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Abst r act  
Al t hough many per sons wi t h sensor i neur al  hear i ng l oss ( SNHL)  seeki ng hear i ng car e do not  
have act i ve ear  di sease,  audi ol ogi st s must  appr eci at e t he pot ent i al l y dynami c and t r eat abl e 
nat ur e of  some et i ol ogi es of  SNHL.  Thi s i s par t i cul ar l y i mpor t ant  now as audi ol ogi st s ar e 
i ncr easi ngl y empl oyed i n pr i vat e pr act i ce or  ot her  cl i ni cal  set t i ngs t hat  may ser ve as t he poi nt  
of  ent r y f or  hear i ng car e .  I n t hi s paper ,  we r evi ew a var i et y of  cl i ni cal  ent i t i es af f ect i ng newbor n 
i nf ant s,  chi l dr en,  and adul t s t hat  ar e associ at ed wi t h dynami c SNHL.  Usi ng a case r epor t  
f or mat ,  we i l l ust r at e t r eat ment - r el at ed changes i n SNHL,  emphasi zi ng t he audi ol ogi st ' s r ol e 
i n pat i ent  management .  
Key Wor ds:  Aut oi mmune di sease,  ear  di sease,  Meni er e' s di sease,  pr ogr essi ve hear i ng 
l oss,  sensor i neur al  hear i ng l oss ( SNHL)  

A 

ecor di ng t o convent i onal  audi ol ogi c 
wi sdom,  sensor i neur al  hear i ng l oss 
( SNHL)  i s not  t r eat abl e sur gi cal l y or  

medi cal l y.  For  exampl e,  i n t he 1979 edi t i on of  
hi s t ext book,  Newby st at es t hat  " I n cont r ast  t o 
conduct i ve i mpai r ment s,  whi ch ar e f r equent l y 
suscept i bl e t o medi cal  or  sur gi cal  t r eat ment ,  
sensor i neur al  hear i ng l oss gener al l y cannot  be 
hel ped t hr ough t r eat ment ,  wi t h t he except i on of  
t he l oss due t o Meni er e' s di sease and sudden,  
sever e deaf ness .  .  . "  ( p .  95) .  Mar t i n ( 1991)  con-
cur s,  not i ng t hat  " habi l i t at i on and r ehabi l i t a-
t i on of pat i ent s wi t h sensor i neur al  hear i ng l osses 
of  cochl ear  or i gi n i s consi der abl y mor e di f f i cul t  
t han t hat  of  pat i ent s wi t h conduct i ve l esi ons .  
Medi cal  or  sur gi cal  cor r ect i on i s usual l y obvi -
at ed by t he ver y nat ur e of  t he di sor der "  ( p.  316) .  

I n f act ,  however ,  t her e i s gr owi ng cl i ni cal  
evi dence t hat  t he SNHL associ at ed wi t h a var i -  
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et y of  di seases may be amenabl e t o medi cal  or  
sur gi cal  t r eat ment  ( Tabl e 1) .  Numer ous l abor a-
t or y t est s,  r adi ol ogi c st udi es,  and ot her  di agnos-
t i c medi cal  pr ocedur es ar e empl oyed i n t he 
det ect i on and di agnosi s of  t he cl i ni cal  ent i t i es 
l i st ed i n Tabl e 1.  A di scussi on of  t hese medi cal  
pr ocedur es i s,  however ,  beyond t he scope of  t hi s 
paper .  Our  f ocus i s on t he r ol e of  audi ol ogi c 
assessment  and di agnosi s of  SNHL.  Pr oper  and 
t i mel y i nt er vent i on may sl ow,  st op,  or ,  i n some 
cases,  r ever se t he pr ogr essi on of  some i nner  ear  
di sor der s and t he cor r espondi ng SNHL.  Al -
t hough many per sons wi t h SNHL seeki ng hear -
i ng car e do not  have act i ve ear  di sease 
( Yar emchuk et  al ,  1990) ,  audi ol ogi st s must  ap-
pr eci at e t he pot ent i al l y dynami c and t r eat abl e 
nat ur e of  SNHL.  Thi s i s par t i cul ar l y i mpor t ant  
now as t he maj or i t y of  audi ol ogi st s ar e em-
pl oyed i n pr i vat e pr act i ce or  ot her  cl i ni cal  set -
t i ngs ( Amer i can Academy of  Audi ol ogy,  1992)  
t hat  may ser ve as t he poi nt  of  ent r y f or  hear i ng 
car e.  I n t hi s paper ,  we r evi ew br i ef l y sel ect ed 
cl i ni cal  ent i t i es t hat  may have,  as a component ,  
dynami c SNHL.  Usi ng a case r epor t  f or mat ,  we 
i l l ust r at e t r eat ment - r el at ed changes i n SNHL,  
and t he audi ol ogi st ' s r ol e i n pat i ent  manage-
ment .  
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Tabl e 1 Sel ect ed Cl i ni cal  Ent i t i es Associ at ed wi t h Dynami c and/ or  
Tr eat abl e Sensor i neur al  Hear i ng Loss ( SNHL)  

Ent i t y Char act er i st i cs Medi cal  Tr eat ment  Sur gi cal  Tr eat ment  Audi ol ogi st ' s Rol e 

Aut oi mmune Rapi d,  pr ogr essi ve St er oi ds,  cycl ophosphami de,  None Det ect i on,  audi ol ogi c 
di sease SNHL pl asmapher esi s moni t or i ng,  ampl i f i cat i on 

Meni er e' s Fl uct uat i ng SNHL,  Sal t  and caf f ei ne r est r i ct i on Endol ymphat i c sac Neur odx ( ABR,  ECochG,  
di sease epi sodi c ver t i go,  di ur et i cs,  vest i bul ar  decompr essi on/  vest i bul ar  assessment )  

ear  f ul l ness,  t i nni t us suppr essant s,  ami nogl ycosi des shunt ,  vest i bul ar  I nt r aoper at i ve,  
neur ect omy vest i bul ar ,  and 

audi ol ogi c moni t or i ng 

Meni ngi t i s Pr ogr essi ve or  Ant i bi ot i cs None Ear l y det ect i on ;  
r ever si bl e SNHL audi ol ogi c assessment ,  

moni t or i ng,  and 
management  

Syphi l i s Var i abl e SNHL,  St er oi ds,  ant i bi ot i cs None Det ect i on,  neur odx,  
some sympt oms as ampl i f i cat i on 
i n Meni er e' s di sease 

Ot oscl er osi s Conduct i ve or  Fl uor i de St apedect omy Pr e- ,  post - oper at i ve 
appar ent l y mi xed audi ol ogi c assessment  
hear i ng l oss 

Ot oscl er osi s Fl at  SNHL,  usual  Fl uor i de,  cal ci um,  Vi t ami n B None Det ect i on,  ampl i f i cat i on 
( cochl ear )  f ami l y hi st or y 

Sudden Rapi d ( < 72 hr )  St er oi ds,  car bogen,  I V None Det ect i on and audi ol ogi c 
deaf ness SNHL,  possi bl e cont r ast  medi a moni t or i ng 

ver t i go 

Per i l ymph SNHL,  di zzi ness Bedr est ,  st ool  sof t ener s,  Tympanot omy wi t h Neur odx 
f i st ul a cough suppr essant s f i st ul ar  gr af t i ng 

Ot ot oxi c SNHL,  whi ch may Cessat i on, or  r educt i on of  dr ugs None Ear l y det ect i on ;  
dr ugs pr ogr ess or  r ever se audi ol ogi c assessment ,  

moni t or i ng,  and 
management  

Head Fl at ,  r ever si bl e SNHL Bedr est  None Audi ol ogi c assessment  
i nj ur y and moni t or i ng 

Adapt ed wi t h per mi ssi on f r om Hi cks and Wr i ght ,  1991 .  

CASE REPORTS 

Case 1:  Meni er e' s Di sease 

Cl i ni cal  Fi ndi ngs 

A 65- year - ol d woman wi t h t he chi ef  com-
pl ai nt  of  r ecur r ent  ver t i go was r ef er r ed f r om an 
ot ol ar yngol ogi st  i n an out l yi ng communi t y.  She 
r epor t ed a 20- year  hi st or y of  di zzy spel l s .  Mor e 
r ecent l y,  t he epi sodes of  ver t i go occur r ed ap-
pr oxi mat el y once per  mont h wi t hout  war ni ng 
and l ast ed f or  about  1 hour .  Ext ended per i ods of  
medi cal  t her apy f or  r el i ef  of  her  ver t i go had 
been unsuccessf ul .  On physi cal  exami nat i on,  
ot oscopi c,  nose,  and t hr oat  f i ndi ngs wer e nor -
mal ,  and no nyst agmus was obser ved.  I ni t i al  

audi ol ogi c assessment  ( Fi g.  1)  showed a moder -
at e- t o- sever e SNHL bi l at er al l y,  gr eat er  f or  t he 
l ef t  ear .  Tympanomet r y was consi st ent  wi t h 
sl i ght l y negat i ve mi ddl e ear  pr essur e.  Cr ossed 
and uncr ossed acoust i c r ef l exes,  however ,  wer e 
r ecor ded at  nor mal  st i mul us i nt ensi t y l evel s i n 
dB HL and,  act ual l y,  ver y r educed sensat i on 
l evel s ( 5- 25 dB) ,  suggest i ng a SNHL of  cochl ear  
or i gi n .  

Audi t or y br ai nst em r esponse ( ABR)  assess-
ment  was r ecommended,  i n vi ew of  ver y poor  
wor d- r ecogni t i on scor es and acoust i c r ef l ex de-
cay f or  t he l ef t  ear .  A wel l - f or med ABR was 
r ecor ded bi l at er al l y .  Al l  i nt er wave l at ency val -
ues wer e wi t hi n nor mal  l i mi t s and bi l at er al l y 
symmet r i cal .  Ther e was no evi dence of  
r et r ocochl ear  audi t or y dysf unct i on.  On el ect r o-  
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cochl eogr aphy ( ECochG) ,  t her e was a cl ear  
summat i ng pot ent i al  ( SP)  and act i on pot ent i al  
( AP)  wi t h st i mul at i on of  each ear .  The SP/ AP 
r at i o di d not  appear  enl ar ged ( i . e. ,  gr eat er  t han 
0. 5)  f or  ei t her  ear .  Cal or i c st i mul at i on dur i ng 
el ect r onyst agmogr aphy ( ENG)  pr oduced a l ef t  
uni l at er al  weakness,  consi st ent  wi t h l ef t  pe-
r i pher al  vest i bul ar  pat hol ogy.  The di agnosi s 
was l ef t  Meni er e' s di sease.  

The pat i ent  was pr esent ed wi t h f our  sur gi -
cal  opt i ons :  l ef t  endol ymphat i c sac decompr es-
si on;  l ef t  vest i bul ar  ner ve sect i on ( neur ect omy) ;  
l ef t  l abyr i nt hect omy;  and al so st r ept omyci n i n-
f usi on.  Gi ven t he sever e degr ee of  hear i ng l oss 
on t he l ef t ,  and al so t he possi bi l i t y of  r i ght - si ded 
Meni er e' s di sease i nvol vement ,  a l ef t  l abyr i n-
t hot omy wi t h st r ept omyci n i nf usi on was r ecom-
mended f or  t r eat ment  of  her  vest i bul ar  di sor -
der .  Hear i ng pr eser vat i on was a secondar y ob-
j ect i ve of  t hi s essent i al l y medi cal  t r eat ment  
appr oach.  The pat i ent  el ect ed t hi s t r eat ment  
opt i on.  

Two weeks f ol l owi ng t r eat ment ,  her  ver t i go 
was much i mpr oved,  but  hear i ng on t he l ef t  ear  
was decr eased ( Fi g.  2) .  Ther e was no r esponse t o 
pur e- t one si gnal s at  equi pment  l i mi t s f or  t he 
l ef t  ear ,  wher eas r i ght  ear  f i ndi ngs wer e un-
changed.  One mont h l at er  ( Fi g.  2) ,  l ef t  ear  
hear i ng had i mpr oved subst ant i al l y .  The audi o-
met r i c conf i gur at i on r esembl ed pr eoper at i ve 
f i ndi ngs,  al t hough t hr eshol ds wer e appr oxi -  

- WO - 100- l ee 0 100 100 

mat el y 20 dB poor er .  Hear i ng st at us t her eaf t er  
r emai ned essent i al l y unchanged.  Ampl i f i cat i on 
was consi der ed.  

Comment  

Fl uct uat i ng SNHL i s a char act er i st i c 
f eat ur e of  Meni er e' s di sease ( Schuknecht  and 
Guyl a,  1983) .  The audi ol ogi st  i s of t en i nvol ved 
on mul t i pl e occasi ons dur i ng t he di agnosi s and 
management  of  pat i ent s wi t h Meni er e' s di sease 
and ot her  vest i bul ar  di sor der s ( Schwaber  and 
Hal l ,  1991,  1992) .  I nvol vement  usual l y begi ns 
wi t h audi t or y neur odi agnost i c assessment ,  i n-
cl udi ng r out i ne audi omet r y and measur ement  
of  ECochG,  ABR,  and ot oacoust i c emi ssi ons,  
and al so vest i bul ar  assessment  wi t h ENG,  r o-
t ar y vest i bul ar  t est s,  and per haps ot her  ves-
t i bul ar  measur es .  The audi ol ogi st  may al so 
moni t or  t he pat i ent ' s audi t or y and/ or  vest i bul ar  
st at us dur i ng t he var i ous t ypes of  t r eat ment  
t hat  ar e empl oyed f or  r el i ef  of  sever e ver t i go 
( Schwaber  and Hal l ,  1990,  1991,  1992) .  Moni -
t or i ng appr oaches i ncl ude ser i al  audi ogr ams 
dur i ng convent i onal  medi cal  t her apy,  i nt r a-
oper at i ve ABR and ECochG moni t or i ng dur i ng 
endol ymphat i c sac decompr essi on or  vest i bul ar  
neur ect omy,  and a combi nat i on of  audi ogr ams,  
ot oacoust i c emi ssi ons,  and vest i bul ar  measur es 
( e. g. ,  r ot ar y vest i bul ar  t est s,  coupl ed wi t h ENG,  
t o pr ovi de assessment  of  cent r al  compensat i on) ,  
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dur i ng chemi cal  ( ami nogl ycosi de)  abl at i on of  
vest i bul ar  f unct i on ( Nedzel ski  et  al ,  1992) .  Fi -
nal l y,  i f  a bi l at er al ,  communi cat i vel y handi cap-
pi ng hear i ng i mpai r ment  per si st s,  t he audi ol o-
gi st  may sel ect  and di spense ampl i f i cat i on.  The 
l at est  di gi t al  and pr ogr ammabl e hear i ng- ai d 
t echnol ogy i s par t i cul ar l y appr opr i at e f or  pa-
t i ent s wi t h Meni er e' s di sease,  si nce t hei r  hear -
i ng l oss i s l i kel y t o f l uct uat e and t hei r  conf i gu-
r at i on i s of t en di f f i cul t  t o f i t  wi t h convent i onal  
hear i ng ai ds .  

Case 2:  Aut oi mmune Sensor i neur al  
Hear i ng Loss 

Cl i ni cal  Fi ndi ngs 

A 42- year - ol d mal e vet er an was f i r st  eval u-
at ed audi ol ogi cal l y i n 1978 at  t he age of  28.  He 
r epor t ed l oss of  hear i ng i n t he l ef t  ear  and a 
sl i ght  hear i ng l oss i n t he r i ght  ear  f ol l owi ng 
mi l i t ar y- r el at ed head t r auma and t empor al  bone 
f r act ur e.  Hi st or y was al so posi t i ve f or  mi l i t ar y 

KEY TO SYMBOLS 
unmasked masked 

AC O 0 
8C A A 
No Response 1 

noi se exposur e.  At  t hat  t i me,  t her e was a mod-
er at e- t o- sever e hi gh- f r equency SNHL on t he 
r i ght  ear  ( Fi g.  3)  and a pr of ound SNHL on t he 
l ef t  ear  ( not  shown) .  The pat i ent  was agai n 
eval uat ed wi t hi n t he past  year ,  af t er  r epor t edl y 
exper i enci ng a sudden decr ease i n hear i ng and 
i ncr eased bi l at er al  r i ngi ng t i nni t us f or  2 mont hs .  
Magnet i c r esonance i magi ng was negat i ve f or  
r et r ocochl ear  audi t or y pat hol ogy.  An audi ogr am 
showed a moder at e l ow- t o mi d- f r equency SNHL 
i n t he r i ght  ear ,  sl opi ng t o t he sever e r ange ( Fi g.  
3) .  Wor d- r ecogni t i on scor es wer e poor .  Two days 
l at er ,  ABR assessment  wi t h r i ght  ear  st i mul a-
t i on was wi t hi n nor mal  l i mi t s ( nor mal  i nt er wave 
l at enci es) .  Al so on t hi s dat e,  pur e- t one hear i ng 
t hr eshol ds and wor d- r ecogni t i on scor es f or  t he 
r i ght  ear  wer e i mpr oved ( Fi g.  3) .  Over  t he cour se 
of  t he next  5 mont hs,  t he pat i ent  r epeat edl y 
exper i enced decr eases i n hear i ng t hr eshol ds,  
whi ch wer e managed wi t h st er oi d ( pr edni sone)  
t her apy.  Reduct i ons i n st er oi d l evel s wer e asso-
ci at ed wi t h i ncr eased hear i ng l oss and vi ce 
ver sa,  unt i l  hear i ng was st abi l i zed ( Fi g.  3) .  The 
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Fi gur e 3 Ser i al  audi ogr ams ( r i ght  ear  onl y)  
f or  a mal e vet er an wi t h aut oi mmune i nner  
ear  di sease ( cur r ent l y 42 year s ol d) .  I ni t i al  
audi ogr am was obt ai ned 14 year s pr evi ousl y 
( case 2) .  

pat i ent  was t hen successf ul l y f i t t ed wi t h 
BI CROS ampl i f i cat i on and moni t or ed audi o-
l ogi cal l y .  Recent l y,  hear i ng t hr eshol ds have 
begun t o f l uct uat e,  and t he pat i ent  i s agai n 
under  ot ol ogi c car e.  

Comment  

Aut oi mmune SNHL i s a compl ex and poor l y 
under st ood di sor der  t hat ,  wi t hi n r ecent  year s,  
has been t he f ocus of  much basi c i nvest i gat i on 
and cl i ni cal  i nt er est  among ot ol ar yngol ogi st s 
( e. g . ,  McCabe,  1979 ;  Har r i s and Shar p,  1990;  
Hel f got t  et  al ,  1991;  Ruckenst ei n and Har r i son,  
1991 ;  Sol i man,  1992) .  The i mmune syst em nor -
mal l y f unct i ons t o pr ot ect  a per son f r om i nvad-
i ng mi cr oor gani sms ( envi r onment al  pat hogens) .  
To do t hi s,  t he i mmune syst em must ,  t hr ough 
an i nt r i cat e sequence of  bi ochemi cal  act i vi t i es,  
di f f er ent i at e bet ween " sel f "  and " nonsel f "  
( Har r i s and Shar p,  1990;  Ruckenst ei n and 
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Har r i son,  1991) .  Even a cur sor y expl anat i on of  
t he mechani sms of  t he i mmune r esponse i s 
beyond t he scope of  t hi s paper .  An aut oi mmune 
r eact i on occur s when t he i mmune syst em f ai l s 
t o di st i ngui sh bet ween sel f  and nonsel f .  The 
i nner  ear  i s " at t acked"  by i t s def ense syst em 
( e. g. ,  l ymphocyt es,  macr ophages,  and endo-
l ymph i mmunogl obul i n component s)  as i f  i t  
wer e f or ei gn,  wi t h r esul t i ng i nf l ammat i on,  
vascul i t i s,  and di sr upt i on of  nor mal  physi ol ogi c 
pr ocesses.  The cl i ni cal  pr esent at i on of  aut o-
i mmune SNHL,  whi ch may occur  at  any age,  i s 
hi ghl y var i abl e,  but  usual l y i ncl udes a bi l at er al  
SNHL,  whi ch pr ogr esses over  weeks or  mont hs .  
The SNHL,  however ,  may be asymmet r i c or  
even uni l at er al  and may f l uct uat e.  Vest i bul ar  
sympt oms ar e of t en,  but  not  i nvar i abl y,  r epor t -
ed.  

I mmedi at e r ecogni t i on of  t he possi bi l i t y of  
aut oi mmune di sease i n a pat i ent  wi t h bi l at er al ,  
pr ogr essi ve SNHL and pr ompt  ot ol ogi c r ef er r al  

403 



Jour nal  of  t he Amer i can Academy of  Audi ol ogyNol ume 4,  Number  6,  November  1993 

ar e cl ear l y t he most  i mpor t ant  cont r i but i ons an 
audi ol ogi st  can make t o management .  Rout i ne 
audi ol ogi c assessment  wi l l  est abl i sh a SNHL,  
but  a t hor ough hi st or y i s r equi r ed t o ver i f y t he 
pr ogr essi ve cour se of  t he di sease.  Numer ous 
l abor at or y t est s have been r epor t ed f or  conf i r -
mat i on of  suspect ed aut oi mmune SNHL,  among 
t hem t est s f or  cel l ul ar  i mmuni t y,  humor al  i m-
muni t y,  and nonspeci f i c scr eeni ng t est s f or  
ser ol ogi c ant i gens ( e. g . ,  West er n bl ot  anal ysi s of  
ser um t o i dent i f y aut oant i bodi es t hat  ar e di -
r ect ed agai nst  i nner  ear  ant i gens) .  I f  one of  t he 
i mmune scr een t est s i s posi t i ve,  t r eat ment  i s 
begun i mmedi at el y.  Ther e i s cur r ent l y no con-
sensus as t o t he most  appr opr i at e medi cal  
t her apy,  but  st er oi ds ( e. g . ,  dexamet hasone) ,  
vasodi l at or s,  cycl ophosphami de,  met hot r exat e,  
i mmunosuppr essant s,  and pl asmapher esi s have 
al l  been used cl i ni cal l y .  The ef f i cacy of  medi cal  
t her apy f or  aut oi mmune di sease i s al so t he t opi c 
of  ongoi ng r esear ch.  I n any event ,  t her e i s cl ear -
cut  evi dence t hat  aut oi mmune SNHL can be 
r ever sed,  par t i al l y or  compl et el y,  wi t h pr ompt  
di agnosi s and appr opr i at el y aggr essi ve medi cal  
t r eat ment .  

Cases 3 and 4:  Ot oscl er osi s 

Cl i ni cal  Fi ndi ngs f or  Case 3 

A 70- year - ol d mal e vet er an compl ai ned of  
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no hear i ng i n t he r i ght  ear ,  decr eased hear i ng i n 
t he l ef t  ear ,  di f f i cul t y di scr i mi nat i ng bet ween 
sounds,  and di f f i cul t y l ocal i zi ng sounds .  He had 
been awar e of  a pr ogr essi ve hear i ng def i ci t  f or  
appr oxi mat el y 40 year s.  He descr i bed l ong-
st andi ng occupat i onal  and mi l i t ar y noi se expo-
sur e .  The hi st or y i ncl uded l ef t  ear  t r auma and 
an abscess wi t h a per f or at i on t hat  heal ed,  but  
no pr i or  ear  i nf ect i ons,  dr ai nage,  or  sur ger y.  
The ear  exami nat i on was unr emar kabl e .  

I ni t i al  audi ol ogi c assessment  ( Fi g.  4)  r e-
veal ed a moder at e,  sl opi ng,  appar ent l y SNHL 
i n t he l ef t  ear  and a sever e mi xed hear i ng l oss i n 
t he r i ght  ear .  Bone- conduct i on t hr eshol ds i n t he 
r i ght  ear  wer e i n t he 60 t o 70 dB r ange.  Tymp-
anogr ams wer e t ype A bi l at er al l y,  al t hough 
sl i ght l y shal l ower  i n t he r i ght  ear .  Cr ossed 
acoust i c r ef l exes wer e not  obser ved,  and 
uncr ossed acoust i c r ef l exes wer e not  measur ed.  
Wor d- r ecogni t i on scor es wer e good ( 92%)  f or  t he 
l ef t  ear  and poor  ( 24%)  f or  t he r i ght  ear .  Two 
weeks l at er ,  t he pat i ent  under went  a 
st apedect omy on t he r i ght  ear .  The post oper a-
t i ve audi ogr am showed a mar ked i mpr ovement  
( 40- 45 dB)  i n ai r - conduct i on t hr eshol ds,  but  
al so a 10 t o 20 dB i mpr ovement  f or  bone- conduc-
t i on t hr eshol ds .  Resul t s f or  t he r i ght  ear  onl y 
ar e di spl ayed i n Fi gur e 5.  

Cl i ni cal  Fi ndi ngs f or  Case 4 

The pat i ent  was a 32- year - ol d woman wi t h 

Fi gur e 4 I ni t i al  audi ogr am f or  
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st apedi al  ot oscl er osi s ( case 3) .  
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LEFT EAR 
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Fi gur e 5 Post oper at i ve audi o-
gr am f or  case 3.  

a hi st or y of  gr adual l y pr ogr essi ve hear i ng l oss 
i n bot h ear s,  gr eat er  on t he l ef t  ear .  Ot oscopi c 
f i ndi ngs wer e nor mal .  Her  i ni t i al  audi ogr am 
( Fi g.  6)  showed a sever e,  appar ent l y mi xed 
hear i ng l oss bi l at er al l y.  Bone- conduct i on t hr esh-
ol ds wer e abnor mal ,  but  t he maski ng di l emma 
pr ecl uded compl et e bone- conduct i on pur e- t one 
audi omet r y .  The sensor i neur al  acui t y l evel  
( SAL)  t est  conf i r med ear - speci f i c bone- conduc-
t i on f i ndi ngs f or  t he l ef t  ear .  On i mmi t t ance 
measur ement ,  t ympanogr ams wer e t ype Ag and 
no acoust i c r ef l exes wer e obser ved.  The di agno-
si s was st apedi al  ot oscl er osi s,  and t he pat i ent  
el ect ed t o under go a smal l  f enest r a st apedect omy 
on t he l ef t .  Gr oss f i xat i on and obl i t er at i on of  t he 

st apes f oot pl at e wer e document ed dur i ng sur -
ger y .  A 4. 5- mm Causse pr ost hesi s ( 0. 6 mm i n 
di amet er )  was at t ached t o t he i ncus,  i nser t ed 
i nt o t he vest i bul e,  and secur ed wi t h bi t s of  
f asci a .  Pal pat i on showed good movement  of  t he 
ossi cul ar  pr ost hesi s .  Post oper at i vel y,  t he pa-
t i ent  exper i enced some nausea but  was ot her -
wi se i n sat i sf act or y condi t i on.  

The f i r st  post oper at i ve audi ogr am,  obt ai ned 
1 week af t er  sur ger y,  r eveal ed an appr oxi mat el y 
20 dB decr ease i n ai r -  and bone- conduct i on 
t hr eshol ds on t he l ef t  ear ,  most l y i n t he l ow-
f r equency r egi on ( t op por t i on of  Fi g.  7) .  A mask-
i ng di l emma was agai n encount er ed dur i ng 
bone- conduct i on pur e- t one measur ement ,  but  
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t he SAL t est  conf i r med ear - speci f i c bone- con-
duct i on r esponses on t he l ef t .  Wor d- r ecogni t i on 
scor e was al so mar kedl y decr eased post -
oper at i vel y .  The pat i ent  had,  over  t he pr evi ous 
2 days,  exper i enced ver t i go and not i ced de-
cr eased hear i ng on t he l ef t .  The pat i ent  was 
admi t t ed t o t he hospi t al  and,  on t he f ol l owi ng 
day,  t r eat ed wi t h ant i bi ot i cs and st er oi ds and 
t aken back t o t he oper at i ng r oom.  A l ar ge,  
gr anul omat ous r eact i on t o t he pr ost hesi s was 
not ed.  The gr anul at i on t i ssue was car ef ul l y 
r emoved f r om t he i ncudost apedi al  and f oot pl at e 
r egi on.  The f or mer  pr ost hesi s was t hen r epl aced 
wi t h a 4. 0- mi n Robi nson pr ost hesi s .  The pat i ent  
t ol er at ed t he pr ocedur e wel l .  An audi ogr am 2 
weeks af t er  t hi s second sur gi cal  pr ocedur e ( bot -
t om por t i on of  Fi g.  7)  showed hear i ng sensi t i v-
i t y wi t hi n nor mal  l i mi t s t hr ough 2000 Hz and a 
sever e hear i ng l oss at  f r equenci es of  4000 Hz 
and above.  Wor d r ecogni t i on was excel l ent .  

Comment  

Ot oscl er osi s of  t he st apes f oot pl at e i s an ear  
di sease wi t h cl i ni cal  f eat ur es t hat  ar e r eadi l y 

20 

r ecogni zed by most  audi ol ogi st s ( Hal l  and 
Ghor ayeb,  1991) .  The char act er i st i c audi omet -
r i c pat t er n i s a conduct i ve hear i ng l oss wi t h a 
r i si ng conf i gur at i on and a sl i ght ,  but  di st i nct ,  
decr ease i n t he hear i ng t hr eshol d l evel  at  2000 
Hz ( " Car har t ' s not ch" ) .  I mmi t t ance measur e-
ment  t ypi cal l y shows a nor mal l y shaped but  
shal l ow ( t ype A e)  t ympanogr am,  wi t h no det ect -
abl e acoust i c r ef l ex act i vi t y ( cr ossed or  
uncr ossed)  wi t h t he pr obe i n t he i nvol ved ear .  

A sensor i neur al  component ,  however ,  may 
al so be a f eat ur e of  ot oscl er osi s i nvol vi ng t he 
st apes f oot pl at e.  The r el at i onshi p bet ween mi d-
dl e ear  and cochl ear  mechani cs,  especi al l y i n 
pat hol ogi c ear s,  has been appr eci at ed and i n-
vest i gat ed exper i ment al l y and cl i ni cal l y f or  
many year s.  St apes f oot pl at e i mmobi l i t y and 
mechani cal  r est r i ct i on of  per i l ymph can af f ect  
cochl ear  f unct i on and pr oduce an appar ent  def i -
ci t  i n bone- conduct i on pur e- t one t hr eshol ds .  
Af t er  a ser i es of  exper i ment s,  f or  exampl e,  
Tonndor f  ( 1964)  not ed t hat  " a combi nat i on of  a 
l ar ge mass adher i ng t o t he st apes ( e. g . ,  a so-
cal l ed ` i ceber g'  ot oscl er ot i c f ocus of  t he f oot -
pl at e)  i f  associ at ed wi t h mi ni mal  f i xat i on may 
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pr oduce a BC l oss whi ch cl i ni cal l y may be i nt er -
pr et ed as bei ng i ndi cat i ve of  a di mi ni shed 
` cochl ear  r eser ve'  and t hus be consi der ed a 
cont r ai ndi cat i on t o sur ger y"  ( p .  661) .  Wi t h sur -
gi cal  r econst r uct i on of  t he ossi cul ar  chai n,  par -
t i cul ar l y an i mpr ovement  i n mobi l i t y at  some 
poi nt  on t he st apes f oot pl at e,  cochl ear  f l ui ds ar e 
" r el eased"  and bone- conduct i on pur e- t one 
t hr eshol ds i mpr ove.  I n addi t i on,  t he osseot ym-
pani c component  of  bone- conduct i on hear i ng i s 
pr obabl y r est or ed by t he sur ger y.  That  i s,  t he 
acoust i cal  ener gy i n t he medi al  ear  canal ,  pr o-
duced by vi br at i on of  t he bony ear  canal  wal l s i n 
t hat  por t i on of  t he ear  canal ,  i s t r ansduced t o 
mechani cal  ener gy and t r ansmi t t ed mor e ef f ec-
t i vel y t hr ough t he mi ddl e ear  syst em af t er  t he 
sur ger y.  Sur ger y may al so r est or e,  t o some 
ext ent ,  t he ossi cul ar  i ner t i a cont r i but i on t o bone-
conduct i on hear i ng.  

Deci si ons on whet her  sur gi cal  or  nonsur gi cal  
( e. g . ,  f l uor i cal )  management  of  ot oscl er osi s i s 
most  appr opr i at e depend,  i n par t ,  on accur at e 
def i ni t i on of  bone- conduct i on,  as wel l  as ai r -
conduct i on,  t hr eshol ds .  I t  woul d be i deal  i f bone-
conduct i on measur ement  wer e mi ni mal l y i nf l u-
enced by mi ddl e ear  st at us .  As i l l ust r at ed by 
cases 2 and 3,  however ,  convent i onal  bone-
conduct i on audi omet r y may over est i mat e t he 
degr ee of  sensor i neur al  component  and under -
est i mat e t he si ze of  t he ai r - bone gap i n 
ot oscl er osi s .  I n some cases,  bone- conduct i on 
hear i ng st at us appear s t o be r ef l ect ed mor e 
accur at el y by t he sensor y acui t y l evel  ( SAL)  t est  
t han convent i onal  bone- conduct i on t echni que.  
When a pat i ent  pr esent s wi t h a modest  ai r -
bone gap by pur e- t one audi omet r y and appear s 
t o be a candi dat e f or  ampl i f i cat i on,  but  t he ai r -
bone gap i s accompani ed by i mmi t t ance f i nd-
i ngs t hat  ar e consi st ent  wi t h ot oscl er osi s ( t ype 
Ae t ympanogr ams and absent  acoust i c r ef l exes) ,  
t he audi ol ogi st  shoul d def er  a hear i ng ai d con-
sul t at i on and f i t t i ng pendi ng ot ol ogi c consul t a-
t i on.  Fai l ur e t o do so i n such cases may deny t he 
pat i ent  t he possi bi l i t y of  i mpr oved hear i ng 
t hr ough medi cal  or  sur gi cal  t her apy.  Ampl i f i ca-
t i on may,  of  cour se,  st i l l  r emai n t he manage-
ment  of  choi ce f or  t he hear i ng i mpai r ment .  

Case 5:  Head I nj ur y 

Cl i ni cal  Fi ndi ngs 

A 23- year - ol d mal e col l ege st udent  was i n-
vol ved i n an al t er cat i on,  f el l  backwar d,  and 
st r uck hi s head at  t he occi put .  He l ost  consci ous-
ness br i ef l y.  He t hen compl ai ned of  a headache 

i n t he r i ght  f r ont opar i et al  r egi on and bi l at er al  
t i nni t us .  One day af t er  t he acci dent ,  he al so 
exper i enced nausea and vomi t i ng.  Physi cal  ex-
ami nat i on of  t he ear  was unr emar kabl e,  wi t h no 
evi dence of  hemot ympanum or  ot her  si gns of  
t r auma- r el at ed ot ol ogi c pat hol ogy.  On a hi gh-
r esol ut i on comput er i zed t omogr aphy ( CT)  scan 
of  t he t empor al  bone,  t her e was evi dence of  a 
f r act ur e on t he l ef t  si de,  but  t he r i ght  si de 
appear ed nor mal ,  yet  t he pat i ent ' s i ni t i al  
audi ogr am 2 days post  i nj ur y ( Fi g.  8)  showed a 
sever e,  f l at  sensor i neur al  hear i ng l oss on t he 
r i ght  and a mi l d,  r i si ng sensor i neur al  hear i ng 
l oss on t he l ef t  ear .  Mi ddl e ear  f unct i on was 
nor mal  by i mmi t t ance measur ement .  The di -
agonal  pat t er n of  acoust i c r ef l ex abnor mal i t y 
was consi st ent  wi t h sever e sensor y hear i ng l oss 
on t he r i ght .  The wor d- r ecogni t i on scor e on t he 
r i ght  was poor .  Audi t or y evoked r esponses ( au-
di t or y br ai nst em,  mi ddl e l at ency,  l at e,  and P300 
r esponses)  r ecor ded on t he same day ( not  shown)  
wer e nor mal .  Over  t he cour se of  t he next  3 
weeks,  t her e was a gr adual  i mpr ovement  i n 
pur e- t one hear i ng t hr eshol d l evel s and wor d-
r ecoghi t i on scor es on t he r i ght  ear  ( Fi g.  9) .  
Synt het i c sent ence i dent i f i cat i on ( SSI )  per f or m-
ance ( i psi l at er al  mode,  MCR = 0 dB)  al so i m-
pr oved over  t hi s t i me per i od.  Ther e was no 
f ur t her  change i n hear i ng st at us af t er  t he t est -
i ng at  21 days post  i nj ur y ( bot t om por t i on of  Fi g.  
9) .  

Comment  

Head i nj ur y,  wi t h or  wi t hout  t empor al  bone 
f r act ur e,  may pr oduce a var i et y of  audi omet r i c 
pat t er ns,  r angi ng f r om nor mal  hear i ng t o pr o-
f ound SNHL ( Schuknecht ,  1974;  Ghor ayeb et  
a1, 1987;  Hal l ,  1988) .  As i l l ust r at ed by t hi s case,  
t her e i s not  al ways a di r ect  l i nk bet ween CT 
evi dence of t empor al  bone f r act ur e and audi ol ogi c 
f i ndi ngs .  That  i s,  hear i ng may r emai n nor mal  
on t he si de wi t h t empor al  bone f r act ur e,  i f  t he 
mi ddl e ear ,  cochl ea,  and ei ght h ner ve ar e spar ed.  
Conver sel y,  hear i ng may be sever el y af f ect ed on 
t he si de wi t hout  t empor al  bone f r act ur e.  The 
mechani sm i n such cases may be sof t  t i ssue 
( membr anous l abyr i nt h)  damage- a " cochl ear  
concussi on. "  Wi t h spont aneous r epai r  of  t he 
l abyr i nt hi ne st r uct ur es and at  l east  par t i al  r es-
t or at i on of cochl ear  physi ol ogi c pr ocesses,  SNHL 
may be r ever sed.  For  case 5,  ser i al  audi omet r y 
document ed a gr adual  i mpr ovement  i n sensor y 
hear i ng st at us over  t he cour se of  weeks af t er  
head i nj ur y .  I n pat i ent s wi t h bi l at er al  t r auma-
r el at ed hear i ng l oss,  audi ol ogi c management ,  
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Fi gur e 8 I ni t i al  audi ogr am f or  
a 23- year - ol d mal e 2 days af t er  
head i nj ur y ( case 5) .  CT scan 
showed a t empor al  bone f r act ur e 
on t he l ef t  si de and no evi dence of  
f r act ur e on t he r i ght  si de.  

f .  X1170 -  

i ncl udi ng hear i ng- ai d f i t t i ng,  shoul d be def er r ed 
unt i l  hear i ng appear s st abl e.  Si nce,  however ,  
addi t i onal  changes i n sensor i neur al  st at us may 
occur  even mont hs af t er  an i nj ur y ( Hal l ,  1988) ,  
a f l exi bl e hear i ng- ai d st r at egy shoul d be em-
pl oyed.  

CONCLUSI ONS 

n t hi s paper ,  we r evi ew a var i et y of  cl i ni cal  
ent i t i es t hat  ar e associ at ed wi t h dynami c 

SNHL,  t hat  i s,  hear i ng l oss t hat  pr ogr essi vel y 
wor sens wi t hout  t r eat ment  or  i mpr oves wi t h 
t r eat ment .  These et i ol ogi es ar e not  al ways en-
t i r el y di st i nct  or  mut ual l y excl usi ve.  For  exam-
pl e,  i mmune compl ex abnor mal i t i es have been 
r epor t ed i n pat i ent s wi t h Meni er e' s di sease and 
ot oscl er osi s ( e. g . ,  Hughes et  a1, 1983 ;  Hel f got t  et  
al ,  1991) ,  and obst r uct i on of  t he vest i bul ar  aq-
ueduct  i n ot oscl er osi s may l ead t o endo-
l ymphat i c hydr ops and Meni er e' s di sease 
( Schuknecht  and Gul ya, 1983 ;  Yoon et  al ,  1990) .  
I n addi t i on,  i mmune r esponses may cont r i but e 
t o pr ot ect i on of  t he cochl ea f r om vi r al  causes of  
SNHL,  such as cyt omegal ovi r us ( Har r i s,  1989) ,  
yet  an over l y st r ong i mmune r esponse,  whi l e 
adequat el y combat i ng t he pat hogen ( e. g . ,  syphi -
l i s) ,  may go on t o pr oduce a pr ogr essi ve SNHL 
( Har r i s,  1989) .  The l i st i ng of  cl i ni cal  ent i t i es i n 
Tabl e 1 i s cer t ai nl y not  compl et e.  Subgr oups of  
some of  t hese di sease cl assi f i cat i ons exi st .  Par -  

t i al  or  compl et e r ever sal  of  SNHL wi t h t r eat -
ment  may occur  i n a var i et y of  aut oi mmune 
di seases,  such as Behget ' s di sease ( El i dan et  al ,  
1991) ,  pol yar t er i t i s nodosa,  syst emi c l upus 
er yt hemat osus,  and Cogan' s di sease ( Har r i s 
and Shar p,  1990) .  And t her e ar e r ecent  r epor t s 
t hat  SNHL secondar y t o vascul ar  l esi ons can 
al so be r ever sed wi t h medi cal  and sur gi cal  
t her apy ( Wei dner  et  al ,  1990) .  

The dynami c SNHL encount er ed i n new-
bor n i nf ant s and young chi l dr en may pose an 
especi al  chal l enge t o pr ompt ,  yet  r at i onal ,  
audi ol ogi c management .  Sever al  r i sk cr i t er i a 
f or  hear i ng i mpai r ment  i n i nf ant s and chi l dr en,  
as def i ned by t he 1990 Joi nt  Commi t t ee on 
I nf ant  Hear i ng ( Joi nt  Commi t t ee,  1991) ,  ar e 
associ at ed wi t h pr ogr essi ve or ,  l ess of t en,  r e-
ver si bl e SNHL.  Among t hem ar e bact er i al  men-
i ngi t i s,  hyper bi l i r ubi nemi a,  congeni t al  and 
per i nat al  i nf ect i on ( e. g. ,  cyt omegal ovi r us,  syphi -
l i s,  and t oxopl asmosi s) ,  and ot ot oxi ci t y.  Hear -
i ng l oss r el at ed t o ot ot oxi ci t y may,  i n f act ,  
pr ogr ess f or  weeks and even mont hs af t er  dr ugs 
ar e no l onger  det ect abl e i n t he bl ood ( Hal l  et  al ,  
1985, 1986, 1987;  Hal l ,  1992) .  Conver sel y,  how-
ever ,  t her e i s al so l ong- st andi ng evi dence i n 
adul t  humans ( Hawki ns, 1959;  Fee and St anf or d,  
1980)  t hat  sensor y ( cochl ear )  hear i ng i mpai r -
ment  due t o ami nogl ycosi de ot ot oxi ci t y may,  
l i kewi se wi t hi n weeks or  mont hs,  r ever se af t er  
t he dr ugs ar e di scont i nued .  Mor e r ecent l y,  r e-  
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ver si bl e dr ug- i nduced SNHL i n gui nea pi gs and 
i n newbor n i nf ant s was al so r epor t ed f or  
neonat es ( e. g . ,  Col di ng et  al ,  1989;  Ni col  et  al ,  
1992) .  

One of  t he most  exci t i ng r epor t s wi t hi n t he 
past  f ew year s i s evi dence,  i n newl y hat ched 
chi cks,  t hat  gent ami ci n- i nduced sensor y hear -
i ng l oss,  whi ch f i r st  pr ogr esses t o i ncl ude t he 
ent i r e f r equency r egi on,  may t hen over  t he 
cour se of  weeks r ever se,  and hear i ng may show 
al most  compl et e r ecover y ( Gi r od et  al ,  1991) .  
Audi t or y st at us i n t hese and r el at ed st udi es by 
t he aut hor s was document ed wi t h ABRs.  Re-
mar kabl y,  r et ur n of  hear i ng i n t hese st udi es i s 
r el at ed t o cochl ear  hai r  cel l  r egener at i on .  Hear -
i ng i mpai r ment  associ at ed wi t h dr ugs may have 
a cent r al  as wel l  as a cochl ear  component .  Li ppe 
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( 1991)  demonst r at ed a decr ease and t hen a 
r ecover y of  audi t or y br ai nst em ( cochl ear  nu-
cl eus)  cel l  ar ea wi t hi n 40 days f ol l owi ng 
ami nogl ycosi de t oxi ci t y.  These cent r al  audi t or y 
ner vous syst em changes ar e pr obabl y r el at ed t o 
decr eased and t hen i ncr eased spont aneous and 
evoked act i vi t y of  af f er ent  f i ber s i n t he ei ght h 
ner ve,  whi ch,  i n t ur n,  was r el at ed t o ami no-
gl ycosi de- i nduced changes ( l oss and r egener a-
t i on)  of  cochl ear  hai r  cel l s .  These exci t i ng f i nd-
i ngs have i mpor t ant  i mpl i cat i ons f or  ear l y de-
t ect i on and appr opr i at el y aggr essi ve audi ol ogi c 
and medi cal  management  of  dr ug- i nduced 
sensor i neur al  hear i ng l oss i n i nf ant s and young 
chi l dr en.  

Whi ch audi ol ogi c pr ocedur es ar e opt i mal  
f or  r api d,  cost - ef f ect i ve,  and accur at e descr i p-  
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t i on of  sensor i neur al  audi t or y dysf unct i on? 
Cur r ent l y,  most  cl i ni ci ans cont i nue t o r el y on 
ai r -  and bone- conduct i on pur e- t one audi omet r y,  
speech t hr eshol d measur ement ,  aur al  i mmi t -
t ance measur ement  ( t ympanomet r y and acous-
t i c r ef l exes) ,  and a si mpl e measur e of  wor d 
r ecogni t i on.  Thi s r at her  t r adi t i onal  basi c 
audi ol ogi c t est  bat t er y,  however ,  i s l i kel y t o 
under go r adi cal  r evi si on bef or e t he end of  t he 
cent ur y.  Advances i n t echnol ogy and t echni ques,  
such as t he emer gence of  t r ansi ent  and di st or -
t i on pr oduct - evoked ot oacoust i c emi ssi ons,  t he 
expansi on of  compact  di sc ( CD)  speech audi om-
et r y mat er i al s,  and al gor i t hms f or  comput er -
assi st ed audi t or y evoked r esponse r ecor di ng 
and anal ysi s,  per mi t  f or  t he f i r st  t i me t he pot en-
t i al  f or  compr ehensi ve,  pr eci se,  and ver y r api d 
assessment  of  per i pher al  audi t or y f unct i on i n 
vi r t ual l y al l  pat i ent  popul at i ons.  Such advances,  
coupl ed wi t h maj or  changes i n t he pr i nci pl es of  
heal t h car e del i ver y,  ar e sur e t o exer t  an ef f ect  
on t he day- t o- day audi ol ogi c assessment  of  
sensor i neur al  hear i ng l oss .  

Pat i ent s wi t h t he chi ef  compl ai nt  of hear i ng 
l oss ( whi ch,  by audi omet r y,  i s symmet r i c wi t h 
no consi st ent  conduct i ve component )  who,  by 
hi st or y,  have no ot her  ot ol ogi c sympt oms ( e. g . ,  
di zzi ness,  ear  pai n,  t i nni t us) ,  ar e unl i kel y t o 
have ear  di sease.  The maj or i t y of  t hese pat i ent s 
have SNHL t hat  i s not  amenabl e t o medi cal  or  
sur gi cal  t r eat ment  ( Yar emchuk et  al ,  1990) .  I n 
t hi s paper ,  we r evi ew sel ect ed cl i ni cal  ent i t i es 
associ at ed wi t h SNHL t hat  may r espond t o 
ot ol ogi c i nt er vent i on.  The audi ol ogi st  must  al -
ways at t empt  t o mi ni mi ze t he r at e of  f al se 
negat i ve cl i ni cal  management  deci si ons,  t hat  
i s,  t he f ai l ur e t o r ef er  pat i ent s wi t h act i ve ear  
di sease f or  ot ol ar yngol ogi c eval uat i on.  Towar d 
t hi s end,  t he audi ol ogi st  i s wel l  advi sed t o al -
ways consi der  t he possi bi l i t y of  dynami c and 
t r eat abl e SNHL i n t he i nt er pr et at i on of  a pa-
t i ent ' s hi st or y and hear i ng t est  f i ndi ngs .  
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