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Méniere’s disease (MD) is one of the diseases that greatly reduces the quality of life, causing
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repeated dizziness, hearing loss, and tinnitus. There have been various efforts to diagnose
MD and predict its prognosis, but even today, hearing test is the only objective test included in
the diagnostic criteria. This is because we lack tools with which we can clearly identify the
endolymphatic hydrops (EH), the histologic hallmark of MD. Since the mid-2000s, 3-tesla
MRI using a three-dimensional fluid-attenuated inversion recovery sequence has begun to be
used to detect the EH of MD. More recently, many clinical studies have been conducted using
this sequence of MRI, and the diagnostic value of inner ear MRI has thus increased. In partic-
ular, with the remarkable development of the convolutional neural network (CNN), the tech-
nology of medical image analysis has also grown dramatically. In this work, we explore how
inner ear MRI is clinically used in MD, how CNN is actually used in the diagnosis of MD,
and finally consider the diagnostic value of inner ear MRI in the future.

Korean J Otorhinolaryngol-Head Neck Surg 2024;67(12):601-7

Keywords Hearing loss; Magnetic resonance imaging; Meniere disease; Vertigo.

oA WA%E YA 42F(endolymphatic hydrops, EH)®l
sl 7]skiar, olefgt WS ofe thE 2AHsHA o
=0l oA F7HH o2 ERlEIe: e5d WHE 5
2wyl 299] 71 gk 22l o R A B
Ao g dhol=ojz|al th.”

Wy 23] Xet7|E2 15t © Hlo] HItE AXg:
1972 The American Academy of Otolaryngology A5}
‘A hearing balance subcommittee |4 Lol 2H 2] %] 9]
9} A7) Aot o, o]% ‘American Association of
Otolaryngology-Head and Neck Surgery (AAO-HNS)oj|A]
19853} 1995\de]| Feh7]-& WAstoch” gHagk 19959
AAO-HNS 7]o] H#o g drofgoig o) s4lgt |
Yol 2 (certain MD)- A34e] zltte] E71538H3laL 71
/g0l Sl wiYel =2 (possible MD)-> ZItH4] 74x)7} Hefar
wetelict whaka] 2015 ] Barany Society©lA] “certain,”

Copyright © 2024 Korean Society of Otorhinolaryngology-Head and Neck Surgery 601


https://orcid.org/0000-0002-4040-7206
https://orcid.org/0009-0008-3016-6294
http://crossmark.crossref.org/dialog/?doi=10.3342/kjorl-hns.2024.00220&domain=pdf&date_stamp=2024-12-25

Korean J Otorhinolaryngol-Head Neck Surg I 2024;67(12):601-7

“possible” MU0 =& AR =R Ak 7]ES st
o] ge] A}-g- Z-o|cH(Table 1).”

2015 o] % k7o) TedbERl SFHARE, Hiy o=
o] Zgko] 49X AL ofyrt. AA At 71eE &%
WS Alololize BAj0) S 9 WAL ulEe £ 5
AoflRt SjEAolm, 7]el HgA Agko] o 3] HjA|E ofof
gtk &S FHHALE Atk 719k EH AHelectroco-
chleography, ECoQG), H|YL FF %5 AMvideo head
impulse test, VHIT), AA-3-2-L4 7 AHvestibular evoked
myogenic potential test, VEMP), &%=t Al (caloric
test) o] e f1gt F7HAQ1 HAlz ge] ARg-E o] gt
53] ECoG+= 304 o/ muol = Zcto] gt £71H2<l
AR 714 9] o] gxlo] 9t sk o] T3k YlEx
ZHendolymphatic space)™ WHZ 422 AHA o & Azt

}-J

sfohis e BrHssiths Beke RS 7HA, ECoGY)
A% 7o] BIAI ofe} Haieh Bl o] ek

o] rt? VEMP} 250k AAL vHIT E3H g 4%
o] 75 Aes] vhefsiru miyol=re] gt )& =
Selelis ALY UL SolErh ng: B &t
20006t &4k olgf 2 MRIE ©]83F QA 7|<o] vds}
WA Qlzke] U %2 BRISY] 913 topel A} o]
o] gkc} 20049 Duan 572 22 Alolgle 7|Uu1g
47T MRI GAL #odsle] Yo] 7|e] Y 28 A3
o gHolstyet, A& ok tieke] Nakashima 502

Huo| 28 2o A AW (intratympanic) 12|11
(intravenous, IV) 294 =4 ¥ 3T MRIE °©]&3to] Hd
T RIS 1 o]F MRIE o5t Y= 4
& RISk} Bz ko] HAAR S E FTtstgleh &

7}Eaﬁ(w—gadohnium) 29 574 Wel MRI=
Wi} vwste] B 71 e 7
°§%7“ﬂ% A Z2GA Yol vlste] d

2
1
ALY 24 FPHeIAE 294 391 F Foph

A

ofN K
rE ru

ol
>

oy

; _—éﬁ%do%l—i
O N — 1=z
LRI E
o — =
oo

-';o?im

~ 9

- -

ﬁmﬂ

-

—r‘El?l

e =

FO_

—"ﬁ%

>~Zi

qE‘:

_IE;':

le

g

=2

o

]

I

inj

%
N

ok A7t ié_‘lﬂ 5@11] ‘?Q% FE= Al

o foh

1519 B} 3912 5l SA0] F2E BAY 4
A Ao A e mUel 2y Fxbel St MRIA
Y FFE 7 QWS BB gow|, ol 2
oV BT Bt A B9 B A

£ Bolzo.m AU 7hEels 2957 tel MRI7H v
Vel =g Zlgte %%—s}% A
AR s B

o
¢ oo 3L
Q flo

! éT: x2
I

Fl[‘

olN

ARE2 W= A 2 E |
7| EE A= %‘&’l—‘/} 1H | MRI7} RIEESE

A oA 2

28 3=

Table 1. AAO-HNS 1995 criteria and 2015 proposed new criteria for MD

AAO-HNS 1995 criteria

2015 new criteria by Barany Society

Certain MD  Definite MD, plus histopathological confirmation Deleted
Definite MD * At least two definite spontaneous episodes of vertigo ¢ At least two spontaneous episodes of vertigo,
lasting at least 20 minutes each lasting from 20 minutes to 12 hours
¢ Audiometrically documented hearing loss on at least ¢ Audiometrically documented low-frequency to
one occasion medium-frequency sensorineural hearing loss in
¢ Tinnitus or aural fullness in the treated ear one ear, defining the affected ear on at least
* Other causes excluded one occasion before, during or after one of the
episodes of vertigo
* Fluctuating aural symptoms (hearing, tinnitus or
fullness) in the affected ear
* Not better accounted for by another vestibular
diagnosis
Probable MD ¢ One definitive episode of vertigo ¢ At least two episodes of vertigo or dizziness, each
* Audiometrically documented hearing loss on af least lasting from 20 minutes to 24 hours
one occasion e Fluctuating aural symptoms (hearing, tinnitus or
* Tinnitus or aural fullness in the treated ear fullness) in the affected ear
* Other causes excluded * Not better accounted for by another vestibular
diagnosis
Possible MD * Episodic vertigo of the Meniere type without Deleted

documented hearing loss

» Sensorineural hearing loss, fluctuating or fixed, with

disequilibrium, but without definitive episodes

* Other causes excluded

AAO-HNS, American Association of Otolaryngology-Head and Neck Surgery; MD, Méniére's disease
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Fig. 1. AHYDROPS-Mi2 image with maximized contrast can be generated by multiplying the MRC and the hydrops images. The endo-
lymphatic space (arrows) identified in the hydrops image becomes more prominent in the Mi2 image (arrowheads). MRC, magnetic
resonance cisternography; HYDROPS, HYbriD of Reversed image Of Positive endolymph signal and native image of positive perilymph

Signal.

A MRC (cochlear) B MRC (vestibule)

C HYDROPS-Mi2 D HYDROPS-Mi2 (wide range)

Fig. 2. The process of defining the ROI for the hydrops ratio calculation. A: In the MRC image, the ROI outlining cochlear hydrops was
drawn along the contour by selecting the slice that provided best view of the cochlear modiolus. B: For the vestibular ROI, the lowest slice
showing more than 240 degrees of the lateral semicircular canal was chosen, and the ampulla was excluded when outlining the ROI on
the MRC. C: The cochlear ROI from the MRC image was copied and pasted to the HYDROPS-Mi2 image. The hydrops ratio was then
calculated by dividing the number of negative pixels from the whole pixels. D: The vestibular ROl from the MRC image was copied and
pasted onto the HYDROPS-Mi2 (wide range) image, enabling clear observation of vestibular hydrops with a negative signal inside. MRC,
magnetic resonance cisternography; HYDROPS, HYbriD of Reversed image Of Positive endolymph signal and native image of positive

perilymph Signal; ROI, region of interest.
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Data preparation Deep learning (segmentation)

Full stack MRC images

Deep learning model
(104 slices/patient)

1

Al-predicted
segmentation results

Calculate EH ratio

Apply the segmentation result on
HYDROPS-Mi2 patch

)

Calculate
hydrops ratio
)

Cochlea/vestibule HYDROPS-Mi2

representative slice

Fig. 3. A sequence for calculating the EH ratio utilizing a convolutional neural network. EH, endolymphatic hydrops; MRC, magnetic
resonance cisternography; HYDROPS, HYbriD of Reversed image Of Positive endolymph signal and native image of positive perilymph

Signal.
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Left cochlea

Input image

Ground truth

Prediction

Left vestibule

=

Right cochlea

Right vestibule

Fig. 4. The Al-based segmentation outcomes acquired from a thoroughly annotated dataset. Those examples demonstrate that the pre-
diction made by Al performs well when compared to the annotations provided by physicians (ground truth).
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