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IGHLIGHTS
• Endolymphatic  Hydrops  (EH)  in  Meniere’s  Disease  (MD)  may  be  related  to  hearing  loss.
• We  investigated  the  relationship  between  EH  and  hearing  loss  characteristics  in  MD.
• Type  and  site  of  EH  based  real  IR  sequence  can  indicate  the  degree  of  hearing  loss  in  MD.
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Abstract
Objectives:  The  degree  of  endolymphatic  hydrops  in  Meniere’s  disease  may  be  related  to  hear-
ing loss.  However,  the  results  of  prior  studies  have  been  inconsistent.  We  aimed  to  investigate
the relationship  between  endolymphatic  hydrops  and  hearing  loss  characteristics  in  Meniere’s
disease.
Methods:  This  study  included  54  patients  (62  ears)  with  Meniere’s  disease.  Patients  underwent
three-dimensional  real  inversion  recovery  sequences  for  magnetic  resonance  imaging  and  pure-
tone audiometry.  Endolymphatic  hydrops  were  assessed  according  to  Gurkov’s  criteria  (2011).
Correlations  between  different  degrees  of  endolymphatic  hydrops  and  pure-tone  audiometry,

as well  as  staging,  were  analysed.
Results:  Pure  tone  audiometry  and  staging  were  higher  for  vestibular  endolymphatic  hydrops
complicated  by  cochlear  ones  than  isolated  cochlear  or  vestibular  hydrops  (both  p  <  0.05).
There was  no  significant  correlation  between  vestibular  endolymphatic  hydrops  and  pure-tonal
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audiometry  or  staging  (all  p  >  0.05).  The  degree  of  hydrops  in  the  middle  turn  was  correlated  with
the mid-frequency  hearing  threshold  (p  <  0.05).  The  degree  of  cochlear  hydrops  was  correlated
with the  audiometry,  low-frequency  hearing  thresholds,  mid-frequency  hearing  thresholds  and
staging (p  <  0.01).
Conclusion:  The  types  and  sites  of  endolymphatic  hydrops  based  on  a  3D-real  inversion  recovery
sequence  can  be  used  to  indicate  the  degree  of  hearing  loss  in  patients  with  Meniere’s  disease.
Level of  evidence: Level  III.
© 2023  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier España,  S.L.U.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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at  500,  1000,  2000,  and  3000  Hz11;  both  ears  were  evaluated
separately  for  patients  with  bilateral  MD.  The  average  hear-
ntroduction

eniere’s  Disease  (MD)  is  an  inner  ear  disorder  of  unknown
rigin,  with  Endolymphatic  Hydrops  (EH)  as  the  main  patho-
ogical  feature.1 It  is  typically  characterized  by  recurrent
pontaneous  vertigo,  tinnitus,  and  fluctuating  hearing  loss.
H  can  occur  in  the  cochlea  and  vestibule  or  affect  both
tructures.  Damage  to  the  organ  of  Corti  in  the  endolymph
f  the  cochlea  may  lead  to  hearing  loss.  Different  parts  of
he  cochlea  have  different  characteristic  frequencies:  the
ochlear  basal  turn  and  the  cochlear  apical  turn  are  respon-
ible  for  high-  and  low-frequency  sound-signal  encoding,
espectively.2

The  diagnosis  of  MD  has  traditionally  relied  on  medical
istory,  specialist  examinations,  and  audiological  findings.3

agnetic  Resonance  Imaging  (MRI)  examinations  have  been
sed  to  exclude  other  etiologies  in  patients  with  suspected
D.  In  2007,  Nakashima  et  al.  visualized  the  degree  of
H  using  MRI  after  the  injection  of  Gd  contrast  agents  via
he  tympanic  ventricle.3 This  procedure  was  subsequently
eemed  unique  in  non-invasively  visualizing  EH,  thereby
ecoming  an  essential  tool  in  the  diagnosis  of  MD.  In  2017,
he  Japanese  Society  for  Equilibrium  Research  proposed  a
ew  type  of  ‘‘certain’’  MD  based  on  ‘‘definite’’  MD,  which
s  determined  by  the  presence  of  EH  in  the  inner  ear  on  MRI
fter  the  injection  of  Gd  contrast  agents.4

The  degree  of  EH  as  revealed  by  inner  ear  MRI  after  the
dministration  of  Gd  correlates  with  the  severity  of  hearing
oss.  However,  the  results  of  studies  have  been  inconsis-
ent  due  to  the  varied  techniques  of  inner  ear  MRI  and
he  assessment  criteria  used  to  determine  the  degree  of
H,  as  well  as  inter-subject  variation.  Three-dimensional
luid-Attenuated  Inversion  Recovery  (3D-FLAIR)  sequences
re  mostly  used  for  inner  ear  MRI  after  the  administration
f  Gd  contrast  agents,  but  the  use  of  Three-Dimensional
eal  Inversion  Recovery  (3D-real  IR)  sequences  has  gradu-
lly  increased.  An  advantage  of  3D-real  IR  over  3D-FLAIR  is
he  high  signal-to-noise  ratio  and  contrast-to-noise  ratio,5

hich  facilitate  further  differentiation  of  the  internal  and
xternal  lymph  from  the  surrounding  bone  signal.6,7 Among
he  various  criteria  that  exist  for  grading  EH,  the  criteria
roposed  by  Nakashima  et  al.3 in  2009  and  Gürkov  et  al.8 in

011  are  commonly  used.  The  latter  classifies  imaging  signs
ased  on  typical  dimensions  in  the  cross-sectional  plane  and
as  a  better  inter-observer  agreement.9

i
4

2

This  study  used  3D-real  IR  sequences  for  Gd-enhanced
osterior  inner  ear  MRI,  and  the  assessment  criteria  pro-
osed  by  Gürkov  et  al.8 to  investigate  the  relationship
etween  EH  and  hearing  loss  in  MD.

ethods

atients

 total  of  54  patients  who  attended  a  university  hospi-
al  in  China  between  April  2019  and  May  2023  and  were
iagnosed  with  MD  based  on  the  2015  guidelines  and  had
ot  received  previous  treatment  were  included.10 Among
hem,  21  were  men  and  33  were  women;  the  mean  age  was
6.76  ±  10.23  (range,  16---75)  years.  There  were  44  cases
f  unilateral  MD  and  10  cases  of  bilateral  MD.  Five  ears
ith  poor  image  development  were  excluded;  thus,  a  total
f  62  affected  ears  and  41  healthy  ears  were  included.
he  study  protocol  was  approved  by  the  appropriate  ethics
ommittee,  and  all  patients  signed  the  informed  consent
orm.

ure-tone  audiometry

ll  patients  underwent  Pure-Tone  Audiometry  (PTA)  within
 week  of  MRI.  PTA  was  performed  in  a  standard  sound-
solation  room  with  background  noise  of  <30  dB(A).  This  test
as  conducted  using  the  Otometrics  audiometer  (Astera),
hich  measured  the  conventional  frequency  thresholds  of
50---8000  Hz  for  air  conduction  and  500---4000  Hz  for  bone
onduction.  According  to  the  PTA  grading  criteria  of  the
997  World  Health  Group,  the  average  thresholds  of  binaural
ir  conduction  at  500,  1000,  2000,  and  4000  Hz  were  calcu-
ated  as  the  average  hearing  threshold  (PTA  500---4000  Hz).
he  average  thresholds  at  1000  and  2000  Hz  were  used  as
he  mid-frequency  hearing  threshold  (PTA  1000---2000  Hz)
nd  those  at  4000  and  8000  Hz  were  used  as  the  high-
requency  hearing  threshold  (PTA  4000---8000  Hz).  MD  staging
as  obtained  by  calculating  the  average  hearing  thresholds
ng  thresholds  for  stages  1,  2,  3,  and  4  were  ≤25,  26---40,
1---70,  and  >70  dBHL,  respectively.
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he  patient  was  placed  in  the  prone  position  with  the  head
ilted  to  the  side,  and  the  external  auditory  canal  was
ocally  disinfected.  The  tympanic  membrane  surface  was
ubsequently  anesthetized  using  tetracaine  hydrochloride
nd  punctured  at  the  anterior  lower  quadrant;  0.5  mL  of

 Gd  contrast  agent  (gadopentetate  and  saline  mixed  at  a
atio  of  1:7)  was  then  injected  into  the  tympanic  chamber.
his  procedure  was  repeated  on  the  other  ear.  After  the

njection,  the  patient  was  instructed  to  lie  in  the  supine
osition  with  the  affected  ear  facing  upward  for  approx-
mately  30  min,  with  minimal  talking  and  swallowing.  MRI
as  performed  24  h  later.  The  specific  parameters  of  the
D-real  IR  sequence  were  as  follows:  echo  time  187  ms,
epetition  time  6000  ms,  Inversion  Time  (TI)  1730  ms,  band-
idth  501  Hz/Px,  echo  train  length  124,  flip  angle  120◦,
eld-of-view  200  ×  200  mm2,  matrix  384  ×  384,  slice  thick-
ess  0.8  mm,  PAT2,  and  scan  time  6  min  38  s.

valuation  of  EH

he  MRI  results  were  classified  according  to  the  degree  of  EH
sing  the  criteria  described  by  Gürkov  et  al.8 in  2011.  Four
cales  were  used  for  cochlear  EH:  Scale  0  (none  hydrops,
o  enlargement  of  the  endolymphatic  space  is  noted  in
he  cochlea  and  vestibule,  and  the  perilymphatic  space  is
learly  visible)  (Fig.  1a);  Scale  1  (mild  hydrops,  the  endolym-
hatic  space  is  enlarged  with  hypointensity  bulging  into  the
erilymphatic  space  with  hyperintensity)  (Fig.  1b);  Scale

 (marked  hydrops,  the  endolymphatic  space  is  enlarged,
he  scala  media  is  convex  to  the  scala  vestibuli,  and  the
erilymphatic  space  is  semicircular)  (Fig.  1c);  and  Scale

 (extreme  hydrops,  the  endolymphatic  space  is  severely
ilated,  the  scala  media  continues  to  be  convex  to  the
cala  vestibuli,  and  the  perilymphatic  space  is  compressed
nto  a  flattened  line)  (Fig.  1d).  Vestibular  EH  was  classified
nto  three  degrees  by  calculating  the  ratio  of  the  area  of
he  endolymphatic  space  to  the  total  area  of  the  endolym-
hatic  and  perilymphatic  spaces  (R-value),  with  R  ≤  1/3  for
rade  0  (no  hydrops)  (Fig.  2a),  1/3  <  R  <  1/2  for  Grade  1

mild  hydrops)  (Fig.  2b),  and  R  ≥  1/2  for  Grade  2  (significant
ydrops)  (Fig.  2c).  All  imaging  results  were  evaluated  by  two
pecialized  radiologists.  Inconsistent  results  were  resolved
y  consulting  a  senior  radiologist.

tatistical  analysis

easurement  data  and  count  data  are  reported  as  the
ean  ±  standard  deviation  and  rate  (%),  respectively.

isher’s  exact  test  was  used  to  analyze  EH  in  different  loca-
ions  within  the  cochlea.  The  t-test  was  used  to  compare
he  mean  hearing  thresholds  at  different  hydrops  sites.  The
ann---Whitney  U  test  was  used  to  compare  the  clinical  stag-

ng  of  different  sites.  The  correlations  among  the  degree

f  EH,  PTA,  and  the  clinical  stage  were  analyzed  using  the
pearman  rank  correlation  test;  p  <  0.05  was  considered  to
ndicate  statistical  significance.  All  data  were  analyzed  using
PSS  25.0.
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esults

TA  and  staging

he  PTA  500---4000,  250---500,  1000---2000,  and  4000---8000  Hz
alues  for  the  62  affected  ears  were  58.97  ±  18.15,
9.48  ±  18.27,  57.34  ±  20.21,  and  64.84  ±  18.95  dBHL,
espectively.  The  staging  results  for  the  62  affected  ears
ere  as  follows:  5  ears  in  stage  1,  6  ears  in  stage  2,  36  ears

n  stage  3,  and  15  ears  in  stage  4.

omparison  of  PTA  and  staging  at  different  EH  sites

here  were  2  ears  with  no  hydrops,  8  ears  with  isolated
ochlear  EH,  3  ears  with  isolated  vestibular  EH,  and  49
ars  with  cochlear  and  vestibular  EH.  The  PTA  500---4000  Hz
alue  was  61.25  ±  17.79  dBHL  for  the  cochlear  and  vestibu-
ar  EH  group,  48.52  ±  17.73  dBHL  for  the  isolated  cochlear
r  vestibular  EH  group,  and  54.38  ±  2.65  dBHL  for  the  no
ydrops  group.  The  PTA  of  the  cochlear  and  vestibular  EH
roup  was  higher  than  that  of  the  isolated  cochlear  or
estibular  EH  group  (t  = 2.150,  p  <  0.05)  but  did  not  signifi-
antly  differ  from  that  of  the  no  hydrops  group  (t  =  −0.450,

 >  0.05).  Staging  in  the  isolated  cochlear  or  vestibular  EH
roup  was  longer  than  that  in  the  cochlear  and  vestibular
H  group  (Z  = −2.239,  p  <  0.05)  but  did  not  significantly  differ
rom  that  in  the  no  hydrops  group  (Z  =  −0.972,  p  > 0.05).

orrelation  of  the  degree  of  vestibular  EH  with  PTA
nd staging

n  terms  of  the  degree  of  vestibular  EH  in  the  62  affected
ars,  10  ears  were  grade  0,  29  ears  were  grade  1,  and  23  ears
ere  grade  2  (Table  1).  There  was  no  significant  correlation
etween  the  grading  of  vestibular  EH  in  the  affected  ear  and
oth  PTA  500---4000  Hz  and  clinical  stage  (all  p  >  0.05).  There
as  also  no  significant  correlation  between  the  vestibular
H  of  the  affected  ear  and  the  PTA  250---500,  1000---2000,
nd  PTA  4000---8000  Hz  values  (all  p  >  0.05).

orrelation  of  the  degree  of  cochlear  EH  with  PTA
nd staging

n  terms  of  the  degree  of  cochlear  EH  in  the  62  affected
ars,  5,  14,  36,  and  7  ears  were  classified  as  grades  0,  1,
,  and  3,  respectively  (Table  1).  The  degree  of  cochlear
H  in  the  affected  ear  was  significantly  correlated  with
he  PTA  500---4000  Hz  value  (r  =  0.417,  p  =  0.001;  Fig.  3).  The
egree  of  cochlear  EH  in  the  affected  ear  was  positively
orrelated  with  the  PTA  250---500  and  1000---2000  Hz  values
r-values  of  0.479  and  0.426,  respectively;  both  p  <  0.01).
here  was  no  significant  correlation  between  the  degree

f  cochlear  EH  in  the  affected  ear  and  the  PTA  4000---8000
z  value  (p  >  0.05).  However,  the  degree  of  cochlear  EH  in
he  affected  ear  was  significantly  correlated  with  staging
r  =  0.325,  p  =  0.010;  Fig.  4).
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Figure  1  Degree  of  cochlear  endolymphatic  hydrops.  (1a)  Right  cochlear  Endolymphatic  Hydrops  (EH)  is  grade  0.  (1b)  Right
cochlear EH  is  grade  1.  (1c)  Right  cochlear  EH  is  grade  2.  (1d)  Right  cochlear  EH  is  grade  3.  Orange  arrow  shows  the  area  of  EH.

Table  1  Degree  of  endolymphatic  hydrops  in  different  parts  of  the  inner  ear.

Distinct  regions  Grade  0  (n)  Grade  1  (n)  Grade  2  (n)  Grade  3  (n)

Vestibule  10  29  23
Cochlea  5  14  36  7
Cochlear middle  turn  5  17  37  3
Cochlear basal  turn  6  24  27  5

Table  2  Endolymphatic  hydrops  in  different  parts  of  the  cochlea.

Cochlear  EH  sites  Hydrops  (n)  No  hydrops  (n)  Total  (n)  Hydrops  rate  (%)

Apical  turn  58  4  62  93.55
Middle turn  57  5  62  91.94
Basal turn  56  6  62  90.32

C
d

T
m

E

EH, endolymphatic hydrops.

orrelation  between  the  degree  of  EH  and  PTA  at

ifferent cochlear  sites

he  cochlear  apical  turn  EH  rate  was  93.55%  (58/62),  the
iddle  turn  EH  rate  was  91.94%  (57/62),  and  the  basal  turn

t
E
h
g

4

H  rate  was  90.32%  (56/62);  the  differences  among  these

hree  rates  were  not  significant  (p  >  0.05,  Table  2).  The
H  grades  for  the  cochlear  basal  turn  were  as  follows:  no
ydrops  (6  ears),  grade  1  (24  ears),  grade  2  (27  ears),  and
rade  3  (5  ears).  For  the  cochlear  middle  turn,  5  ears  had
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Figure  2  Degree  of  vestibular  endolymphatic  hydrops.  (2a)  Right  vestibular  Endolymphatic  Hydrops  (EH)  is  grade  0.  (2b)  Right
vestibular EH  is  grade  1.  (2c)  Right  vestibular  EH  is  grade  2.  Orange  arrow  shows  the  area  of  EH.

Figure  3  Correlation  between  the  degree  of  cochlear  endolymphatic  hydrops  and  pure-tone  audiometry.
Figure  4  Correlation  between  the  degree  of  cochle

5

ar  endolymphatic  hydrops  and  disease  staging.
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Table  3  Correlation  between  the  degree  of  endolymphatic  hydrops  in  different  parts  of  the  cochlea  and  the  characteristic
frequency hearing  threshold.

Characteristic  frequency  Cochlear  EH  sites  r  p-Value

PTA1000---2000  Hz Middle  turn  0.324  0.001
PTA4000---8000  Hz Basal  turn  0.013  0.919
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EH, endolymphatic hydrops.

o  hydrops,  17  ears  were  grade  1,  37  ears  were  grade  2,
nd  3  ears  were  grade  3.  The  PTA  1000---2000  Hz  value  in  the
ffected  ear  was  significantly  correlated  with  the  degree  of
iddle  turn  EH  (r  =  0.324,  p  =  0.01),  while  the  PTA  4000---8000
z  value  in  the  affected  ear  was  not  significantly  correlated
ith  the  degree  of  basal  turn  EH  (p  >  0.05)  (Table  3).

iscussion

RI  after  administration  of  Gd  contrast  agents  is  a  com-
only  employed  clinical  tool  to  assess  inner  ear  EH.  While
d  contrast  agents  penetrate  the  perilymphatic  space  of  the

nner  ear,  they  cannot  penetrate  the  endolymphatic  space
ue  to  the  blood-labyrinth  barrier.  Perilymphatic  spaces
ith  injected  Gd  contrast  agents  appear  hyperintense,  while
ypointensity  is  observed  in  endolymphatic  spaces  with-
ut  Gd  contrast  agents;  this  allows  for  differentiation  of
he  endolymphatic  and  perilymphatic  spaces,  and  thus  the
bjective  assessment  of  EH.  The  administration  of  Gd  con-
rast  agents  to  the  inner  ear  involves  delivery  via  the  middle
ar  using  intravenous  injection.  After  Gd  contrast  agents
re  injected  via  a  tympanic  membrane  puncture,  they  pass
hrough  the  round  window  membrane  into  the  perilymphatic
pace.  Tympanic  membrane  puncture  contrast  is  superior
o  intravenous  administration.12 In  this  study,  Gd  contrast
gents  were  administered  via  intravenous  injection  through

 bilateral  tympanic  puncture.  Hyperintensity  was  clearly
isible  in  the  perilymphatic  space,  with  good  Gd  penetra-
ion.

The  TI  of  3D-FLAIR  is  set  to  the  endolymph  over  the  zero
oint,  at  which  the  endolymph  and  cerebrospinal  fluid  are
uppressed  and  appear  as  a  hypointense  area.  In  contrast,
he  perilymph  is  observed  as  a  hyperintense  region  on  the
mage.  Since  the  surrounding  bone  is  also  hypointense,  it  is
ifficult  to  completely  distinguish  it  from  the  boundary  of
he  endolymph.  This  leads  to  some  difficulties  in  the  deter-
ination  of  EH.  In  this  study,  a  3D-real  IR  sequence  was

sed  for  real-part  reconstruction,  and  the  TI  of  the  inversion
ecovery  sequence  was  at  the  middle  of  the  point  at  which
he  endolymph  and  perilymph  crossed  zero.  The  perilymph,
urrounding  bone  tissue,  and  endolymph  appeared  hyper-
ntense,  isointense,  and  hypointense,  respectively,  on  the
mage.  This  greatly  facilitated  a  more  accurate  distinction
nd  identification  of  the  site  and  degree  of  EH.6,7

The  various  criteria  used  for  the  identification  of  EH
iffer  slightly  among  researchers,  and  an  international  stan-
ard  is  lacking.  In  2009,  Nakashima  et  al.3 first  graded

ochlear  and  vestibular  EH  by  observing  the  position  of  Reiss-
er’s  membrane  and  calculating  the  R-value;  both  cochlear
nd  vestibular  EH  were  classified  into  three  grades.  The
011  criteria  are  based  on  the  2009  criteria,  which  classify

l
e
c
t

6

he  cochlear  EH  into  four  grades  based  on  the  upper  and
ower  planes  of  the  modiolus.  In  contrast,  the  criteria  by
akashima  et  al.  are  extended  for  vestibular  EH.3 Bernaerts
t  al.13 classified  cochlear  EH  into  three  grades  and  vestibu-
ar  EH  into  four  grades  by  visual  inspection.  Fang  et  al.14

dded  the  determination  of  semicircular  canal  EH,  which
as  evaluated  more  extensively.  The  criteria  put  forth  by
ürkov  et  al.8 are  more  detailed  for  cochlear  EH  grading
nd  show  greater  consistency  across  observers.

MD  is  one  of  the  most  common  causes  of  peripheral
ertigo  and  is  often  associated  with  recurrent  fluctuating
earing  loss.  Hearing  loss  often  differs  in  the  distinct  regions
f  the  inner  ear  in  which  EH  occurs.  The  PTA  of  patients  with
estibular  and  cochlear  EH  was  previously  found  to  be  higher
han  that  of  patients  with  isolated  cochlear  or  vestibular
H15;  this  finding  is  supported  by  the  results  of  our  present
tudy.

The  association  between  the  degree  of  EH  and  the
earing  threshold  has  also  been  reported  previously.  Yang
t  al.16 demonstrated  that  the  degree  of  both  vestibular
nd  cochlear  EH  in  patients  with  MD  was  significantly  cor-
elated  with  the  hearing  threshold.  The  results  of  the  study
ndicated  that  the  degree  of  cochlear  EH  was  significantly
orrelated  with  both  the  mean  hearing  threshold  and  dis-
ase  stage,  but  no  direct  associations  were  noted  between
estibular  EH  and  the  mean  hearing  threshold  or  disease
tage.  This  may  be  because  the  vestibule  is  mainly  a  human
alance  receptor,  while  the  cochlea  is  primarily  responsi-
le  for  sound  encoding;  thus,  cochlear  EH  may  have  greater
ffects  on  the  function  of  auditory  hair  cells.

Some  studies  have  focused  on  the  association  between
earing  thresholds  in  different  frequency  bands  and  the
egree  of  effusion.  For  example,  Zhang  et  al.17 found  that
ow-,  mid-,  and  high-frequency  hearing  thresholds  corre-
ated  well  with  the  degree  of  cochlear  and  vestibular  EH.
un  et  al.18 found  that  the  degree  of  EH  was  significantly
orrelated  with  the  low-frequency  hearing  threshold  and
isease  stage.  Shi  et  al.19 also  observed  that  the  degree
f  cochlear  and  vestibular  EH  was  significantly  correlated
ith  low-frequency  hearing  thresholds.  Likewise,  our  results

howed  a  good  correlation  between  cochlear  EH  and  low-
nd  mid-frequency  hearing  thresholds.  These  findings  indi-
ate  a  correlation  between  the  degree  of  MD-associated  EH
nd  the  hearing  threshold;  the  more  severe  the  degree  of
H,  the  greater  the  hearing  loss,  with  the  low-frequency
earing  threshold  being  more  closely  related  to  the  degree
f  cochlear  EH.

The  cochlear  structure  produces  a  specific  frequency-

ocation  map  due  to  its  frequency  specificity  for  sound
ncoding.  Therefore,  different  locations  of  cochlear  EH  may
ause  hearing  loss  with  different  frequency  characteris-
ics.  Our  evaluation  of  hearing  thresholds  for  different  EH
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ites  in  the  cochlea  revealed  that  cochlear  middle  turn  EH
as  significantly  correlated  with  the  mid-frequency  hear-

ng  threshold,  while  no  such  association  was  found  between
asal  turn  EH  and  the  high-frequency  threshold.  This  may
e  attributed  to  the  possibility  that  MD  causes  some  alter-
tion  of  the  original  cochlear  frequency-position  map  after
H.20 In  addition,  the  frequency  range  of  the  cochlea  is
ider  for  encoded  sounds  than  for  PTA,  and  the  mid-  and
igh  frequencies  of  PTA  were  not  exactly  equivalent  to  the
haracteristic  frequencies  of  the  middle  and  basal  turns  of
he  cochlea.  This  may  account  for  the  lack  of  correlation
etween  the  high-frequency  hearing  threshold  and  apical
urn  EH.  In  the  study,  there  was  no  significant  difference  in
he  probability  of  EH  developing  in  the  apical,  middle,  and
asal  turns  of  the  cochlea,  which  may  be  due  to  the  lim-
ted  number  of  study  participants.  In  contrast,  some  studies
ave  reported  that  MD-associated  EH  develops  in  the  top
urn  and  gradually  spreads  to  the  basal  turn.21 Overall,  our
esults  indicate  that  EH  in  different  parts  of  the  cochlea  may
ffect  hearing  thresholds  at  characteristic  frequencies,  and
his  finding  is  best  reflected  by  the  relationship  between  the
id-frequency  hearing  threshold  and  the  degree  of  cochlear
iddle  turn  EH.

imitations

his  study  has  a  few  limitations.  Our  results  showed  that  PTA
n  patients  with  both  vestibular  and  cochlear  EH  was  higher
han  that  of  patients  with  isolated  cochlear  or  vestibular  EH.
owever,  as  there  were  too  few  ears  with  isolated  vestibu-

ar  EH,  we  combined  isolated  vestibular  EH  and  isolated
ochlear  EH  into  one  group  for  analysis.  There  is  a  need
or  further  studies  with  larger  sample  sizes,  particularly  for
ases  with  no  hydrops.  Furthermore,  due  to  the  difficulty
nd  subjectivity  in  determining  the  degree  of  apical  turn
H,  this  study  only  evaluated  the  presence  or  absence  of
ydrops  and  did  not  grade  cochlear  parietal  rotation  EH.

onclusion

n  summary,  the  greater  the  degree  of  EH  in  patients  with
D,  the  greater  the  hearing  loss.  This  association  is  par-

icularly  evident  in  cases  of  cochlear  EH.  A  significant
orrelation  is  reported  between  EH  in  different  cochlear
ites  and  hearing  loss  in  different  frequency  bands,  mainly
etween  cochlear  middle  turn  EH  and  the  mid-frequency
TA  hearing  threshold.
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