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IDENTIFICATION OF HEARING LOSS AND MIDDLE EAR 
DYSFUNCTION IN CHILDREN 

T
he American Academ) of Audiolog) 
believes it i~ important to 1dentif) 
children "1th undetected ... en orineur­

al hearing lo . a<, ''ell a., tho'>e '' ith hearing 
los' resulting from middle ear dysfunction 
and chronic or recurrent otius media with 
effusion (OME). The selection and imple­
mentation of a screening protocol mu. t be 
guided b) the '>pecific goal of an identifi­
cation program. The American Academy of 
Audiolog) uppo~ the propo-.1tion that a 
carefull) designed and \\ell e\ecuted iden­
tification program. under the supervi ion of 
an audiologi t. can be highl) efTecti,·e in 
identifying uch children. It I\ our ' ie'' that 
the lack of con'>en U'> regarding e.\i ting 
\Creening protocol. ha'> been due to limita­
tion. inherent in applying a single -;et of 
guideline-. to a '' ide variet) of 4'ettings and 
pediatnc population'>. Thi Report high-
1 ights important consideration<, in the 
de ign of an identification program .,o audi­
ologisb re pon\lble for these program can 
implement protocols appropriate to their 
\ettings. It also pro' ides a rationale for the 
Po ition tatemem that follows. The fol­
IO\\ ing Report and Po<>ition tatement appl: 
to pre'>chool-age children (3-l year old<.). 
\Chool-age children at the earl) elementary 
grade le,·el . and children '' ith de\ elop­
mental delay or disabilitie .. 

PREVALENCE AND SEQUELAE 
OF SENSORINEURAL 
HEARING LOSS IN CHILDREN 

At lea.'.l 3 out of e\el) 1000 infan~ in a 
well-bab) population i'> born\\ ith significant 
bilateral hearing impairment. When high ri. k 
infants (e.g.. ICU graduates) are considered 
separatel). the incidence increa..es drarnati­
call) to approximately 30-50 per I 000 
(Hosford-Dunn. et al.. 19 7: immon . 
197 ). Con equentl). numerou medical 
centers throughout the nation routine() 
screen high ri k infanL'> for hearing lo '>. and 
\Orne have implememed programs to ...creen 
all new born infants, ru. recommended by the 

ational In ti tutes of Health ( LH 
Consen. us Statement. 1993). Unfortunate(). 
man) ho pita! e peciall} those in small 
communitie!. and rural area.'>. lad. hearing 
-,creening program!. e'en for ne\\ born at 
high-ri (... for hearing lo . Where high-ri (... 
\Creemng programs ha\e been e. tabli hed it 
hm, been shown that only about one-half of 
the children with sen'>orineural hearing lo 
are accurate() identified (Stein. et al.. 1990). 
Furthermore. the pos'>ibility of an acquired or 
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progres\i\e hearing los'> e\1'L' throughout 
childhood. Parental concern regarding a 
child\ hearing \Latu' is an important reason 
to a\scss hearing. but parental u picion 
alone i'> not sufficient 
for timely identifica-

number of o~ IE C<beS ha.\ incre~d drarnat­
icall). particularl) in children under the age 
of two year<, ( chappert. 1992). 

Although the pre\'alence of middle ear 
effusion 1s relatively 
high throughout child­

uon of hearing lo s in 
young children (Wat­
k. in. Bald" in. & 
Laoide. 1990). Thus. 
there remain'> a trong 
need for y tematic 
identification of all 
children '' ith hearing 
lo s. 
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hood. certain risk. fac­
tors are associated 
\\ ith a higher pre\ a­
lence of Ot-. IE. Rhk. 
factor' for toddler 
and older preschool­
age children include 
group da) care. expo-Carol Flexer 

The impact of 
congenital or early­
onset sensorineural 
heanng lo'' i'> ''ell 
documented. Hearing 
los'> in young children 
affect!'> the de\·elop­
ment of speech and 
language a\ well as 
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ure to smok.e. boule 
's. breast feeding. 
and l'amil) hi lOIJ. 
especiall) among -.ib­
lings ( tool. et al.. 
199-1 ). Other children 
at increased risk 
include those with 
Do'' n syndrome or 

academic perfor-
mance and '>ociaJ-emotional de,·elopment 
CBoothro)d. 19 2: Le\ill_ et al.. 19 7: Ros. 
et al.. 1991 ). Long-term effect! on famil} 
functioning and e\entuall} on the indi' id­
ual\ independence and career opportunities 
ma) follO\\. Fortunatel). earl) intervention. 
combined '"ith the use of hearing aids and 
other o;en O!) de\ ice .. can reduce the impact 
of sen'lorineural hearing los., on a young 
child (Yo~hinaga-ltano. 199"). Earl) identifi­
cation of hearing lo ' is important and nec­
e. '><lf\ to ensure that families can be made 
aw~ of their child·. heanng statu and 
make well-informed decisions regarding 
interYention en ice~. 

PREVALENCE AND SEQUELAE 
OF OTITIS MEDIA IN 
CHILDREN 

Olitis media with effusion (0 1E) i an 
inflammation of the middle ear accompanied 
by fluid in the middle-ear space. OME ii, 
highly pre,·alent in young children. particu­
larl) between the ages of six month and 1wo 
year<,. 111e incidence remain high through­
out the pre hool year., (Klein. 1978). 0 IE 
may persist for weeks or C\'en months. Teele. 
et al .. ( 19 9) reported that 70 percent of chil­
dren ... till had eftmion two ''eels follm,fog 
on-.ct of acute otitis media. -10 percent had 
effusion at one month. 20 percent had effu-
ion at two month . and I 0 percent had effu­

sion at three months. In recent years. the 

with cleft lip/palate. 
as \\ell as ati\e 

American . inc ludi ng Eskimos and 
American Indians (Northern and DO\\ ns. 
1991: Dal). 1991). 

The a\erage hearing loss associated with 
0~1 E i~ approximate(} 20-25 dB HL. but 
\'aries over a \\ ide range from 0 to 50 dB 
HL (Fria. ct al.. 1985). The hearing of chil­
dren'' ith OME can differ substantiall) both 
in degree and . ) mmet!) (Gravel and Ell i . 
1995). Timel) identification is complicated 
b) the fact that man) children are a!) mpto­
matic . and parents/caretaker-, often ha,·e 
difficult) recogniling the pre<,ence of hear­
ing los .. Indeed. it has been peculated Lhat 
about half of all initial cases of children 
with OME would be undetected '' ithout 
creening (Blue tone. et al.. 1986). 

In addiLion to reduced hearing en iti' i­
t). there are potemial long-tenn effecb of 
conducti\e hearing lo on auditor) deYel­
opment and peech-language acqui ition. 
There is behavioral and electrophysiological 
C\ idence 10 hO\\ that hearing glo.. sec­
ond31) 10 OME early in life may be a:.soci­
ated with a reduction of auditory proce. ·ing 
abilit). particularly at the level of the brain­
stem, eYen after hearing level ha\'e 
returned to normal (Hall. et al .. 1990: Hal I & 
Gro..e. 1993). Likewi.e. some children ''ith 
histories of persi tent or recurrent OME 
shO\\ reduCLion of peech recognition in 
competition e\ en after auditory thresholds 
and middle ear function return to normal 
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(Gra\'el & Wallace. 1992). 
Finding' regarding effec~ of OME on 

... peech. language. and learning ha'e been 
contr0,ers1al. Some studie. <;uggest a rela­
tion<,hip between per istent 0 1E and 
reduced language skill'> and/or chool per­
fonnance ( ilva. et al., 1982; Friel-Patti & 
Finitizo. 1990; Roberts, et al.. 1989: 
Robert . . et al.. 1995). Other tudies have not 
supported this as ociation. (Roberts. el al.. 
19 6: WnghL et al.. 19 ). Although pecif­
ic cause and effect relation hip remain 
under in\'e,tigation. it i generally accepted 
that per;btent or recurrent O~IE has poten­
ually detrimental Jong-tenn con equence. 
for some children. The'>C effect:. may be of 
particular concern for children alread) expe­
riencing communicative di orders. Based on 
the predominant re'-earch concl~ion . it i 
recurrent O~IE and 1t.., concomitant heanng 
los-. place a child at increased risk for devel­
opmental delays when the condiuon occur; 
in earl) childhood. 

DESIGN AND SELECTION OF 
A SCREENING PROTOCOL 

Screening procedure are d~igned to 
-;cparate from a group of apparently healthy 
indi,iduab those who are at greatest risk of 
actuall) ha\ ing lhe di ease or di order. 
EITecth c 'creening procedures result in high 
sensiti\ll) (correct cla..,,ification of di eased 
ind1\1duals) a.' \\.ell a.., lugh -,pecificil) (cor­
rect cl~1fication of non-di'>ea. ... ed indi\ idu­
ab ). The -;creening test can be made more 
sens1ti\'e b) adJm.llng the pa.s-.-fail cut-off: 
however. this generally occur at the 
expen e of lower specifici!). The goal i to 
identif) a cutoff that allow a reasonable 
balance between over-and under-referral. 

Sen iti\ ity and specificit) are generall) 
con idered in t11e evaluation of a . creening 
program. but prevalence and its corre pond­
ing effect on predicti\'e 'alue is often 
ignored. The predictive value of a te t indi­
cate the proportion of correct creening out­
comes. (Vecchio. 1965). The predicti'e 
value i the proportion of individual who 
pa.s-.ed the screening te t ''ho do not ha\e 
the disea.<,c. Predictive 'alue i u ed 10 e. ti­
matc. ba.\cd on the tc;,t outcome. the likeli­
hood of an indi\ idual ha\'ing or not ha\'ing 
the target conditions. en. iti' ity and peci­
ficity are unaffected by prevalence a.s long 
a.., the di ease characteristic and diagno tic 
criteria remain con tant. but predicti ve 
,·afoe i!> directly affected by prevalence. In 
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O~ IE. pre' alence \.aries according to ea-
onal vanauon. and an) condition.-. that 

place a child at increa'>Cd ri-.k. For example . 
'>latistic obtained from an un elected 
cohort of children will differ wbstantiallv in 
pre,alence from tllose of children een in a 
medical euing. Within a given cohort. chil­
dren who are identified for re--.creening will 
exhibit a higher prevalence than tlle larger 
cohort screened initiall) ( oua. 1995). 

A creening program mu t sati f) se'er­
al criteria: the target condition mu t be a ig­
nificant burden 10 t11e individual and 10 oci­
et): there mu t be an effecti\.e treatment for 
the disease: the screening measure" 
employed must be properl) evaluated and 
shown to be acceptable: there mu t be bene­
fit to early identification and treaunent: tlle 
'iCrecning cost mu l be reasonable: and there 
mu<,1 be reasonable strategic. for implemen­
tation of treatment and/or intervention 
(Feightner. 1992). In the context of screen­
ing '' im pure tones for .,ensonneural hearing 
loss. there is general consensus mat tllese 
requ1 uc condiuom, ha\'e been confirmed. Jn 
the conte\t of screening for middle ear dis­
ease. it is general!) agreed that mo. l of the 
requl'ite conditions e\lst: howe\'Cr. a notable 
exception 1s the \'alidit) of the screening pro­
tocol itself (Wile) & Utech-Smith. 1995). 
Although acoustic 1mmmance 1s recognized 
b) audiologists as tllc screening method of 
choice. "1despread acceptance of a pectfic 
protocol for acou-.uc 1mmittance screening 
ha.., been difficult 10 achle\'e. 

IDENTIFICATION OF 
HEARING Loss: PURE TONE 
SCREENING 

Pure tone screening procedure. con iM 
of pure tones presented at specific te t fre­
quencie at a . ingle intensity level. 

crcening ill conducted by an examiner who 
in. tructs me child to re pond behaviorall) 
u ing an age-appropriate re~pon e task. A 
child who fai ls 10 re. pond in either ear at any 
frequenC) i'> gcnerall) referred for complete 
audiologic 3!>-.essment. although in man) 
enings re. creening is often pro' ided on 
11e. prior to referral. It i-. imperative that 

ambient noi<,e le,els be carefull) monitored 
to insure compliance "itll existing tandard 
(A SI 3.1, 1991 ). 

There are significant limitation to the 
u e of peech timuli in hearing creening. 
Although pecch ma) be inherently more 
interesting 10 children. tllc pectral charac­
teristic. of me peech signal are uch that 
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children \\1th high frequency hearing loss 
ma) demonstrate nonnal speech recogni­
tion mrough the use of lo" frequency cue . 
Indeed. fa( e-negative rates as high a 5 
percent have been reported for ·creening 
1e t u ing speech stimuli (t-. lencher and 
McCulloch. 1970). Con equently. for the 
age groups pertinent 10 tllis Repon. pure 
tone audiometric screening remain the pre­
ferred behavioral method of identifying 
undetected cn-.orincural hearing lo . 

IDENTIFICATION OF MIDDLE 
EAR DYSFUNCTION: 
ACOUSTIC IMMITTANCE 
MEASUREMENTS 

Difficulties achienng con ensu on an 
immittance screening protocol are due. in 
part. to limitations inherent in attempting to 
apply a inglc set of guidelines to a wide 
variety of settings and pediatric popula­
tions. t\loreover, comparison of re. earch on 
acoustic 1mminance measures 1s complicat­
ed by numerous instrumentation and 
recording \'anables including difference. in 
probe frequency. pump '>peed. direction of 
pressure \weep. ear canal volume compen­
'ation, and inclu. ion of tlle acou ... tic renex. 
Analysis of middle car screening data may 
be '>kewed b) ubject grouping and tlle 
manner in \\ h1ch pa~s-fail criteria are 
applied and analyzed "ith re peel 10 med­
ical referral. \lozza. (1995) points out that 
the stausucal measure-. of \'aliduy will be 
influenced by \\hether the analy,is i con­
ducted ··by ear·· or ··by child."" pecificit} 
will be lower when the analysis i. done by 
child because two nonnal ears are required 
to pa!> the screening. But sensith it) will 
increa..,e because a fail on either ear would 
con. titute a referral. Thc'>e is ue must be 
fully con idered when attempt ing 10 com­
pare te t perfonnance data. 

The i . ue of re- creening mu t al o be 
considered. Re-screening i ad,·ocated in 
most protocols because a single point te t 
will not differenuate those indi\ idual "ith 
tran ient or self-limiting epi. ode from 
those with chronic middle ear effu ion. Bui 
the ideal re- creening inter\'a( has not been 
determined. ubject<, identified for re-
creening will ha' e a higher prevalence of 

middle ear dtsea e than those seen initiall). 
but the implication of a screening ··faff ' are 
different depending on whether the fail 
occurs at tlle fin.t or econd creening. An 
initial fail resulting in re-screening at a later 
date may be less co tly than a fai lure at re-
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... creening that lead\ to medical referral 
( 'ona. 199-). 

Numerou-, tudies ha\'c been conducted 
to C\aluatc the efficac) of acou">tic immit­
tance <;creening protocols (Beel). et al.. 
1975: Cantekin. et al.: 19 0). and everal 
ha' c been directed at specific creening 
protocol~ (Lou~. 1983: Rou\h and Tait. 
I 9 5: Lud;er. I 9 0: K:mon. I 99 I: Roush. 
et al.. I 992: 199-). but onl) a fe,, -.iudie., 
have u ed .,urgical confirmation (m) ringo­
tom)) a\ the .. gold .,tandard:· Although 
myringotom) i general com.1dered to be 
the be~! \alidation criteria. it allow\ C\am­
ination of immittance mea'iurc\ onl) in pop­
ulations with chronic or recurrent 0 fE. 
e.g .. those scheduled for placement of l) m­
panO\lOm) tube . . r-. toreO\'Cr. the inevitable 
dela) bet\\Cen scree111ng. referral. and med­
ical ernmination re\Ult'> in errors of \Cn'>i­
Li\ ity and <,pecificit). 

oe .. pite the e limitation\, examination 
of studie., that u ed m) ringotom) as a \ali­
dat ion cri terion pennit U\eful compari on of 
immiuance measure'>. Wile) and Utech-

mith (I 995). in a re' ie" of middle ear 
-;creening qudie. that employed direct veri­
fication of middle ear \tatu\ from m) ringo­
tom). not that reduced tallc admiuance 
appears to be a good predictor of middle ear 
effusion (Finitzo. et al.. I 992). although 
\Ome overlap i likel) to occur between ears 
"ith and "ithout efTu-,ion (Paradise. et al.. 
I 976: I OWL Cl al.. I 991a: I 992b: I 99-l}. 
Li1'e'' ii.e. nm t) mpanogram' accompanied 
b) abnom1all) large ear canal volume esti­
mate are generally '>Cen '"hen there i., a 
perforation of the l) mpa111c membrane or 
patent \Cntilation tube in the presence of 
nom1al middle car mucosa ( hank . et al.. 
I 992). lea ure!. of tympanomeuic shape. 
including gradient and'' idth. appear to pro­
'idc reasonable -.en-.iti\ ity (Fiellau-

ic1'olajsen. 19 3: Paradi'>e. et al .. 1976: 
Olla. et al.. l 992a: I 992b: I 99~ ). but 

because they are h1ghl) correlated with 
peal.. admittance me<L'>Ure'>. ··wide .. rym­
panogram may pro' 1de information that 
confirms rather than supplements other 
mea.,ure. (Wiley & Utech-Smith. 1995). 

Olla. et al. (199-0. reponcd that among a 
bauel) of admittance mea<;ure\. tympano­
metric \\ idth had the single be t perfor­
mance in the idenufication of middle ear 
effusion. although the opumal cut-off val­
ue\ differed for children with or-. rE hi. 10-

ries (high-ri k) compared to those more typ­
ical of the general population. Thi finding 
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under-,cores the imponance of applying 
normati\e data obtained from ubjecL<; ha\'­
ing the ame populauon characteristic\ a. ... 
the group targeted for \Creening. In addition 
to Or-. IE histOI). age-related dc,elopmcntal 
changes in static admiuance. ear canal \'Ol­
ume. and tympanometric " 1dth have been 
rcponcd (Koeb cl & largolis. 1986: 
Roush. et al.. 1995). Finall). se,era.l studies 
have <;ho\\ n that tympanometnc peak pre -
sure ,., of minimal value in detecting the 
presence of middle ear effu.,1on (Fiellau­
NikolaJ...en. I 9 3: Haughton. I 977: • ona. 
Cl al.. I 992a. I 992b ). 

Inclusion of the acou tic renex. typical­
!) elicited ll'>ing an ipsilateral -,1imulus at a 
le\'el of approximately 105 dB PL. has 
produced mi\ed re ults (Cantckin. et al.. 
I 9 0: \\'achtendorf. et al .. I 9 .t: ii man. et 
al.. I 992: oaa. el al.. 1992: Roush. e1 al. 
1992: tech- mith. et al.. 1993). The fe\\ 
m,·c. tigations emplo) ing surgical 'erifica­
tion as a gold tandard re,eal good ensi­
tivit) for acou tic renex measures: how­
C\'er. '>pecificit) ha.s \'aried sub tantiall) 
(\ tic) & tech-Smith. 199-). Compari<;on 
of studies that ha' c included the acoustic 
renc\ IS COmpJicatcd b) differences in \lim­
ulus and recording parameter.. ilman. et 
al.. (I 992). demonstrated impro"ed perfor­
mance "hen the acti\'atOr stimulu is deli' -
ercd at a higher intensit) le\'el than that 
employed by immittance screening in tru­
ments. ells. et al.. (I 997). demonstrated 
that different rene\ elicitation \)Stems 
(pulsed 's .... imultaneou., presentation of the 
sumulus and probe tone) ma) result in 
mar1'cdl) different screening outcome . 
Funher research is needed to determine the 
relative contribution of the acou tic renex 
in a screening protocol. its specificit) as 
well a sensili' it). and the optimal presen­
tation level and mode of presentation for 
elicitation of the acou-,uc rene, ( ii man and 
Emmer. 19950. The aCOU\llC rene\ i 
potentiall) \'aluable in eparating .. wide .. 
l) mpanogra.m. with and '' ithout middle ear 
effusion. 

0TOACOUSTIC EMISSIONS 
Otoacoustic emi 10ns (OAE.c;) are pre­

<,ent in most normall}' functioning ear and 
absent or reduced in Car\ with sen orincural 
los.,es of 30-40 dB HL. Bccau...e of the ease 
and speed with which the OAE test can be 
conducted. it i potcntiall) an excellent 
method of screening for hearing loss. OAE 
is achie\ ing considerable success in the 
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area of newborn hearing -,creening. 
although one of the confounding factor-, in 
measu;ement of OAEs i'> the inabilit) to 
record a respon e in the pre\cnce of 1111ddle 
ear dysfunction. ie" ing the effect of mid­
dle ear status on measurement of OA fa al. a 
problem assumes that the measurement i. 
used exclusi\'ely to identif) sen'>orineural 
hearing lo.,-, (Van Cauwcnberge. 1995). 

mce the goal of chool-agc screening i 10 

identif) both sensorineural hearing los'> and 
middle ear patholog). OAfa could poten­
uall) replace two .,eparate \creemng te ts 
(pure tone and immittance screening) with a 
single measure. 

Considering the sen ith it) of OAEs to 
both hearing glo. and middle car dy'>func­
tion. OAEs ha\'e been '>uggestcd a.s an 
cffecti\e fir.t stage screening procedure for 
both cond111on (Decreten. el al.. I 99 I: 

oua & abor. 1992). Although data are 
limned at thi-. time. there i preliminal) e' i­
dcnce of u cful OAE application'> in thi. 
context. Decrcten. ct al.. ( 199 I). is a group 
of children four 10 eigh1 year.. of age. 
demonstrated that OAfa eparated children 
'' ith ensorineural hearing gloss from chil­
dren "ith normal hearing. The) also sepa­
rated children \\ith middle car patholog) 
from those \\ ith normal middle ear function 
and nonnal hearing. ozza & abo. (I 992). 
reponed data on . creening children five to 
JO years of age in a school \el!ing using 
c\'01'ed OAEs. oua and abo did not 
replicate the high pecificll) reponed b) 
Dccreten. ct al .. (I 99 I). but did find that 
spccificit) was sufficiently high to ''arrant 
further inve tigation of OAE! as a com­
bined creening tool. Even ''1th a false pos­
itive rate of 15-20~. 1 oua and abo note 
lhat more than 75Cf of the children with 
normal penphera.1 auditOI)' function would 
be e\pectcd to pas an OAE screening pro­
cedure and thu would require no further 
e'aluation. Children who .. failed.. the 
creening could ha,·e sen.,orineural hearing 

loss. middle car pathology. or both. In um­
mUI). the data from Decreten. et al.. (I 99 I) 
and 1 011a and Sabo. (I 992). suggest that 
there may be an important role for otoa­
coustic emissions in hearing and middle ear 
... creening of) oung children. s '' ith other 
mea\urcs. normative data are needed or the 
age groups of intere t and controlled clini­
cal trial-. mu. t be carried out to determine 
the ensiti\ ity. specificity. and predictive 
value of OAfa for detection of hearing lo 
and middle ear d) sfunction. G 
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