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Abst r act  

Hundr eds of  syndr omes may be associ at ed wi t h hear i ng i mpai r ment .  Wi t hi n r ecent  year s,  
t her e has been hei ght ened r esear ch and cl i ni cal  i nt er est  i n hear i ng and syndr omes,  pr oba-
bl y due t o bot h advances i n mol ecul ar  genet i cs and i mpr oved t echni ques f or  audi t or y 
assessment  of  i nf ant s and young chi l dr en.  An exampl e of  t he cur r ent  appr eci at i on f or  t he 
possi bl e r el at i on bet ween audi t or y dysf unct i on and syndr omes or  pat t er ns of  mal f or mat i ons 
i s t he i ncl usi on of  syndr omes as a r i sk f act or  f or  hear i ng i mpai r ment  by t he 1990 Joi nt  
Commi t t ee on I nf ant  Hear i ng .  I n t hi s paper ,  we r evi ew syndr omes and pat t er ns of  mal f or -
mat i on t hat  ar e f r equent l y or  occasi onal l y associ at ed wi t h hear i ng i mpai r ment .  I n addi t i on,  
we i l l ust r at e,  i n case st udi es,  audi t or y f i ndi ngs t hat  may be associ at ed wi t h t hr ee of  t hese 
syndr omes and pat t er ns of  mal f or mat i on :  Car pent er  syndr ome,  i cht hyosi f or m der mat osi s,  
and Townes syndr ome .  We concl ude wi t h a di scussi on of  st r at egi es f or  audi ol ogi c assess-
ment  and management  of  i nf ant s and chi l dr en wi t h syndr omes and pat t er ns of  mal f or mat i ons .  

Key Wor ds:  Ant l ey- Bi xl er  syndr ome,  audi t or y br ai nst em r esponse ( ABR) ,  Car pent er  syn-
dr ome,  Cor nel i a de Lange syndr ome,  hear i ng,  Hol l er mann- St r ei f f  syndr ome,  i t chyosi f or m 
der mat osi s,  mal f or mat i on,  ot opal at odi gi t al  syndr ome t ype I I ,  syndr omes,  Towne syndr ome,  
VATER syndr ome 

W 
i t hi n r ecent  year s,  an i ncr easi ng num-
ber  of  paper s have descr i bed audi -
t or y dysf unct i on associ at ed wi t h 

unusual  syndr omes ( e. g . ,  Ski nner ,  1981;  Egel und,  
1987;  Mar r es et  al ,  1989;  Mor r i s et  al ,  1991;  
Nor t her n and Downs,  1991;  Bess and Hal l ,  1992;  
Hal l  and Denneny,  1993) .  The hei ght ened 
r esear ch and cl i ni cal  i nt er est  i n t he t opi c i s 
pr obabl y due t o bot h advances i n mol ecul ar  
genet i cs and i mpr oved t echni ques f or  audi t or y 
assessment  of  i nf ant s and young chi l dr en,  such 
as aur al  i mmi t t ance measur es,  t he audi t or y 
br ai nst em r esponse ( ABR) ,  and ot oacoust i c emi s-  

*Di vi si on of  Hear i ng and Speech Sci ences and Depar t -
ment  of  Ot ol ar yngol ogy,  School  of  Medi ci ne,  Vander bi l t  
Uni ver si t y,  Nashvi l l e,  Tennessee ;  ( Depar t ment  of  Ot ol ar -
yngol ogy,  School  of  Medi ci ne,  Vander bi l t  Uni ver si t y,  
Nashvi l l e,  Tennessee 

Repr i nt  r equest s:  James W.  Hal l  I I I ,  Vander bi l t  Bal ance 
and Hear i ng Cent er ,  1500 21 st  Avenue Sout h,  Sui t e 2600,  
Nashvi l l e,  TN 37212- 3102 

si ons ( OAEs) .  Cur r ent  appr eci at i on f or  t he pos-
si bl e r el at i on bet ween audi t or y dysf unct i on and 
syndr omes or  pat t er ns of  mal f or mat i ons i s per -
haps best  i l l ust r at ed by passages f r om t he Joi nt  
Commi t t ee on I nf ant  Hear i ng 1990 Posi t i on 
St at ement  ( Joi nt  Commi t t ee on I nf ant  Hear -
i ng,  1991) .  The commi t t ee i ncl udes among 
neonat es ( bi r t h t o 28 days)  and i nf ant s ( 29 days 
t o 2 year s)  at  r i sk f or  hear i ng i mpai r ment  t hose 
wi t h " cr ani of aci al  anomal i es i ncl udi ng mor -
phol ogi c abnor mal i t i es of  t he pi nna and ear  
canal ,  absent  phi l t r um,  l ow hai r l i ne,  et c. "  and 
" st i gmat a or  ot her  f i ndi ngs associ at ed wi t h a syn-
dr ome known t o i ncl ude sensor i neur al  hear i ng 
l oss ( e. g . ,  Waar denbur g or  Usher ' s Syndr ome"  
( Joi nt  Commi t t ee on I nf ant  Hear i ng,  1991,  p.  15) .  

The i dent i f i cat i on of  and i nt er vent i on f or  
audi t or y dysf unct i on i n i nf ant s and chi l dr en 
wi t h syndr omes or  pat t er ns of  mal f or mat i on 
can be especi al l y chal l engi ng f or  at  l east  f i ve 
r easons.  Fi r st ,  a cur sor y under st andi ng of  em-
br yol ogy and medi cal  genet i cs and per t i nent  
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t er mi nol ogy i s,  mi ni mal l y,  essent i al .  Second,  
t her e ar e hundr eds of  syndr omes and pat t er ns 
of  mal f or mat i on t hat  may have audi t or y dys-
f unct i on as a f eat ur e.  Unf or t unat el y,  t he audi -
t or y f i ndi ngs associ at ed wi t h t he maj or i t y of  
t hese syndr omes and pat t er ns of  mal f or mat i on 
ar e not  t hor oughl y descr i bed i n t he l i t er at ur e .  
Thi r d,  t he t ype and degr ee of  audi t or y dysf unc-
t i on may var y subst ant i al l y,  r angi ng f r om con-
duct i ve hear i ng i mpai r ment  due t o mi ddl e ear  
pat hol ogy or  mal f or mat i on t o sensor y ( cochl ear )  
dysf unct i on,  t o cent r al  ner vous syst em ( CNS)  
dysf unct i on,  or  a combi nat i on of  t hese t ypes,  
and r angi ng f r om mi l d t o pr of ound i n sever i t y.  
Four t h,  t he hear i ng i mpai r ment  may not  be st a-
t i c but ,  r at her ,  pr ogr essi ve i n i t s devel opment  
and/ or  del ayed i n i t s onset .  Fi nal l y,  because chi l -
dr en wi t h syndr omes or  pat t er ns of  mal f or ma-
t i ons suspect ed of  hear i ng i mpai r ment  of t en 
have mul t i pl e sensor y and mot or  def i ci t s and 
CNS i nvol vement ,  t hey may be ext r emel y di f f i -
cul t  t o t est  wi t h convent i onal  behavi or al  audi o-
met r i c t echni ques .  

I n t hi s paper ,  we r evi ew syndr omes and 
pat t er ns of  mal f or mat i on t hat  ar e f r equent l y or  
occasi onal l y associ at ed wi t h hear i ng i mpai r -
ment .  Thi s r evi ew i s by no means exhaust i ve.  
Our  i nt ent i on i s t o pr ovi de t he cl i ni cal  audi ol o-
gi st  wi t h an i nt r oduct i on t o t he compl exi t i es of  
syndr omes af f ect i ng t he audi t or y syst em and a 
handy sour ce of  per t i nent  i nf or mat i on on t he 
t opi c,  whi ch i s not  al ways r eadi l y avai l abl e.  
Then,  we i l l ust r at e wi t h case st udi es audi t or y 
f i ndi ngs t hat  may be associ at ed wi t h t hr ee of  
t hese syndr omes.  We concl ude wi t h a di scussi on 
of  st r at egi es f or  audi ol ogi c assessment  and man-
agement  of  i nf ant s and chi l dr en wi t h syndr omes 
and pat t er ns of  mal f or mat i ons.  Def i ni t i ons of  
i mpor t ant  t er ms,  i ncl udi ng,  f or  exampl e,  t he 
di st i nct i on among a syndr ome,  an associ at i on,  
a sequence,  and a pat t er n of  mal f or mat i on;  t he 
di f f er ence bet ween mal f or mat i on,  def or mat i on,  
and di sr upt i on;  and t he di f f er ence bet ween 
her edi t ar y and congeni t al  hear i ng i mpai r ment  
ar e pr esent ed el sewher e i n t hi s i ssue.  

SELECTED SYNDROMES AND 
PATTERNS OF MALFORMATI ONS 

H undr eds of  syndr omes and pat t er ns of  mal -
f or mat i ons may have audi t or y dysf unc-  

t i on as a component .  Some syndr omes or  pat -
t er ns of  mal f or mat i ons t hat  ar e ei t her  f r equent l y 
or  occasi onal l y associ at ed wi t h hear i ng i mpai r -
ment  ar e l i st ed i n Tabl e 1.  ( These syndr omes and 
pat t er ns of  mal f or mat i on ar e ar r anged al pha-  

bet i cal l y t o f aci l i t at e qui ck access t o t he i nf or -
mat i on. )  The l i st i ngs,  and t he i nf or mat i on 
i ncl uded f or  each ent i t y,  ar e by no means exhaus-
t i ve.  Mor e det ai l ed descr i pt i ons of  t he audi t or y 
and ot her ,  mor e gener al ,  f i ndi ngs summar i zed 
i n t hese t abl es can be f ound i n t wo compr ehen-
si ve t ext books on syndr omes and pat t er ns of  
mal f or mat i on ( Jones,  1988 ;  Gor l i n et  al ,  1990) .  
We summar i ze t he i nf or mat i on,  however ,  wi t h 
t he pr esumpt i on t hat  many cl i ni cal  audi ol ogi st s 
wi l l  not  have di r ect  access t o t he or i gi nal  sour ces 
and may desi r e r eady access t o i nf or mat i on on 
whet her  audi t or y dysf unct i on i s a f eat ur e f or  syn-
dr omi c chi l dr en under goi ng hear i ng assessment .  

Unf or t unat el y,  t he publ i shed cl i ni cal  r epor t s 
of  audi t or y f i ndi ngs f or  many of  t he syndr omes 
ar e of t en r at her  l i mi t ed,  par t i cul ar l y when t hey 
pr edat e cur r ent  audi omet r i c t echni ques .  I n some 
paper s,  audi t or y dysf unct i on i s si mpl y descr i bed 
as " deaf ness. "  Wi t hout  doubt ,  audi t or y dys-
f unct i on document ed f or  t housands of  ot her  chi l -
dr en wi t h syndr omes has gone unr epor t ed.  Mea-
sur ement  of  audi t or y st at us i n chi l dr en,  i ncl ud-
i ng i nf ant s,  usi ng cur r ent  behavi or al  and el ec-
t r ophysi ol ogi c t echni ques woul d cer t ai nl y con-
t r i but e t o mor e det ai l ed descr i pt i on of  t he t ype,  
degr ee,  and t i me cour se of  hear i ng i mpai r ment  
i n syndr omes and al so pr esumabl y r esul t  i n a 
hi gher  est i mat i on of  t he pr eval ence of  hear i ng 
i mpai r ment  i n syndr omes i n gener al .  

I n Tabl e 2,  we summar i ze physi cal  f i nd-
i ngs,  audi t or y f i ndi ngs,  and t he management  
st r at egy f or  ei ght  chi l dr en eval uat ed wi t hi n t he 
past  year  by t he Audi ol ogy Cl i ni cs at  t he Van-
der bi l t  Uni ver si t y Medi cal  Cent er .  Dat a f or  each 
of  t he ei ght  chi l dr en augment  t he si mpl e descr i p-
t i on of  f i ndi ngs f or  t hese syndr omes di spl ayed 
i n Tabl e 1.  Chi l dr en wi t h t hr ee of  t hese syn-
dr omes ( Hol l er mann- St r ei f f ,  ot opal at odi gi t al  
t ype I I ,  and VATER)  ar e l ess t han 2 year s of  age.  
Di agnost i c audi ol ogi c assessment  f or  t hese t hr ee 
i nf ant s i s st i l l  i n pr ogr ess,  and t est  r esul t s ar e 
not  yet  compl et e.  Audi t or y f i ndi ngs associ at ed 
wi t h one of  t he ot her  syndr omes ( Cor nel i a de 
Lange)  have r ecent l y been r epor t ed i n some 
det ai l  i n t he l i t er at ur e ( Egel und,  1987;  Mar r es 
et  al ,  1989) .  Our  Cor nel i a de Lange pat i ent  had 
t he expect ed conduct i ve hear i ng l oss,  whi ch was 
successf ul l y managed medi cal l y and sur gi cal l y.  
The pur pose of  t he pr esent at i on of  t he f i ndi ngs 
i n Tabl e 2 i s t o hi ghl i ght  pat t er ns of  audi t or y 
f i ndi ngs t hat  may be encount er ed wi t h t hese syn-
dr omes but  have not  t o our  knowl edge been 
r epor t ed i n t he l i t er at ur e .  I t  i s cl ear  f r om i nspec-
t i on of  Tabl e 2 t hat  conduct i ve hear i ng l oss i s a 
common component  of  syndr omi c audi t or y dys-  
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Tabl e 1 Al phabet i cal  Li st i ng of  Sel ect ed Syndr omes Associ at ed 
wi t h Audi t or y Dysf unct i on*  

Syndr ome Cat egor y of  Syndr ome 
Audi t or y 

Ear  Mal f or mat i on Dysf unct i on 

Abr uzzo- Er i ckson ( cl ef t  Or of aci al  cl ef t i ng 
pal at e,  eye col oboma,  
shor t  st at ur e,  hypospadi as)  

Acr odysost osi s Skel et al  dyspl asi a 

Acr ocr ani of aci al  dyst osi s Cr ani osynost osi s 

Acr of aci al  dysost osi s Head and neck 
( Reynol ds syndr ome)  

Ant l ey- Bi xl er  Cr ani osynost osi s 

Aper t  Head and neck 
( acr ocephal osyndact yl y)  

Aur o- di gi t al - anal  Cr ani osynost osi s 

Bal l er - Ger ol d Cr ani osynost osi s 

Beckwi t h- Wei demann Over gr owt h syndr ome 

Br anch i o- ot o- r enal  Br anchi al  ar ch 

Campomel i c Chondr odyspl asi a 

Camur at i - Engl emann Connect i ve t i ssue 

Car pent er  Cr ani osynost osi s 

Cer ebr o- cost o- mandi bul ar  Mi scel l aneous 

Cer vi co- ocul o- acoust i c Br anchi al  ar ch 
( Wi l der vanck)  

CHARGE ( associ at i on)  Mi scel l aneous associ at i on 

CHI LD Li mb def ect  

Cl ef t  l i p sequence Faci al  def ect s 

Cl ef t  pal at e syndr omes Or of aci al  cl ef t i ng 

Cl ei docr ani al  dyst osi s Ost eochondr odyspl asi a 

Cor nel i a de Lange Smal l  st at ur e 
( Br achmann de Lange)  

Cr ouzon Cr ani osynost osi s 

Sof t ,  pr omi nent  pi nnae MHL,  SNHL 

Ot i t i s medi a ( r ecur r ent  ear  i nf ect i ons)  CHL 

Dyspl ast i c ear s MHL 

MHL 

Dyspl ast i c ear s,  l ow- set  pr ot r udi ng CHL 
ear s,  EAC at r esi a 

Low- set  ear s,  ot i t i s medi a,  congeni t al  CHLt  
ossi cul ar  ( st apes)  f i xat i on 

SNHLt  

Dyspl ast i c ear s,  l ow- set  ear s CHL 

Ear  l obe gr ooves,  i ndent ed ear  l esi ons CHL 
on hel i x or  concha 

Pr eaur i cul ar  or  hel i cal  pi t s,  var i ous CHL,  SHL,  MHLt  
f or ms of  abnor mal  pi nnae,  nar r ow or  
at r et i c EAC,  f used ossi cl es,  i nner  ear  
mal f or mat i ons 

Ot i t i s medi a CHL 

MHL 

Low- set  ear s,  pr eaur i cul ar  pi t s CHL,  SHL,  MHL 

SNHL? 

Pr eaur i cul ar  t ags,  mal f or med pi nnae,  CHL,  SNHL,  MHLt  
at r et i c EAC,  ossi cul ar  abnor mal i t i es,  
i nner  ear  and vest i bul ar  abnor mal i t i es 

E = ear  anomal i es ;  ear  may be smal l ,  CHL,  SHL,  MHLt  
cup- shaped,  l op- shaped 

SNHL? 

Mi ddl e ear  dysf unct i on ( ot i t i s medi a)  CHLt  

Lar ge ear s,  ot i t i s medi a,  ossi cul ar  CHLt  
f i xat i on 

Mi ddl e ear  dysf unct i on ( i ncompl et e CHL 
mast oi d ai r  cel l  devel opment )  

Low- set  ear s SNHLf  

EAC at r esi a,  ot i t i s medi a ( cl ef t  pal at e)  CHL 
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Tabl e 1 ( Co nt ' d)  Al phabet i cal  Li s 
wi t h Audi t  

t i ng of  Sel ect ed Syndr omes Associ at ed 
or y Dysf unct i on*  

Syndr ome Cat egor y of  Syndr ome Ear  Mal f or mat i on 

Cockayne 

Cr ani odi aphyseal  dyspl asi a 

Seni l e- l i ke appear ance 

Cr ani ot ubul ar  di sor der  

SN 

MH 

Cr ani omet aphyseal  dyspl asi a Ost eochondr opl asi a 

del  18q 

Di ast r ophi c dyspl asi a Ost eochondr odyspl asi a 

Chr omosomal  abnor mal i t y Pr omi nent  ant i hel i x & ant i t r agus,  
nar r ow or  at r et i c EAC 

Audi t or y 
Dysf unct i on 

HL 

Lt  

SNHL,  CNS 

CHL 

EAC st enosi s,  ossi cul ar  f i xat i on,  ot i t i s CHLr  
medi a ( cl ef t  pal at e)  

Dysker at osi s congeni t a Hemar t oses 

Ect r odact yl y- ect oder mal  Faci al - l i mb def ect s 
dyspl asi a- cl ef t i ng 

Faci o- audi o- symphal angi sm 

Faci o- aur i cul o- r adi al  
dyspl asi a 

Fanconi  pancyt openi a Li mb def ect s 

Fet al  i odi ne def i ci ency ef f ect s Envi r onment al  agent s 

Fet al  met hyl  mer cur y ef f ect s Envi r onment al  agent s 

Fet al  t r i met hadi one ef f ect s Envi r onment al  agent  

FG Faci al - l i mb def ect s 

SNHL? 

Smal l  or  mal f or med aur i cl es,  mi ddl e CHL,  SNHL 
ear  dysf unct i on ( secondar y t o cl ef t  
pal at e) ,  ossi cul ar  mal f or mat i on 

CHLr $ 

Dyspl ast i c pi nnae CHL 

Aur i cul ar  anomal y SNHL? 

SNHL,  CNSt  

SHLt  

Poor l y devel oped,  cupped,  or  CHL,  SNHL? 
over l appi ng hel i x 

Smal l ,  si mpl e ear s SNHL,  CNS 

Fi br odyspl asi a ossi f i cans Connect i ve t i ssue di sor der  
pr ogr essi va 

Fount ai n Unusual  f aci es 

Fr aser  ( cr ypt opht hal mos)  Head and neck 

SNHL? 

SNHLt  

Mal f or med pi nnae,  ot i t i s medi a,  CHL 
st enot i c EAC,  ossi cul ar  def ect s 

Fr ont omet aphyseal  dyspl asi a Ost eochondr opl asi a 

Gol denhar  Faci al - aur i cul o- ver t ebr al  
spect r um ( 1st  and 2nd 
br anchi al  ar ch syndr ome 

MHL,  SNHLt t  

Mi cr ot i a,  pr eaur i cul ar  t ags and/ or  pi t s,  CHL,  SHL,  MHLt  
mi ddl e ear  dysf unct i on 

Gol t z- Gor l i n ( f ocal  der mal  Ski n di sor der  
hypopl asi a)  

Haj du- Cheney Bone di sor der  
( acr oost eol ysi s)  

MHLt  

CHL,  SNHLt  

Hay- Wel l s syndr ome of  Faci al - l i mb def ect s Cup- shaped ear s,  EAC at r esi a,  CHL 
ect oder mal  dyspl asi a mi ddl e ear  dysf unct i on 
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Tabl e 1 ( Cont ' d)  Al phabet i cal  Li st i ng of  Sel ect ed Syndr omes Associ at ed 
wi t h Audi t or y Dysf unct i on*  

Syndr ome Cat egor y of  Syndr ome Ear  Mal f or mat i on 
Audi t or y 

Dysf unct i on 

Hunt er  St or age di sor der  SHL or  MHLt $ 
( mucopol ysaccar i dosi s I I )  

Hur l er - Schei e compound St or age di sor der s Ot i f s medi a CHL,  MHL 
( mucopol ysaccar i dosi s I  H/ S)  

Hyper phosphat asemi a Bone di sor der  USHL 

Hypot el or i sm- mi cr ot i a- cl ef t i ng Hypopl ast i c pi nnae and EAC,  at r et i c CHL 
( Bi xl er )  EAC,  ossi cul ar  abnor mal i t i es 

Johanson- Bl i zzar d Smal l  st at ur e SNHLt  

Kar t agener  Mi scel l aneous sequences Mi ddl e ear  dysf unct i on secondar y t o CHLt  
mast oi di t i s 

Keut el  Mi scel l aneous Di f f use cal ci f i cat i on of  pi nnae car t i l age MHL 

KI D syndr ome Ski n di sor der  K= ker at osi s,  I  =i cht hyosi s,  SNHLf  
D = deaf ness 

Ki l l i an/ Teschl er - Ni col e Chr omosomal  abnor mal i t y Lar ge ear s wi t h pr ot r udi ng l obul es,  CHL,  SNHL,  MHL 
( t et r asomy 12p)  st enosi s of  EAC 

Kl i ppel - Fei l  sequence Mi scel l aneous CHL,  SHLt  

Kni est  dyspl asi a Skel et al  di sor der  Ot i t i s medi a CHL,  SHLt  
( met at r opi c dyspl asi a,  t ype I I )  

LADD syndr ome L = l acr i mo,  A = aur i cul o,  Cup- shaped pi nnae SNHL 
D = dent o,  D = di gi t al  

Lenz- Maj ewski  Bone di sor der  SNHLt  

LEOPARD syndr ome L = l ent i gi nes,  E = el ect r o-  SNHLt  
( mul t i pl e l ent i gi nes car di ogr aphi c abnor mal i t i es,  
syndr ome)  O = ocul ar  hyper t el or i sm,  

P = pul moni c st enosi s,  
A = abnor mal  geni t al i a,  
R = r et ar dat i on of  gr owt h,  
D = deaf ness 

Levy- Hol l i st er  Lacr i mo- aur i cul o- dent o-  Smal l ,  cup- shaped ear s ;  shor t  hel i x MHL,  SNHLt  
di gi t al  syndr ome 

'  Mannosi dosi s ( I I )  St or age di sor der  SNLt  

Mar shal l  Faci al  def ect s SHLf  

Maxi l l of aci al  dysost osi s,  Cr ani of aci al  def ect s Pr omi nant  pi nnae MHLt  
X- l i nked 

McCune- Al br i ght  Hemar t oses ( smal l  spot s Nar r owi ng of  I AC NHL 
or  t umor s)  

Mel ni ck- Fr aser  Br anchi al  ar ch anomal i es Pr eaur i cul ar  pi t s,  mal f or med mi ddl e/  CHL,  SHL,  MHLt  
i nner  ear  
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Tabl e 1 ( Cont ' d)  Al phabet i cal  Li st i ng of  Sel ect ed Syndr omes Associ at ed 
wi t h Audi t or y Dysf unct i on*  

Syndr ome Cat egor y of  Syndr ome Ear  Mal f or mat i on 
Audi t or y 

Dysf unct i on 

Met aphyseal  chondr opl asi a,  Ost eochondr odyspl asi a SNHL? 
Jansen t ype 

Mi l l er  ( post axi al  acr of aci al  Faci al - l i mb def ect s Hypopl ast i c,  cup- shaped ear s CHL 
dysost osi s)  ( syndr ome r esembl es Nager  and 

Tr eacher  Col l i ns)  

Mohr  Faci al - l i mb def ect s Mi ddl e ear  ( ossi cul ar )  mal f or mat i on CHLt  

Mor at eaux- Lamy ( mucopol y-  St or age di sor der  Upper  r espi r at or y t r act  i nf ect i ons wi t h MHL,  SHLf  
sacchar i dosi s VI )  ot i t i s medi a 

Mor qui o ( mucopol y-  St or age di sor der  Upper  r espi r at or y t r act  i nf ect i ons wi t h MHL,  SHLt  
sacchar i dosi s I V)  ot i t i s medi a 

Mul t i pl e l ent i gi nes Hamar t oses ( many t umor s)  LEOPARD i s an acr onym,  SHLf  
D = deaf ness,  pr omi nent  ear s 

Mul t i pl e synost osi s Skel et al  dyspl asi a Fusi on of  mi ddl e ear  ossi cl es CHLt  
( symphal angi sm)  ( st apl es f i xat i on)  

Mur cs associ at i on Mi scel l aneous Ext er nal  ear  def ect s CHL,  SHL 

Nager  Faci al - l i mb def ect s Pr eaur i cul ar  t ags,  aur al  at r esi a CHL,  MHLt  

Neur of i br omat osi s I I  NHL ( bi l at er al )  

Noonan Moder at e smal l  st at ur e Low- set  and/ or  abnor mal  aur i cl es SHL,  NHLt  

Ocul odent odi gi t al  ( ocul o-  Faci al - l i mb def ect s CHL 
dent odi gi t al  dyspl ast i a)  

t ype 1 ( Lobst ei n di sease)  

Or al - f aci al - di gi t al  Low- set  ear s CHL 

Ot odent al  Head and neck SHLT$ 

Ot o- pal at o- di gi t al ,  t ype I  Faci al - l i mb def ect s Cl ef t  pal at e wi t h mi ddl e ear  dysf unct i on CHLt  
( Taybi  syndr ome)  

Ost eopet r osi s ( Al ber s-  Bone di sor der  USHL 
Schonber g di sease)  

Ost eopet r osi s ( beni gn aut o-  Bone di sor der  CHL 
somal  domi nant  Type I )  

Ot o- pal at o- di gi t al ,  Faci al - l i mb def ect s Low- set  ear s,  mi ddl e ear  dysf unct i on CHL 
t ypes I  and I I  ( cl ef t  pal at e)  

Pal l i st er - Ki l l i an Chr omosomal  abnor mal i t y Fl eshy pi nnae USHL 
( mosai c t et r asomy 12p)  

Post axi al  acr of aci al  dysost osi s Cl ef t  pal at e,  cup- shaped pi nnae,  CHL 
( Mi l l er  syndr ome,  mal f or med EAC and mi ddl e ear  
Wi l der vanck- Smi t h 
syndr ome,  Genee-  
Wi edemann syndr ome)  

Pr oger i a Seni l e- l i ke appear ance Mi ddl e ear  dysf unct i on CHL,  SHL,  CNS 
( Hut chi nson- Gi l f or d)  ( ossi cul ar  f i xat i on)  



Jour nal  of  t he Amer i can Academy of  Audi ol ogy/ Vol ume 6,  Number  1,  Januar y 1995 

Tabl e 1 ( Cont ' d)  Al phabet i cal  Li st i ng of  Sel ect ed Syndr omes Associ at ed 
wi t h Audi t or y Dysf unct i on*  

Audi t or y 
Syndr ome Cat egor y of  Syndr ome Ear  Mal f or mat i on Dysf unct i on 

Ri eger  Mi scel l aneous CHL 

Robi n sequence Faci al  def ect s Mi ddl e ear  dysf unct i on CHL 
( Pi er r e Robi n syndr ome)  

Saet hr e- Chot zen Cr ani osynost osi s Pr omi nent  ear  cr us,  smal l  ear s,  CHL,  SNHL 
ot i t i s medi a 

Si al i dosi s St or age di sor der  USHL 

Sanf i l l i ppo ( mucopol y-  St or age di sor der  USHL 
sacchar i dosi s I I I )  

Schei e ( mucopol y-  St or age di sor der  SNHL? 
sacchar i dosi s I  S)  

Scl er ot osi s Ost eochondr opl asi a Nar r owi ng of  I AC NHL 

Sent er  ( i cht hyosi f or m Ect oder mal  dyspl asi a Excessi ve EAC ski n debr i s SNHL 
er yt hr oder ma)  

Shpr i nt zen Faci al - l i mb def ect s Mi nor  aur i cul ar  abnor mal i t i es,  cl ef t  CHLt  
pal at e ( eust achi an t ube)  

St i ckl er  Faci al - l i mb def ect s Mi ddl e ear  dysf unct i on ( cl ef t  pal at e)  CHL,  SNHL,  MHLt  

Townes Faci al - l i mb def ect s Lar ge ear s,  poor l y f or med ear s,  or  SNHL 
( Townes- Br ock)  mi cr ot i a ;  pr eaur i cul ar  t ags ( r esembl es 

VATER syndr ome and f aci o- aur i cul o-  
ver t ebr al  sequence)  

Tr eacher  Col l i ns Mandi bul of aci al  dysost osi s Mal f or med aur i cl es,  EAC def ect ,  CHL,  MHLf  
aur al  at r esi a/ mi cr ot i a 

Tr i somy 13 Chr omosomal  abnor mal i t y Abnor mal  hel i ces,  l ow- set  ear s SNHL 

Tr i somy 14 Chr omosomal  abnor mal i t y Pr eaur i cul ar  t ags or  pi t s,  occasi onal  CHL 
EAC at r esi a 

Tr i somy 8 Chr omosomal  abnor mal i t y Pr omi nent  cup- shaped ear s wi t h CHL 
t hi ck hel i ces 

Van Buchem di sease Bone di sor der  SNHL,  MHL$ 

VATER associ at i on Mi scel l aneous SNHL 

Vel ocar di of aci al  Head and neck Smal l  aur i cl es,  t hi ckened hel i ces,  CHL 
( Shpr i nt zen,  Sel ackova)  ot i t i s medi a ( cl ef t  pal at e)  
Waar denbur g [ t ypes I , I I ] )  Faci al  def ect s SHLt  

XO ( Tur ner )  Chr omosomal  abnor mal i t y Pr omi nent  and pr ot r udi ng aur i cl es SNHLf  

' Compi l ed f r om Jones,  1988,  Gor l i n et  al ,  1990 .  
t Hear i ng l oss i s of t en a pr omi nent  f eat ur e of  t he syndr ome .  
t Pr ogr essi ve hear i ng l oss .  
CHL = conduct i ve hear i ng l oss,  SHL = sensor y hear i ng l oss,  SNHL = sensor i neur al  hear i ng l oss,  USHL = unspeci f i ed hear i ng l oss,  
NHL = Vl l l t h cr ani al  ner ve i nvol vement ,  MHL = mi xed hear i ng l oss,  CNS = cent r al  ner vous syst em i nvol vement .  
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Tabl e 2 Summar y of  t he Char  
Mal f or ma 

Syndr ome Pat i ent  Age/ Gender  

Ant l ey- Bi xl er  2 yr s,  f emal e 

Car pent er ' s 6 mo,  f emal e 

Cor nel i a de 1 . 5 yr s,  f emal e 
Lange 

Hol l er mann-  1 . 5 yr s,  f emal e 
St r ei f f  

Ot opal at odi gi t al  2 mo,  mal e 

Sent er  4 mo 
( i cht hyosi s)  

Towne 5 yr s,  f emal e 

act er i st i cs and Management  of  Sel ect ed Chi l dr en wi t h Syndr omes and 
t i ons at  t he Vander bi l t  Uni ver si t y Medi cal  Cent er  

Physi cal  Fi ndi ngs Audi t or y Fi ndi ngs 
Audi ol ogi c/ Ot ol ogi c 
Management  St r at egy 

Mi df ace hypopl asi a,  
choanal  at r esi a,  upper  
ai r way obst r uct i on,  
r ecur r ent  ot i t i s medi a,  
devel opment al  del ay,  
car di ac ar r est ,  spi ne and 
l i mb def or mi t i es,  vagi nal  
at r esi a 

Syndact yl y,  ki dney 
def or mi t y,  r ecur r ent  ot i t i s 
medi a,  ver y smal l  ext er nal  
ear  canal s 

Bi l at er al  ot i t i s medi a 

Cat ar act s,  mi cr opht hal mi a,  
shor t  st at ur e,  devel op-
ment al ,  del ay,  smal l  ear s,  
hypopl ast i c nasal  car t i l age 
( " pi nched nose" ) ,  
hypot r i chosi s 

Low- set  ear s,  mi cr ognat hi a,  
cl ef t  pal at e,  bowi ng of  l ong 
bones,  over l appi ng di gi t s 

Low- set  ear s ;  def or med ear  
l obes ;  peel i ng,  cr acki ng,  
and scal y ski n ;  f l at t ened 
nose 

Chr oni c ot i t i s medi a,  smal l  
pi nna wi t h cupped- shape 
hel i x,  smal l  st at ur e,  si ngl e 
ki dney,  i mper f or at ed anus 
di gi t al  def or mi t i es 

Type B t ympanogr ams ;  
SF SAT at  80 dB HL,  no 
r esponse t o pur e t ones 
i n sound f i el d,  I MP:  
pr of ound mi xed hear i ng 
i mpai r ment  

Type B t ympanogr ams,  
moder at e- sever e CHL 
by ABR bef or e and af t er  
PE t ubes,  I MP:  per si st ent  
si gni f i cant  CHL,  possi bl e 
ossi cul ar  chai n 
mal f or mat i on 

Type B t ympanogr ams,  
SF SAT and pur e- t one 
r esponses at  80 dB HL 
moder at e- sever e CHL'  
by ABR pr e- PE t ubes,  
I MP:  nor mal  hear i ng 
sensi t i vi t y post - PE 
t ubes 

Mi l d hear i ng i mpai r ment  
by pur e- t one and speech 
audi omet r y i n SF I MP:  
possi bl e mi l d SNHL i n 
bet t er  ear  

Del ayed ABR absol ut e 
l at enci es and 40-  t o 50-
dB ABR t hr eshol ds,  I MP:  
moder at e appar ent  CHL 

Nor mal  mi ni mal  
r esponses f or  speech 
and t onal  si gnal s,  af t er  
r emoval  of  ski n debr i s 
f r om EAC,  ABR wi t hi n 
nor mal  l i mi t s,  I MP:  
nor mal  per i pher al  and 
br ai nst em audi t or y 
f unct i on 

Tr acheot omy,  ant i bi ot i cs,  
myr i ngot omy and 
t ympanost omy t ubes,  
f ul l  ABR wi t h sedat i on 

Ant i bi ot i cs,  bi l at er al  
myr i ngot omi es and 
t ympanost omi es,  hear i ng 
ai d use 

Myr i ngot omy and 
t ympanost omy t ubes,  
ant i bi ot i cs,  moni t or  
hear i ng wi t h behavi or al  
and i mmi t t ance t est i ng 

Ful l  ABR wi t h sedat i on 
f or  ear - speci f i c f i ndi ngs 

Repeat  ABR wi t h bone 
conduct i on,  ot ol ogi c 
consul t ,  ampl i f i cat i on 
i f  i ndi cat ed 

Per i odi c r emoval  of  ski n 
debr i s f r om EAC 

Del ayed ABR absol ut e Myr i ngot omy,  
l at enci es and 50-  t o 60- dB t ympanost omy t ubes,  
ai r - conduct i on t hr eshol ds,  ampl i f i cat i on 
40- dB bone- conduct i on 
ABR t hr eshol ds,  bi l at er al  
mi xed l oss ( 40 dB r i ght  
and 60 dB l ef t )  by pur e-
t one audi omet r y,  I MP:  
moder at e mi xed hear i ng 
l oss 

Ful l  ABR = audi t or y br ai nst em r esponse wi t h ai r -  and bone- conduct i on and t one- bur st  st i mul at i on,  as i ndi cat ed;  SF = sound f i el d;  
SAT = speech awar eness t hr eshol d ;  I MP = i mpr essi ons .  
CHL = conduct i ve hear i ng l oss ;  SHL = sensor y hear i ng l oss ;  SNHL = sensor i neur al  hear i ng l oss ;  NHL = VI I I t h cr ani al  ner ve 
i nvol vement ;  MHL = mi xed hear i ng l oss;  CNS = cent r al  ner vous syst em i nvol vement .  
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f unct i on and t hat  appl i cat i on of  t he cr oss- check 
pr i nci pl e ( Jer ger  and Hayes,  1976)  i s i mpor t ant  
f or  adequat el y descr i bi ng audi t or y st at us i n t hi s 
chal l engi ng pedi at r i c popul at i on.  

We pr esent  next  case r epor t s i l l ust r at i ng 
wi t h gr eat er  det ai l  audi t or y f i ndi ngs,  i ncl udi ng 
behavi or al  t est s,  i mmi t t ance measur es,  and 
ABR,  f or  t hr ee unusual  syndr omes t hat  ar e 
l i st ed i n Tabl e 1 :  Car pent er ,  i cht hyosi s der -
mat osi s,  and Townes .  For  each of  t he t hr ee syn-
dr omes,  t her e ar e ver y f ew publ i shed r epor t s 
descr i bi ng audi t or y st at us,  and t hese st udi es 
ar e al most  excl usi vel y l i mi t ed t o a descr i pt i on 
of  pur e- t one audi omet r y f i ndi ngs .  We di scuss t he 
audi t or y f i ndi ngs f or  each case i n t he cont ext  of  
t hi s l i t er at ur e.  

CASE REPORTS 

Case 1 :  Car pent er  Syndr ome 

Backgr ound.  The char act er i st i cs of  Car pen-
t er  syndr ome ( acr ocephal opol ysyndact yl y t ype 
I I )  wer e f i r st  r epor t ed i n 1901 ( Car pent er ,  1901) ,  
but  t he syndr ome wasn' t  cl ear l y i dent i f i ed unt i l  
over  60 year s l at er  ( Temt amy,  1966) .  Car pent er  
syndr ome i s an aut osomal - r ecessi ve i nher i t ed 
di sor der .  Even now,  however ,  l i t er at ur e del i n-
eat i ng t he hi st or y and physi cal  f i ndi ngs associ -
at ed wi t h Car pent er  syndr ome i s scar ce.  Chi l -
dr en wi t h t he syndr ome ar e of  nor mal  si ze at  
bi r t h.  The maj or  f eat ur es ar e cr ani of aci al  anom-
al i es,  such as cr ani osynost osi s,  di gi t al  abnor -
mal i t i es ( pol ydact yl y and syndact yl y) ,  and shor t  
st at ur e.  These f eat ur es cont r i but e t o t he l i kel i -
hood of  eust achi an t ube dysf unct i on and r ecur -
r i ng mi ddl e ear  di sease wi t h conduct i ve hear i ng 
l oss .  Or al  and dent al  abnor mal i t i es cont r i but e 
t o speech di sor der s .  Aur i cl es may be l ow set  
and pr eaur i cul ar  pi t s may be pr esent .  Chi l dr en 
wi t h Car pent er  syndr ome may al so have sen-
sor i neur al  audi t or y dysf unct i on and mi xed hear -
i ng l oss ( Robi nson et  al ,  1985) .  Bel ow- aver age 
i nt el l i gence i s somet i mes a f eat ur e of  t he syn-
dr ome.  Ot her  i mpor t ant  physi cal  f i ndi ngs i ncl ude 
pr eaxi al  pol ydact yl y of  f eet  and bony abnor -
mal i t i es of  t he l i mbs.  

Cl i ni cal  Fi ndi ngs.  The pat i ent  was a 5-
mont h- ol d gi r l  wi t h mul t i pl e congeni t al  abnor -
mal i t i es who was r ef er r ed t o a pedi at r i c ot o-
l ar yngol ogi st  by her  pedi at r i ci an f or  r ecur r ent  
ot i t i s medi a.  She wei ghed 2159 gr ams at  bi r t h 
( 37 weeks'  gest at i on) .  She pr esent ed t o t he ot o-
l ar yngol ogy and audi ol ogy cl i ni cs wi t h a hi s-
t or y of  mul t i pl e congeni t al  anomal i es,  i ncl udi ng 

hypopl ast i c ki dneys,  mi cr ocephal y and syndac-
t al y ( of  t he t hi r d and f our t h di gi t s of  al l  ext r em-
i t i es) ,  muscul oskel et al  anomal i es,  r et i nal  dys-
pl asi a of  t he r i ght  eye,  and gast r oesophageal  
r ef l ux .  Gr owt h and devel opment  wer e del ayed.  
Ot ol ogi c exami nat i on showed t hat  her  aur i cl es 
wer e def or med ( l op of  super i or  hel i x)  and her  
ext er nal  ear  canal s wer e ext r emel y nar r ow,  pr e-
vent i ng a compl et e vi ew of  t he t ympani c mem-
br anes .  Ther e was evi dence of  ot i t i s medi a wi t h 
ef f usi on bi l at er al l y.  The pat i ent  was i ni t i al l y 
t r eat ed wi t h ant i bi ot i cs and r ef er r ed f or  audi o-
l ogi c assessment .  

ABR under  sedat i on ( chl or al  hydr at e)  
yi el ded a r el i abl e r esponse bi l at er al l y,  but  
absol ut e l at enci es ( waves I ,  I I I ,  and V)  wer e 
mar kedl y del ayed and r esponses wer e consi st ent  
wi t h moder at e- t o- sever e hear i ng i mpai r ment ,  
gr eat er  f or  t he l ef t  ear  t han t he r i ght  ear .  
Lat ency- i nt ensi t y f unct i ons ar e i l l ust r at ed i n 
Fi gur e 1.  Bone- conduct i on st i mul at i on ABR was 
at t empt ed but  coul d not  be compl et ed bef or e 
t he pat i ent  awoke.  A r et ur n vi si t  i n 2 mont hs f or  
behavi or al  audi omet r y,  and ABR i f  necessar y,  
was r ecommended.  Mi ddl e ear  di sease di d not  
r espond t o ant i bi ot i cs,  and t he pat i ent  under went  
bi l at er al  myr i ngot omi es wi t h pl acement  of  t ym-  

AUDI TORY BRAI NSTEM RESPONSE ( ABR)  

Lat ency /  i nt ensi t y f unct i on 

2o 4o 60 Bo l oo 

Cl i ck i nt ensi t y l evel  i n dB nHL 

Ri ght  ear  Lef t  ear  
Ai r  conduct i on O O 
Bone conduct i on 

O® 

013 

Ai r  conduct i on ABR symbol s 

I ni t i al  ABR 

ABR i mmedi at el y 
af t er  sur ger y 

Fol l ow up ABR 

J 

Fi gur e 1 Ser i al  ABR l at ency- i nt ensi t y f unct i ons f or  a 
5- mont h- ol d gi r l  wi t h Car pent er  syndr ome.  ABR f i ndi ngs 
f or  ai r -  and bone- conduct i on st i mul at i on ar e shown f or  
assessment s bef or e,  i mmedi at el y af t er ,  and 2 mont hs 
af t er  myr i ngot omy wi t h pl acement  of  vent i l at i on t ubes.  
ABR consi st ent l y conf i r med sever e bi l at er al  conduct i ve 
hear i ng l oss .  

88 
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panost omy t ubes 3 mont hs af t er  t he i ni t i al  ABR 
assessment  ( at  8 mont hs of  age) .  Mi cr oscopi c 
vi sual i zat i on of  t he ear s showed ver y nar r ow ear  
canal s ( 3 mm at  t he nar r owest  poi nt  and bi l at -
er al  mi ddl e ear  ef f usi ons) .  A t hi ck,  gl ue- l i ke sub-
st ance was aspi r at ed f r om each ear  bef or e t he 
t ubes wer e pl aced.  

ABR was r epeat ed i mmedi at el y af t er  
sur ger y whi l e t he pat i ent  was under  gener al  
anest hesi a.  Wi t h ai r - conduct i on st i mul at i on 
t her e agai n was a r el i abl e r esponse,  but  onl y f or  
i nt ensi t y l evel s gr eat er  t han 60 t o 65 dB nHL 
and wi t h del ayed absol ut e l at enci es.  I nt er wave 
l at ency val ues wer e wi t hi n t he age- cor r ect ed 
nor mal  r egi on.  Bone- conduct i on st i mul at i on at  
t he mast oi d,  however ,  pr oduced a r el i abl e ABR 
f or  i nt ensi t y l evel s wi t hi n nor mal  l i mi t s ( l ess 
t han 30 dB nHL) .  A cl ear  wave I  was pr esent  
f or  t he i psi l at er al  i nver t i ng el ect r ode channel  on 
each si de,  i mpl yi ng t hat  t he bone- conduct i on 
ABR f i ndi ngs wer e ear  speci f i c ( Hal l ,  1992a) .  
Hear i ng ai d management  was r ecommended,  
pendi ng f ol l ow- up ABR assessment  i n t he cl i ni c 
1 mont h l at er .  The pat i ent  r et ur ned 3 mont hs 
l at er  ( at  1 year  of  age) .  Behavi or al  assessment  
was f i r st  at t empt ed,  but  r esul t s wer e i nconcl u-
si ve .  A t hi r d ABR assessment  was t hen car r i ed 
out  ( wi t h sedat i on) .  At  hi gh st i mul us i nt ensi t y 
l evel s t her e was a cl ear  ABR.  I nt er wave l at en-
ci es wer e nor mal  f or  t he pat i ent ' s age.  No ai r -
conduct i on ABR was obser ved bel ow 70 dB nHL 
f or  ei t her  ear  f or  cl i ck or  500- Hz t one- bur st  
st i mul i ,  wher eas t her e was a nor mal - appear i ng 
r esponse f or  bone- conduct i on cl i ck st i mul at i on.  
The pat i ent  was t hen r ef er r ed f or  hear i ng ai d f i t -
t i ng and appr opr i at e educat i onal  management .  

Comment .  Consi st ent  wi t h t he l i mi t ed l i t er -
at ur e on audi t or y f unct i on i n Car pent er  syn-
dr ome ( Robi nson et  al ,  1985) ,  our  pat i ent  had 
r ecur r ent  mi ddl e ear  di sease and per si st ent  con-
duct i ve hear i ng i mpai r ment  bi l at er al l y.  The 
sever e degr ee of  conduct i ve hear i ng l oss,  even 
i mmedi at el y af t er  myr i ngot omy wi t h pl acement  
of  vent i l at i on t ubes,  st r ongl y suggest ed t he pos-
si bi l i t y of  a st r uct ur al  ossi cul ar  chai n def or mi t y,  
i n addi t i on t o ot i t i s medi a.  Resol ut i on of  nor mal  
mi ddl e ear  f unct i on and r et ur n t o nor mal  hear -
i ng cannot  be pr esumed f ol l owi ng ei t her  medi cal  
or  sur gi cal  t r eat ment  of  mi ddl e ear  di sease.  
Onl y a val i d audi t or y assessment  can document  
hear i ng st at us af t er  t r eat ment .  I n t hi s case,  
behavi or al  audi omet r y was not  of  val ue i n def i n-
i ng t he pat i ent ' s audi t or y st at us dur i ng t he f i r st  
year  of  l i f e .  ABR,  however ,  r epeat edl y conf i r med 
t he pr esence of  a sever e conduct i ve hear i ng l oss 

and cont r i but ed t o conf i dent  and r easonabl y 
pr ompt  audi ol ogi c management .  

Case 2:  I cht hyosi f or m Der mat osi s 

Backgr ound.  I cht hyosi f or m der mat osi s i s 
not  a speci f i c syndr ome but ,  r at her ,  a cl assi f i -
cat i on of  ski n di sor der s t hat  i s char act er i zed by 
i cht hyosi s ( dr y and f l aky ski n r esembl i ng f i sh 
scal es)  and al opeci a ( absence of  hai r ) .  I t  may be 
a f eat ur e of  var i ous syndr omes,  such as Ref -
sum,  Sj or gr en- Lar sson,  Rud,  and Net her t on 
syndr omes.  I n 1978,  Sent er  and col l eagues 
r epor t ed a 13- year - ol d chi l d wi t h i cht hyosi f or m 
der mat osi s,  pl us congeni t al  sensor i neur al  hear -
i ng l oss and ocul ar  abnor mal i t i es,  and al so i den-
t i f i ed 12 ot her  chi l dr en r epor t ed i n t he l i t er at ur e 
wi t h a si mi l ar  pat t er n of  f i ndi ngs ( Sent er  et  al ,  
1978) .  Anot her  case was r epor t ed by Cr am and 
col l eagues a year  l at er  ( Cr am et  al ,  1979)  and 
mor e r ecent l y by ot her s ( Ski nner  et  al ,  1981 ;  
Mor r i s et  al ,  1991) .  Thi s appar ent l y di st i nct  di s-
or der  has si nce been r ef er r ed t o as Sent er  syn-
dr ome.  Typi cal  physi cal  f i ndi ngs may i ncl ude 
ver y dr y,  r ed,  scal y ski n,  no scal p hai r ,  abnor -
mal i t i es of  t he t eet h and nai l s t hat  var y i n sever -
i t y,  pr ogr essi ve cor neal  abnor mal i t i es ( vascu-
l ar i zat i on)  l eadi ng t o bl i ndness,  neur omuscul ar  
def ect s,  def i ci ent  gr owt h,  and congeni t al  sen-
sor i neur al  hear i ng l oss .  Sensor i neur al  hear i ng 
l oss i s appar ent l y a consi st ent  f i ndi ng i n Sent er  
syndr ome,  wher eas i t  i s onl y an occasi onal  f ea-
t ur e of  t wo of  t he ot her  syndr omes -  Ref sum and 
Rud -  t hat  i ncl ude i cht hyosi f or m der mat osi s .  

Cl i ni cal  Fi ndi ngs .  The pat i ent  was a boy 
who f i r st  was eval uat ed at  t he audi ol ogy cl i ni c 
at  t he age of  3 mont hs .  He was t he 2800- gr am 
pr oduct  of  a 37- week gest at i on.  At  bi r t h,  t he 
pat i ent  was bl ue wi t h poor  r espi r at or y ef f or t .  
Apgar  scor es at  bi r t h wer e 2 at  1 mi nut e and 5 
at  5 mi nut es.  Physi cal  exami nat i on showed 
l oose,  peel i ng ski n over  t he ent i r e body,  f aci al  
edema wi t h t i ght  ski n,  r eddened and t i ght  eye-
l i ds,  a f l at t ened nose,  and a const r i ct ed mout h.  
Ear s wer e l ow set  wi t h abnor mal l y f or med ear  
l obes.  Ear  canal s wer e pr esent .  The pat i ent  was 
admi t t ed t o t he neonat al  i nt ensi ve car e uni t  
and exami ned by t he genet i cs and opht hal mol -
ogy ser vi ces .  

The pat i ent  was at  r i sk f or  hear i ng l oss at  
bi r t h ( asphyxi a) .  He under went  hear i ng scr een-
i ng i n t he NI CU pr i or  t o hospi t al  di schar ge and 
di d not  pass .  He r et ur ned f or  f ol l ow- up audi ol ogi c 
assessment  10 weeks af t er  bi r t h.  Ot oscopi c 
i nspect i on showed excessi ve dr y ski n and har d 
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debr i s i n each ear  canal .  An ABR assessment  
yi el ded a r esponse bi l at er al l y f or  ai r - conduc-
t i on st i mul i  at  i nt ensi t y l evel s down t o 40 t o 50 
dB nHL.  Absol ut e wave l at enci es wer e del ayed,  
suggest i ng a conduct i ve hear i ng l oss .  A bone- con-
duct i on st i mul us ABR was obser ved f or  i nt en-
si t y l evel s t hat  wer e wi t hi n nor mal  l i mi t s ( l ess 
t han 30 dB nHL) .  The pat i ent  was r eassessed 1 
mont h l at er  af t er  hi s ear  canal s wer e cl eaned ( t he 
day bef or e)  by hi s ot ol ar yngol ogi st .  A r el i abl e 
ABR was obser ved bi l at er al l y at  35 dB nHL.  
Behavi or al  obser vat i on audi omet r y i n t he sound 
f i el d pr oduced a mi ni mum r esponse l evel  wi t hi n 
nor mal  expect at i ons .  St ar t l e r esponses wer e 
obser ved f or  a 2000- Hz war bl ed t one and speech 
st i mul i .  Regul ar  ot ol ogi c management  of  ear  
canal  debr i s was r ecommended,  al ong wi t h per i -
odi c behavi or al  audi ol ogi c assessment  t o moni -
t or  hear i ng st at us .  

Comment .  Al t hough congeni t al  sensor i neur al  
hear i ng l oss i s consi der ed a f eat ur e of  Sent er  syn-
dr ome,  publ i shed r epor t s al so descr i be t he devel -
opment ,  or  at  l east  det ect i on,  of  var yi ng degr ees 
of  hi gh- f r equency,  sensor i neur al  hear i ng l oss 
and occasi onal  conduct i ve hear i ng l oss dur i ng 
chi l dhood ( Sent er  et  al ,  1978;  Cr am et  al ,  1979) .  
Whet her  t he sensor i neur al  hear i ng l oss i s 
del ayed i n onset  or  pr esent  f r om bi r t h,  but  not  
adequat el y assessed unt i l  age 1 or  2 year s or  
ol der ,  i s uncl ear  f r om t he l i t er at ur e.  We pl an t o 
moni t or  our  pat i ent ' s hear i ng st at us wi t h behav-
i or al  audi omet r y,  i mmi t t ance measur es,  ot o-  
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acoust i c emi ssi ons,  and,  i f  i ndi cat ed,  ABR.  Pr i or  
t o t hese measur es,  i t  wi l l  be necessar y t o ensur e 
t hat  t he ear  canal  i s f r ee of  debr i s .  Al so,  ongo-
i ng,  car ef ul  at t ent i on t o t he condi t i on of  t he 
ext er nal  ear  canal  wi l l  be r equi r ed t o pr event  
r ecur r i ng conduct i ve hear i ng l oss due t o exces-
si ve debr i s .  

Case 3:  Townes Syndr ome 

Backgr ound.  Townes syndr ome ( al so known 
as Townes- Br ocks syndr ome)  was descr i bed 
f i r st  i n 1972 by Townes and Br ocks and t hen 
10 year s l at er  by Wal pol e and Hockey ( 1982) .  
I t  i s aut osomal  domi nant  wi t h var i abl e expr es-
si on.  Townes syndr ome i s char act er i zed by 
i mper f or at e anus ;  hypopl ast i c,  t r i phal ageal ,  
or  super numer y t humbs ;  ot her  bony abnor -
mal i t i es of  t he hands and f eet ;  and sen-
sor i neur al  hear i ng l oss .  I n t he or i gi nal  r epor t  
( Townes and Br ocks,  1972) ,  t hese f i ndi ngs wer e 
descr i bed f or  a f at her  and f i ve of  hi s chi l dr en.  
Al t hough mi l d or  moder at e " sensor i neur al  deaf -
ness"  was not ed f or  t he f ami l y member s,  no 
audi omet r i c dat a or  ot her  hear i ng f i ndi ngs 
wer e speci f i ed.  The second paper  ( Wal pol e and 
Hockey,  1982)  r epor t ed f i ndi ngs f or  a 31- year -
ol d woman and her  st i l l bor n of f spr i ng.  When 
t he woman was 6 year s ol d,  a 40- dB hi gh- f r e-
quency ( 1000 t o 4000 Hz)  sensor i neur al  hear -
i ng l oss was i dent i f i ed .  I t  i s r el evant  t o not e at  
t hi s poi nt  t hat  f ami l i al  hand abnor mal i t i es 
and sensor i neur al  hear i ng l oss may al so be 
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Fi gur e 2 Audi ogr am f or  a 5- year - ol d gi r l  wi t h Townes syndr ome showi ng a mi xed 
hear i ng l oss bi l at er al l y,  gr eat er  f or  t he l ef t  ear .  ABR f i ndi ngs ar e shown i n Fi gur e 3 .  
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Audi t or y Dysf unct i on i n Syndr omes/ Hal l  et  al  

f eat ur es of  ot her  syndr omes ( St ewar t  and 
Ber gst r om,  1971) .  

Cl i ni cal  Fi ndi ngs .  Our  pat i ent  was 5 year s 
ol d when she under went  audi ol ogi c eval uat i on.  
At  bi r t h,  she was 2400 gr ams at  37 weeks'  ges-
t at i onal  age.  Respi r at or y ef f or t  was poor ,  and 
Apgar  scor es wer e 3 at  1 mi nut e and 6 at  5 mi n-
ut es .  Physi cal  exami nat i on showed i mper f or at e 
anus ( not  pat ent ) ,  a super numer ar y t humb bi l at -
er al l y,  sat yr - t ype ear s ( smal l  and cupped appear -
ance) ,  and absence of  car t i l age i n t he l ef t  ear .  
A r enal  di sor der  ( si ngl e ki dney)  was l at er  i den-
t i f i ed.  The pat i ent  under went  sur gi cal  r epai r  
of  t he i mper f or at e anus .  She was f ol l owed by 
t he genet i cs cl i ni c .  At  t he t i me of  t he audi ol ogi c 
eval uat i on,  t he pat i ent  was wel l  devel oped 
and wel l  nour i shed.  Her  f aci al  f eat ur es wer e 
unr emar kabl e,  wi t h t he except i on of  her  ext er -
nal  ear s .  

Audi omet r i c assessment  showed a mi xed 
hear i ng l oss bi l at er al l y,  gr eat er  f or  t he l ef t  ear  
( Fi g.  2) .  Mi ddl e ear  f unct i on was abnor mal  f or  
t he r i ght  ear  by aur al  i mmi t t ance measur e-
ment  ( hi gh negat i ve pr essur e and excessi ve 
compl i ance f or  t he r i ght  ear ) .  I mmi t t ance mea-
sur es coul d not  be obt ai ned f or  t he l ef t  ear .  
Wor d r ecogni t i on scor es wer e good.  A r el i abl e 
ABR was r ecor ded bi l at er al l y f or  ai r - conduct i on 
st i mul us i nt ensi t y l evel s of  95 dB nHL down t o 
60 dB nHL f or  t he r i ght  ear  and 70 dB nHL f or  
t he l ef t  ear  ( Fi g.  3) .  A bone- conduct i on st i mu-
l us ABR was obser ved onl y at  t he maxi mum 
i nt ensi t y l evel  ( 50 dB nHL)  and onl y f or  t he r i ght  
ear  ( r i ght  mast oi d pl acement  of  t he bone osci l -
l at or ) .  Two mont hs l at er ,  t he pat i ent  under -
went  bi l at er al  myr i ngot omi es and pl acement  of  
vent i l at i on t ubes.  Thi ck mi ddl e ear  ef f usi on 
was aspi r at ed f r om each mi ddl e ear  dur i ng 
sur ger y.  Audi ol ogi c management  i ncl uded bi l at -
er al  ampl i f i cat i on.  Fol l ow- up r eveal ed t hat  t he 
pat i ent  was at t endi ng ki nder gar t en and adj ust -
i ng t o hear i ng ai d use.  

Comment .  Al t hough nonspeci f i c sensor i neur al  
hear i ng l oss has been associ at ed wi t h Townes 
syndr ome,  t hi s i s,  t o our  knowl edge,  t he f i r st  pub-
l i shed case f or  whi ch det ai l ed audi ol ogi c f i ndi ngs 
ar e r epor t ed.  The case i l l ust r at es t hat  t he sen-
sor i neur al  hear i ng l oss i n Townes syndr ome i s 
suf f i ci ent  t o i nt er f er e wi t h communi cat i on and 
t o r equi r e hear i ng ai d use.  An asymmet r y i n 
sensor i neur al  hear i ng def i ci t  may al so occur .  I t  
i s not  cl ear  whet her  t hi s pat i ent ' s conduct i ve 
hear i ng l oss component  was r el at ed t o t he syn-
dr ome or  occur r ed i ndependent l y.  The pat i ent ' s 
speech- l anguage devel opment  was not  del ayed.  

Whi l e i t  i s possi bl e t hat  t he hear i ng l oss has pr o-
gr essed dur i ng ear l y chi l dhood,  t he sensor i neur al  
hear i ng l oss f or  t he r i ght  ear  ( bone- conduct i on,  
pur e- t one t hr eshol d of  l ess t han 30 dB HL)  i s not  
i nconsi st ent  wi t h essent i al l y nor mal  speech-
l anguage devel opment .  

CONCLUSI ONS 

H undr eds of  syndr omes may be associ at ed 
wi t h hear i ng i mpai r ment .  Unf or t unat el y,  

many of  t he paper s t hat  ci t e hear i ng i mpai r -
ment  as a component  of  a par t i cul ar  syndr ome 
wer e publ i shed bef or e audi ol ogi c t echni ques 
f or  di f f er ent i at i on among t ypes of  hear i ng l oss 
or  f or  val i d assessment  of  i nf ant s and young 
chi l dr en wer e avai l abl e.  And even mor e r ecent  
l i t er at ur e of t en does not  pr eci sel y descr i be 
audi t or y st at us i n syndr omes .  Our  under -
st andi ng of  t he audi t or y dysf unct i on associ -
at ed wi t h syndr omes wi l l  be enhanced by 
assessment  wi t h cur r ent  behavi or al  and el ec-
t r ophysi ol ogi c assessment  t echni ques .  I n addi -
t i on,  audi ol ogi c assessment  of  f ami l y member s 
woul d cont r i but e t o an appr eci at i on of  t he nat -
ur al  hi st or y and genet i c expr essi on of  audi -
t or y dysf unct i on i n syndr omes.  

I t  i s cl ear  f r om our  r evi ew of  t he l i t er at ur e 
t hat  t he hear i ng i mpai r ment  associ at ed wi t h 
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Fi gur e 3 ABR f i ndi ngs f or  a 5- year - ol d gi r l  wi t h Townes 
syndr ome conf i r mi ng a moder at e hear i ng sensi t i vi t y l oss 
bi l at er al l y,  gr eat er  f or  t he l ef t  ear .  The pat i ent ' s audi o-
gr am i s shown i n Fi gur e 2.  
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syndr omes can be hi ghl y var i ed,  r angi ng f r om 
sur gi cal l y and/ or  medi cal l y t r eat abl e conduc-
t i ve def i ci t s t o sensor y hear i ng l oss r equi r i ng 
ampl i f i cat i on t o cent r al  audi t or y dysf unct i on 
wi t h or  wi t hout  a per i pher al  component .  Mi d-
dl e ear  di sease,  and conduct i ve hear i ng i mpai r -
ment ,  appear s t o be especi al l y pr eval ent .  Ther e-
f or e,  a compr ehensi ve st r at egy f or  audi ol ogi c 
assessment  empl oyi ng t he cr oss- check pr i nci -
pl e ( Jer ger  and Hayes,  1976)  and st at e- of - t he-
ar t  di agnost i c and hear i ng ai d t echni ques ( Hal l ,  
1987,  1992a,  b,  1993;  Muel l er  et  al ,  1992)  i s 
r equi r ed t o adequat el y descr i be hear i ng st at us 
i n syndr omes and t o manage t he hear i ng 
i mpai r ment  pr ompt l y and appr opr i at el y.  

Physi cal  f i ndi ngs i n t he maj or i t y of  syn-
dr omes i ncl ude a wel l - known r i sk f act or  f or  
hear i ng i mpai r ment ,  namel y " cr ani of aci al  
anomal i es,  i ncl udi ng abnor mal i t i es of  t he pi nna 
and ear  canal . . . "  ( Joi nt  Commi t t ee on I nf ant  
Hear i ng,  1990,  p.  15) .  These anomal i es ar e 
usual l y det ect ed at  bi r t h,  and hear i ng assess-
ment ,  or  scr eeni ng,  can be i ni t i at ed wi t hout  
del ay.  However ,  not  al l  hear i ng i mpai r ment  
associ at ed wi t h syndr omes i s congeni t al  and 
pr esent ,  or  suspect ed,  at  bi r t h.  Some syndr omes 
ar e char act er i zed by l at e,  even adul t ,  onset  of  
sensor i neur al  hear i ng l oss ( Cr uz et  al ,  1992) .  
For  chi l dr en wi t h t hese syndr omes,  pr udent  
management  st r at egy i ncl udes per i odi c moni -
t or i ng of  audi t or y st at us t o assess t he possi bi l i t y 
of  pr ogr essi ve or  del ayed- onset  hear i ng i mpai r -
ment ,  wi t h changes i n t he i nt er vent i on pl ans 
as i ndi cat ed.  

Acknowl edgment .  Thi s wor k was suppor t ed i n par t  
by NI DCD/ NI H Resear ch and Tr ai ni ng Cent er  Gr ant  
#1P20DC01437- 01.  

Gor l i n RJ,  Cohen MM,  Levi n LS.  ( 1990) .  Syndr omes of  
t he Head and Neck.  New Yor k :  Oxf or d Uni ver si t y Pr ess.  

Hal l  JW I I I ,  ed.  ( 1987) .  I mmi t t ance audi omet r y.  Semi n 
Hear  8: 1- 21.  

Hal l  JW I I I .  ( 1992a) .  Handbook of  Audi t or y Evoked 
Responses.  Needham,  MA:  Al l yn & Bacon.  

Hal l  JW I I I ,  ed.  ( 1992b) .  Ot oacoust i c emi ssi ons :  f act s and 
f ant asi es.  Hear  J 45: 7- 52.  

Hal l  JW I I I ,  Denneny JC I I I .  ( 1993) .  Audi t or y f i ndi ngs 
associ at ed wi t h pr oger i a .  J Am Acad Audi ol  4: 116- 122.  

Hal l  JW I I I ,  Br at t  GW Schwaber  MK,  Baer  JE.  ( 1993) .  
Dynami c sensor i neur al  hear i ng i mpai r ment :  i mpl i ca-
t i ons f or  audi ol ogi st s .  JAm Acad Audi ol  4: 399- 411 .  

Jer ger  JF,  Hayes D.  ( 1976) .  The cr oss- check pr i nci pl e i n 
pedi at r i c audi omet r y.  Ar ch Ot ol ar yngol  102: 614- 620.  

Joi nt  Commi t t ee on I nf ant  Hear i ng.  ( 1991) .  1990 Posi t i on 
st at ement .  Audi ol ogy Today 3( 4) : 14- 17.  

Jones KL.  ( 1988) .  Smi t h' s Recogni zabl e Pat t er ns of  Human 
Mal f or mat i on.  4t h ed.  Phi l adel phi a :  WB Saunder s .  

Mar r es HAM,  Cr emer s CWRJ,  Jongbl oet  PH.  ( 1989) .  
Hear i ng l evel s i n t he Cor nel i a de Lange syndr ome:  a 
r epor t  of  seven cases .  I nt  J Pedi at r  Ot or hi nol ar yngol  
18: 31- 37 .  

Mor r i s MR,  Namon A,  Shaw GY,  Panj e WR,  Mhoon EE.  
( 1991) .  The ker at i t i s,  i cht hyosi s,  and deaf ness syndr ome.  
Ot ol ar yngol  Head Neck Sur g 104: 526- 528 .  

Muel l er  HG,  Hawki ns DB,  Nor t her n JL.  ( 1992) .  Pr obe 
Mi cr ophone Measur ement s :  Hear i ng Ai d Sel ect i on and 
Assessment .  San Di ego:  Si ngul ar  Publ i shi ng Gr oup.  

Nor t her n JL,  Downs M.  ( 1991) .  Hear i ng Di sor der s i n 
Chi l dr en.  4t h ed.  Bal t i mor e:  Wi l l i ams & Wi l ki ns.  

Robi nson LK,  James HE,  Mubar ak SC,  Al l en EJ,  Jones 
JL.  ( 1985) .  Car pent er  syndr ome:  nat ur al  hi st or y and cl i n-
i cal  spect r um.  Am J Med Genet  20: 461- 469.  

Sent er  TP,  Jones KL,  Sakat i  N,  Nyhan WL.  ( 1978) .  
At ypi cal  i cht hyosi f or m er yt hr oder ma and congeni t al  sen-
sor i neur al  deaf ness -  a di st i nct  syndr ome.  J Pedi at r  
92: 68- 72.  

REFERENCES 

Bess FH,  Hal l  JW I I I ,  eds.  ( 1992) .  Scr eeni ng Chi l dr en 
f or  Audi t or y Funct i on.  Nashvi l l e:  Bi l l  Wi l ker son Pr ess.  

Car pent er  G.  ( 1901) .  Two si st er s showi ng mal f or mat i ons 
of  t he skul l  and ot her  congeni t al  abnor mal i t i es .  Rep Soc 
St udy Di s Chi l dr en ( Lond)  1: 110 .  

Cr am DL,  Resni ck JS,  Jackson WB.  ( 1979) .  A congeni t al  
i cht hyosi s syndr ome wi t h deaf ness and ker at i t i s .  Ar ch 
Der mat ol  115: 467- 471.  

Cr uz OLM,  Pedal i ni  MEB,  Car opr eso CA.  ( 1992) .  
Sensor i neur al  hear i ng l oss associ at ed t o gonadal  dysge-
nesi s i n si st er s:  Per r aul t ' s syndr ome.  Am J Ot ol  13: 82- 83 .  

Egel und EP ( 1987) .  Congeni t al  hear i ng l oss i n pat i ent s 
wi t h Cor nel i a de Lange syndr ome.  J Lar yngol  Ot ol  
101 : 1276- 1279.  

Ski nner  BA,  Gr ei st  MC,  Noons AL.  ( 1981) .  The ker at i -
t i s,  i cht hyosi s,  and deaf ness ( KI D)  syndr ome.  Ar ch 
Der mat ol  117 : 285- 289.  

St ewar t  JM,  Ber gst r om L.  ( 1971) .  Fami l i al  hand abnor -
mal i t y and sensor i - neur al  deaf ness :  a new syndr ome.  J 
Pedi at r  78: 102.  

Temt amy SA.  ( 1966) .  Car pent er ' s syndr ome :  acr o-
cephal opol ysyndact yl y,  an aut osomal  r ecessi ve syndr ome.  
J Pedi at r  69: 111 .  

Townes PL,  Br ocks ER.  ( 1972) .  Her edi t ar y syndr ome of  
i mper f or at e anus wi t h hand,  f oot ,  and ear  anomal i es .  J 
Pedi at r  81: 321- 326.  

Wal pol e I R,  Hockey A.  ( 1982) .  Syndr ome of  i mper f or at e 
anus,  abnor mal i t i es of  hands and f eet ,  sat r y ear s,  and 
sensor i neur al  deaf ness .  J Pedi at r  100: 250- 252.  

92 


