 (40%) 3 (60%) 0 (0%) 3 (60%) 2 (40%)
Yes (n � 22) 5 (23%) 8 (36%) 9 (41%) 4 (18%) 18 (82%)
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matory pathology similar to that proposed as causative in auto-

immune inner ear disease.17

Some limitations of our study should be acknowledged. Our

standard reference for the definition of MD was clinical instead of

histopathologic. Furthermore, while enrolling only patients with

definite MD, we did not test the accuracy of VESCO in those

clinical conditions, such as possible or probable MD or MD-mim-

icking disorders, which represent the true diagnostic challenges in

clinical practice. Thus, the reported specificity of VESCO could be

overestimated. For example, is VESCO accurate in early differen-

tiate recurrent peripheral vestibulopathy from MD? Future stud-

ies should therefore aim to answer this question using clinical

follow-up or histology as a reference standard. Because in SSHL

we performed MR imaging within 10 days after the onset of the

pathology, we cannot exclude the possibility that these patients

could develop late vestibular hydrops and that VESCO could be

detected in them later.

We did not correlate imaging results with audiometric tests,

the duration of MD, or vestibular-evoked myogenic potentials. In

particular, the vestibular-evoked myogenic potentials are a reli-

able tool for the investigation of saccular function18; thus, they

can elucidate the role of the saccule in the definition of VESCO,

considering that in our opinion, it is impossible to clearly delin-

eate the saccule from the other endolymphatic structures when

marked hydrops is present. Some technical aspects in the imaging

acquisition could have influenced our results; a recent study has

shown that it is easy to shift from the normal condition to VEH

disease simply by varying the TI sequence by 100 ms.19 The same

group of researchers suggested that different contrast agents can

provide different anatomic details regarding endolymphatic space

and the semicircular canals.19

CONCLUSIONS
VESCO is a promising MR imaging biomarker for MD and BLB

breakdown, as depicted by the enhancement on MR imaging, to

identify patients with higher functional levels probably due to

florid inflammatory activity within the inner ear structures.
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