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Figure 3. The time course in various types of bilateral sensorineural hearing loss (SNHL). IBSH, idiopathic bilateral SNHL;

SSNHL, sudden SNHL.

involve other areas of the central nervous system in
addition to the auditory neural pathway. Interestingly,
obvious vestibular dysfunction was not observed in
patients with an isolated inner ear disease, although
four of the six patients with an intracranial lesion or
systemic vasculitis had dizziness. The inner ear lesions
in the present series may have been limited to the
cochlea, with central compensation possibly making
the vestibular symptoms less prominent despite the
presence of some vestibular involvement.

We performed brain MRI in nine patients including
all seven with a noncochleovestibular symptom or
dizziness. Headache, altered mental state or other
abnormal neurological findings in addition to the
eighth cranial nerve dysfunction suggests the presence
of an intracranial lesion. In this situation, brain MRI is
necessary to evaluate intracranial diseases. Even
though the neurological disorders were limited to
the eighth cranial nerve, association of dizziness
with SNHL might be caused by labyrinthitis or lesions
in internal auditory canals and brain MRI may be
recommended. Prolonged unknown origin of fever
associated with bilateral SNHL is also an indication
for brain MRI to evaluate labyrinthitis and nonbac-
terial meningitis.

In the present study, pure-tone hearing thresholds
were improved in case 1 with Cryptococcus menin-
gitis and case 3 with meningeal metastasis of lym-
phoma after the intracranial administration of
antifungal and anticancer drugs, respectively. Hearing
recovery is usually difficult in patients with Crypto-
coccus meningitis [5], although a patient with this
disease was reported to show partial recovery of
hearing after treatment [5]. Hearing improvement
after treatment has also been reported in patients
with bacterial and viral meningitis [6,7]. Vasculitis
causes SNHL in patients with connective tissue
diseases such as systemic lupus erythematosus and
polyarteritis nodosa [8], with this type of hearing loss
reported to improve following plasmapheresis or
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immunosuppressive therapy using steroids or
cyclophosphamide [2,9]. In our study, case 6, who
had Sjogren syndrome, showed hearing improvement
after steroid treatment. In contrast, hearing loss in
case 5, who had Cogan’s syndrome, was not improved
by steroids. Although hearing improvement has been
described in a patient with Cogan’s syndrome [10], it
is often difficult to improve hearing loss in such
patients.

Previous case reports indicate that the etiology of
bilateral SNHL, which deteriorates more slowly than
sudden deafness and more quickly than presbycusis,
also includes meningeal carcinomatosis [11], metas-
tasis of carcinoma in the bilateral internal auditory
canal [12], mitochondrial neurogastrointestinal
encephalopathy (MINGIE) [13], and polyarteritis
nodosa [14]. These diseases were not found in the
present study due to the small size of the study. The
rapidly progressive bilateral SNHL can be induced by
various types of diseases with different etiologies
described above and, moreover, within each type of
a disease, severity of symptoms may vary widely
between patients. Therefore, further study investigat-
ing more patients with rapidly progressive bilateral
SNHL is needed to lead to definite conclusions about
the importance of clinical manifestations and indica-
tions for MRI for diagnosis of the causative diseases.

The definition of rapidly progressive SNHL. in pre-
vious reports varies, including SNHL deteriorating in
days [15] or in weeks to months [14,16-18]. However,
the disease entity described in these reports is almost
identical, which is the SNHL that progresses more
slowly than sudden deafness and more rapidly than
presbycusis. Thus, in line with those previous reports,
we defined rapidly progressive SNHL as the one that
deteriorates in days to months. The time course of
rapidly progressive bilateral SNHL compared with that
of other types of common bilateral SNHL is illustrated
in Figure 3. Idiopathic bilateral SNHL (IBSH) is a
progressive bilateral SNHL of unknown etiology and
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was proposed as a clinical entity in 1976. In IBSH,
hearing loss usually progresses over several years;
therefore, deterioration in hearing loss is slower than
that observed in the current patients [19], suggesting
different etiologies. In the current study, the four
patients with isolated inner ear disorders showed a
significantly slower deterioration in hearing loss com-
pared with the other patients. IBSH sometimes shows
rapid progression of hearing loss within several days or
weeks; therefore, patients with similar pathology to that
observed in IBSH could meet our criteria for rapidly
progressive bilateral SNHL if they visit a hospital in the
rapid phase of the disease.

A noteworthy aspect of the patients reported in this
study was that early treatment of intracranial lesions
and systemic vasculitis improved hearing loss, sug-
gesting the importance of early diagnosis of the caus-
ative disease, although further investigation of large
numbers of patients is necessary to prove the effec-
tiveness of early treatment. Early diagnosis is also
important because the causative diseases for rapidly
progressive bilateral SNHL include fatal conditions
such as meningitis or malignant diseases, or diseases
that may result in irreversible neurological deficits
such as superficial siderosis. In patients with superfi-
cial siderosis, decreasing the risk for a poor outcome
requires early diagnosis of the disease and identifica-
tion and ablation of the bleeding source [20].

Conclusion

Rapidly progressive bilateral SNHL is rare, but it
often develops as a symptom of intracranial disease
or systemic vasculitis, both of which are potentially
fatal. Hearing may recover in patients who undergo
treatment at an early stage of the causative disease.
This indicates that early diagnosis followed by appro-
priate treatment of the causative disease is critical for
the management of these patients.

Acknowledgments

We would like to thank Dr Michi Kawamoto and Dr
Nobuo Kohara in our institute for advice about diag-
nosis and treatment of patients. This study was sup-
ported by a Grant-in-Aid for Scientific Research (C)
(22591894) and a Grant-in-Aid for Young Scientists
(B) (22791642) from the Japanese Ministry of Edu-
cation, Culture, Sports, Science, and Technology.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

187

References

(1]

(2]

(3]

4]

B3]

[6]

(7]

[8]

[9]

(101

(11]

[12]

(13]

(14]

[15]

[16]

(17}

Plaza G, Durio E, Herraiz C, Rivera T, Garcia-
Berrocal JR, Asociacion Madrilena de ORL. [Consensus
on diagnosis and treatment of sudden hearing loss. Asocia-
cion Madrilena de ORL.] Acta Otorrinolaringol Esp2011;62:
144-57 (in Spanish).

Yamazaki H, Fujiwara K, Shinohara S, Kikuchi M,
Kanazawa Y, Kurihara R . Reversible cochlear disorders
with normal vestibular functions in three cases with
Wegener's granulomatosis. Auris Nasus Larynx 2012;39:
236-40.

Ishiyama A, Canalis RF. Otological manifestations
of Churg-Strauss syndrome. Laryngoscope 2001;111:
1619-24.

Iino Y. Eosinophilic otitis media: a new middle ear disease
entity. Curr Allergy Asthma Rep 2008;8:525-30.

Matos JO, Arruda AM, Tomita S, Araujo Pde P,
Madeira FB, Sarmento Junior KM. Cryptococcus menin-
gitis and reversible hearing loss. Braz J Otorhinolaryngol
2006,72:849.

Richardson MP, Reid A, Tarlow MJ, Rudd PT. Hearing
loss during bacterial meningitis. Arch. Dis. Child. 1997;76:
134-8.

Miyashita T, Kobayashi Z, Numasawa Y, Akaza M,
Ishihara S, Shintani S. Epstein-Barr virus-associated menin-
gitis presenting with hearing impairment. Intern Med 1755;
51:1755-7.

Kikuchi T, Yokoe I, Masuyama A, Maniwa K, Tsuruta S,
Hatanaka Y . Behget's disease inidally presentng with
meningitis and sudden hearing loss. Intern. Med. 2010;49:
483-6.

Kobayashi S, Fujishiro N, Sugiyama K. Systemic lupus
erythematosus with sensorineural hearing loss and improve-
ment after plasmapheresis using the double filtration method.
Intern. Med. 1992;31:778-81.

Migliori G, Battisti E, Pari M, Vitelli N, Cingolani C. A shifty
diagnosis: Cogan's syndrome. A case report and review of the
literature. Acta Otorhinolaryngol Ital 2009;29:108-13.
Shen TY, Young YH. Meningeal carcinomatosis manifested
as bilateral progressive sensorineural hearing loss. Am J Otol
2000;21:510-12.

Yamakami I, Oishi H, Iwadate Y, Yamaura A. Isolated
metastases of adenocarcinoma in the bilateral internal audi-
tory meatuses mimicking neurofibromatosis type 2-case
report. Neurol. Med. Chir. (Tokyo) 1999;39:756-61.
Kaidar-Person O, Golz A, Netzer A, Goldsher D,
Joachims HZ, Goldenberg D. Rapidly progressive bilateral
sensory neural hearing loss as a presentation of mitochondrial
neurogastrointestinal encephalomyopathy. Am J Otolaryngol
2003;24:128-30.

Wolf M, Kronenberg ], Engelberg S, Leventon G. Rapidly
progressive hearing loss as a symptom of polyarteritis nodosa.
Am J Otolaryngol 1987;8:105-8.

Terayama Y, Ishibe Y, Matsushima J. Rapidly progressive
sensorineural hearing loss (rapid deafness). Acta Otolaryngol
Suppl 1988;456:43-8.

Harris JP, Sharp PA. Inner ear autoantibodies in patients
with rapidly progressive sensorineural hearing loss. Laryn-
goscope 1990;100:516-24.

Veldman JE, Hanada T, Meeuwsen F. Diagnostic and ther-
apeutic dilemmas in rapidly progressive sensorineural hear-
ing loss and sudden deafness. A reappraisal of immune
reactivity in inner ear disorders. Acta Otolaryngol. 1993;
113:303-6.



Rapidly progressive bilateral SNHL 65

[18] Gottschlich S, Billings PB, Keithley EM, Weisman MH, [19] Yagi M, Harada T, Yamasoba T, Kikuchi S. Clinical features
Harris JP. Assessment of serum antibodies in of idiopathic bilateral sensorineural hearing loss. ORL J
patients with rapidly progressive sensorineural hearing Otorhinolaryngol Relat Spec 1994;56:5-10.
loss and Meniére's disease. Laryngoscope 1995;105: [20] Moreira NC, Nylander R, Briaukait I, Velyvyte S,
1347-52. Gleiznien R, Monastyreckien E. Superficial siderosis:

a case report. Medicina (Kaunas) 2011;47:320-2.

Notice of correction

The Early Online version of this article published online ahead of print on 21 Nov 2013 was missing information
about the authors.
The corrected version is shown here.

188



,lilﬂ!i

patecndtee
ESEORE

SR -

iy B SR A

R

Yasushi NAITO -

B = BRT

Saburo MOROTO

® Key Words @5ER, WEE, 5#75L1N—7 1 —H2@

U &I

BRICEEZELTPREBEOBHICB VT,
CT® MRIZ EDHEGEZHIIBOTERTH S
B8, THREERIEE 2 bR WRED, HEE{IH
I 5 2 BB T ORBE R BENAE, 5 B
Wis BiciE, B4 OBREEEICS U BRI
ENKERRER @Y, ZiE, ATRED
MEEADREMEEINTET VLY, ZOBER
PR T 2 IS EERTCORERT) Z TR
44T, ﬁEW#%@?%%k@%ﬁ% R
T B NEND B,

FRETIZ, TETHEL Z iz oW T OB
BREDI S, AABREAEERECOVTELY
CBridbic, MEATHEOMEHE A sh
BREICOV TS BEGIE &0 TBBIT 5,

1. MEEORS: CEsnEs

- WIEEE (binaural hearing) & i, FRIBHTS
DEICEZ SN AHEERERETY, MAOET
BLEEC L, FEOBESKIE b 3721
Tk, TEHD L OREERSEF Y — 7LD
Hr ORISR CHAS B LV IESEIhE Ik
T, %Efuﬁaﬂ&w;bﬁﬁwﬁ%ﬁﬁﬁ%
503,
PEREDZIR & LT3 E
1) BECALEEEA L FABEOBE X
ChBMEMET L, 57 PR, BEEESHELE
2 WEMERS (binaural summation)
2) WHEIE 2 &k AEHIEE o A R

t METILERE Y Y — R R SRR
(T 650-0047 SRR 1 PR IX 36 B T 2-1-1)

- HCORREDOERTEA,

ENH BEAIE—OERITE ZHERE
% (binaural fusion)

3) MECRARICESZ s Bh 2 5/ e s
BMLCABCE 2MESBEHER (binaural

separation/discrimination)

4) FHEOHEDH D B EFEEM (sound local- .

ization) .

e EBET 5N BY, A

INOOHHEEEREIIHEEROLRLTEEE
i&%%ktfﬁnfﬁb”'mﬁfﬁ<ﬁﬁ
HEIDETENKRE(HEECZ, ¥8¥F0
b 5%%?@%}“‘5%3%3‘35(% L, $8OFEEH
BHCEE L T B RIET 1 ADEEOE S £ BT
BIEDERIRD (BT TFNR—T 4 —FE)Y,

II. ARAmROERPIERE

FoEfL (localization ; auditory localization)

BRI B TR X o CHIESR L 35
BER L AR E o L BEROMBRRE LERS N
BV, FREME, EHICHL TRESR &KF
FEANEN, &4EFHERD, BEHAD.
EfLlE, FIBEBPENCL3FORMSPEESY -
LoFEL PEROHEIL & 3T 0B - £k
(EF=ZERES, head related transfer function :
HRTF) 2F#H»bh LTy, KFEHFEDEL
i3 HRTF KM THEICERET 2 B D& W 2 F]
T3, SREMOFEH»D ELTE, Thsbl
BHR L EREOM D
ZVIRAEIC B Y X 5 BEORS, BN, &
W EbETFE I L TESY,

EBIHNT 2 EEOMBIISCC, EEOET

 EWXNAFEOEE (AEMEEZE, interaural

JOHNS Vol29 No.9 2013 , 1493

189



a Intensity difference

10dB

10sec

b Time difference

) 200 psec L
A ,

10sec

B 1 /NE auditory neuropathy FIOTIEERELR (XM 7 &D3IE)
ID (2) THERN—FEOENHTERTESY, MD (b) TREEEFKE Lo THERFIELTETOEL,

level difference : ILD & % V> Ik interaural inten-
sity difference : 1ID), EERRN (HEERMEZE,
interaural time difference : ITD), fzfH7 £IicHE
EPEL B, ILD/ID IZEIMI L CEFP S
KENARA»SZTRR->CELES, TELK
NEDOESEDOEICY, EHEH L CHES 3
DT, EEFETIFICHRTOTPIIEEL .
ERENT 57-0ICEL, ZOMRIZTOAWEK
BEVIEEREW, —, ITD 3 EIEREEE
B CHRA RORMER L FH» D 0233, @E
HOFEREDOHEREI, hoBLOFE») 2E
UC, BEREOZEMZOLOORMICERT
39,

. HAGETERORE

HEBOBREIC I, BEENCHEBREOARIC
GERDAE—H—%EELTT) HkL, ~v F
74 VEROCTHERAATEZEDEERY A 3
VIRBEIT) FENH B,

#%IE HRTF 84T, &) BAZRETOBR
ECTHBY, BEELVI)AR—IANBET, X
SIBREEZERNTOBTEDH—EPA Y —h—
@E%&kk%u@ﬁ%%%?% ¥, TOk
IREBRECRREBOER2FEATIOT
ED@D&HD%@4L1§M3€5 b Y|
HTH5,

- =, “/F7iV%ﬁE?%ﬁ§@,ﬁ§W
KR E N 3 EHROMBEL BREITSEI LS D

1494

DT, EBOBEOHEIEDSDTROE, *

EENTHBY, BEBOEIREZE CERE T
H Y, ILD/IID & ITD ZFIEICHRETE 2RI &Y
B5, 2TV AV HOBIRELER AA-T5 T
13 ITD DREHNSTEE T, BRITRE & L TERY
TH 5, ITDREDERIGAIZDWTIRE { DR
E03% 5%, 2 1E Kaga 5%, auditory neu-
ropathy FEGI CEEEFRIBIMTEACH L TF
9D EWIET 5 L EEC, ILD/ID BT
EBMITD T & 2 EGEMMTE R WEHIZH
ELTws (@D, Zofllx, BEEEORE)
FREREE CORESITESLEY, ThIES
FRBMET I 22035 22 2B L, HEHEEY,

V. ATHERAETONR

AEBREOREI NS HED 1ok, A
THEOTNER ORI S 2, B, ATHE
DBE T 5 7 o 1 LB T 0 BB/ HE

C BERELR EBTbNBD, INSDLIICEE

THRELERVBE S NPT CRE CRITEEA
DAEMRFRZRLICL K, THEEOEE»S
BADIRBHETH 3,

BB CIMENENS b, BEHHET I~
dB BEREN T A28, MAATHETIE 1~2
dB : &h 3, FEEETIXILD/ID & ITD #5F
EET22, 2D L ITD TREFDOT i
(BEEIETIO s BEDT) BHEZESAHEIN
%, L2L, ATAEEBET L —ORBEEEIRE

JOHNS Vol 29 No.9 2013

190



a R TOHEER

b HEAFSOHEER

100 100
90 -7 90
80 H/ A —1 80
70 —//— 70 : .
60 - — 60 B2 MEATREERAMNRECEF2BRT
50 HZ4— 50 () BLUHEEMWE (b) OBEREN
40 - 4— 40 B ,
a0 LA 30 Ist: BANCERLEHONIAF LS TOR
20 H/4— 20 %ﬁo
O - - T 0 'Cﬂ)ﬁﬁio
- - = , - bilat. : ﬁ’@ﬂ@klﬂﬁ%ﬁﬁi LTE%EY L=
(%) st  2nd bmp (%) 1st  2nd.  bilat BORM,

B2 5 1000Hz $CTHY, LrbBERELD 10

Tuey IR L TR L T B, SO, R

AEAIABEORETCa—-FCTE3ITDE 1 ms
oA —F—icnh, HERCIEATERZY, L
Feh3o T, MEATNEOFAEREEE ILD/ID
LEoTRLNTOD EEL NG, 5%, B
ALWETITD 2FHT 5202k, EE7 0
v IR — R X BT 1 D DFER
BBETHLI,

WMEBEOHED 122 “h 7 FN—F 4 —5

B 5 h, ALRNEFAZEOFI T IS
L BERDP LT L
BITE B S/N i, —EOBEL L TOEESR
BlEER EHEHRIE NG, FlZITbNbNOEHRT
OEMIATAENRG 11 & BERTHER S &
1 A8) OMEEFEE (K2) k8w, gE
FOATATES, 2EEFMHoA TS,
BMEATHEORERZ RS &, BETORET
EHIEFME B EEA TENE R, —
B, FHOESTENLTER4SED 2 HEA»SL
S/NH 0 dB CMEAHAHEZTZET L 254,
BEHEATHRETORFERIEFHOATAEE
ﬁﬁ?ﬁ&%,Z@E%ﬁ@AlWEﬁ@ﬁ?ﬁ
63% CHBDICHL, HEATHETIX 94% T
BEL, 0L ZRETRUOTHEFALAR
DIRITETE B,
Dunn 5% Giﬁ)\“@iﬂ:/\lﬁﬁﬁﬁﬁ% ETE
ATAEFEREZ &L, BE (BE) oFTRK
AL TR 60 EBEN-HEDPSRAE—F ) 4 X%

JOHNS Vol 29 No.9 2013

m: B %nﬂ:‘?fk&ETL, EEVR

5k i O Cl Only

Cueing the
Listener

B 3 BEOSEBRCHULTH60 ESENLARNSR
E—F /A X%BHUEEEOEBEATRNE
ERE CHEATAEERE O (X 8.&

' D5|H)

EERERICAAOBN-AEOE—ZE, LA —

FIARXEEHTIEME (ET7757) TiE, BEATL

WEFERE (Ke) OAPEEAIAEE () &

WEWS/NETEERRITE SN, BZEF2DI0

BE3ERBHI T > TEEDEN NS LD (hR

T57). BEBRICAIEN/ 1 XE, RENBME

%&H FCAFTAZATREEATIRESN DA

, BV S/N L TESERIEETH D (BT T 7),

Multiple-Jammer Cognitive Load

BEL, BEERRRENS0%ICk 5 S/N ek
dTw3 (H3), ZOERBTEIHEATIAEER
ETREEATABEHEAEICHRTI dBEL S/
NIz 2 2 bR &N, HHFEISER (£
A2 i3 L EEORMBENTEE, &
DRETHAEMHAZOFHEEHAELD 5
dB BRI k> Tw5b, BREVDOIR, 0
HERIEEL HERMEE L AR am L5
&7, BEIHEDZEIZ11dB it b o T3,

1495

191



HEEBETIHELXICLTEE L ARICEEZ Oft
SR BB R WL T BHEBS Y, ME
BEDHEBER T T 21013 2D & H BB OFAE
BOEBHLERTARETH S,

TEALAEDH 7 F U 8—F 4 —518izown

T, BENERSH 5, Loizou 5 B EHAN
TOBEBERIBES L ODPOEETIT, HE
HEPEBCENSE L BB Hs LB
HEATREOHENE SN, HEEIEK
B LEELEEOMROEERESRADY,
“HIFNR—F 4 R LI BEP LI
EFELETORY v PSRV ERRLTYS, 2
OHEFE LT, ERLELS KBEDATIHET
i ITD DEA T E AW AMK X LA, MEATLA
B¢ ID/ILD RiEATEETH b, BEREED S R
FEEATNEOR A L BREFHET 2 1013, X
SR RENDETHS I, '

xEH

1) MEBICEEED > OBEEHROME, &8

&, OB, S5 TREMR P EERETRE
SNHBVEFIELEEND S,

2) FARE (FEEM) KIS HRLEZTENF
2300 DIER XN B DS, B AEHEOER
ISP E CBEELE 113 % @ ILD/IID & ITD

VERRREZRT,

3) MEATHEOFRICE > THBRER ),
b5V HEREREIFEL, TOFkoy
I ISR L I REPBETH 5

X #

1) HABEESRMEE (2011916). Audiclogy Japs,
55 :698-738, 2012, .

2) Bifsh, MBREE: FIES) WRMEUE L Byy
T FEABERME, FNEE (8B), mags
(%), 42-44H, ¥iuE, Fx, 2013

3) Moller AR : Chapter 6, 7 Directional hearing. Heay.
ing-Anatomy, Physiology, and Disorders of the Aug;.
tory System. 2nd ed, pp142-150, Academic Press,
2006. ~ .

4) Haykin S, Chen Z: The cocktail party problem. Naty.
ral Comput 17 : 1875-1902, 2005.

5) #& ¥W—:EIEENM. CLIENT 21, #£10% REsE
AE @B (#R), 54-64H, B, FFE, 2000,

6) Blauert J, Lindemann W : Auditory spaciousness :

* . some further psychoacoustic analysis. J Asoust Soc
-Am 80 : 533-542, 1986.

7) Kaga M, Kona K, Uno A, et al : Auditory perception
in auditory neuropathy : Clinical similarity with audi-
tory verbal agnosia. Brain Dev 24 :-197-202, 2002.

8) Dunn C, Noble W, Tyler R, et al: Bilateral and unilat-

eral cochlear implant users compared on speech per-
ception in noise. Ear Hear 31 : 296-298, 2010.

9) Loizou PC, Hu Y, Litovski R, et al : Speech recognition
by bilateral cochlear implant users in a cocktail-
‘party Setting. ] Acoust Soc Am 125 : 372-383, 2009.

1496 : JOHNS Vol 29 No.9 2013

192






