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Pe3ume

BoBen: OTOakyCTHYHHTE EMHUCHU C€ 3BYIIH
IITO pe3ylTHpaar oji eHeprujara TeHeprupaHa
BO KoxJjleara. buzejku ce mpeHeceHu of] KOX-
Jleara J10 HaJIBOPEIIHUOT CIYIIEH KaHall, Kaje
IITO MOXKE J1a OuaaT u3MepeHH, marojorujara
Ha CPETHOTO YBO MOXKE Ja BIIjae HAa HUBHHUTE
KapaKTePUCTHUKH.

Hea: Llen Ha cTyaujara Geme na ce eBagynpa
BITMjaHUETO Ha 3200 TyBamaTa Ha CPEITHOTO YBO
Ha EKCIpecHjara Ha OTOAKYCTHYHHTE EMHCHHU
kako mponykT Ha auctop3mja (HAIIOAE) kaj
Jerara.

Marepujaa u Merogu: OBaa mpoCIEKTUBHA
CTyIMja BKJIyIyBa IpUMepok on 51 nere, 26
mamku (51 %) u 25 xencku (49 %), Ha BO-
3pact ox 4 no 14 rogunu (cpeana Bospact 7,1
TO/IMHA), TIPETVIeIaH! BO TIEPUOAOT OJI jaHyapH
1o maj 2017 roguna. bea Bkiryyenu BKymHo 15
nena co orutuc meama co edysuja (OME) u
tun B Tummanorpam, 21 nete co nucyHkImja
Ha EBcraxueBara Ty0a u T C TUMIIAaHOTpaM,
0e3 TEeYHOCT BO CpPEIHOTO yBO M 15 jmemna co
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Abstract

Introduction: Otoacoustic emissions are
sounds that result from energy generated in
the cochlea. Because they are transmitted from
the cochlea to the ear canal where they can be
measured, middle ear pathology can influence
their characteristics.

Objective: The objective of the study was to
evaluate the influence of middle ear disor-
ders on the expression of distortion product
otoacoustic emissions (DPOAE) in children.
Material and methods: This prospective
study included a sample of 51 children, 26
males (51%) and 25 females (49%), aged 4 to
14 years (mean age of 7.1 years), examined
during the period of January to May 2017. A
total of 15 children with otitis media with ef-
fusion (OME) and type B tympanogram were
included, 21 children with Eustachian tube
dysfunction and type C tympanogram, with-
out middle ear fluid, and 15 normal hearing
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YpeIeH CayX U TUI A THMIIaHOTpaM Kako KOH-
TpOJIHA TpyTIa.

Pesyararu: Kaj nenara co tun B Tummna-
HOTpaM, HajHHCKaTa CpeaHa BPETHOCT Ha
HAIIOAE ammmmryna Oemre -15 dB SPL nHa
¢dpexsenujara 4000 Hz. Kaj ciyuaute co tum
C TuMmaHorpam, HajHUCKaTa cpeiHa BPEIHOCT
Ha JIIIOAE ammutyna 6emre -0,5 dB SPL u
kaj Tun A tumitanorpam 6,7 dB SPL. Kaj nena-
ta co OME 06ea mpudarenn camo 7 % of cute
Touku 1o oktasa (p < 0,00001), ATIOAE 6Gea
OTCYTHH Kaj 85,8 % ox TecTupanure GppeKBeH-
mna (p = 0,0259) m cpegHara BpemHOCT Ha
paroT Ha ciayxot oeme 26 dB HL.
3akayuok: Excrpecujara na JAIIOAE e cur-
HU(UKAHTHO aeKTHpaHa HE CaMO CO IMPHCY-
CTBO Ha TEYHOCT BO CPEAHOTO YBO, HO HCTO
Taka ¥ BO Cllyyad Ha HETaTUBEH NMPHUTHUCOK BO
CPEIHOTO YBO 0€3 peyKIilija Ha CITyXOT.

Kuyunu 300poBu: omumuc meoua co eqy-
3Uja, OMOAKYCMUYHY eMUCUU, eKCTpecujd.

Boeed

Otutrc Meauna co edysuja (OME) e mpucyctBo
Ha TEYHOCT BO CPEIHOTO YBO 0€3 3HAIU WU
CUMIITOMH Ha aKyTHa HHQEKITHja Ha yBOTO (1).
WznuBoT MOXKe Jla Bapupa Ol CEPO3CH 10 I'YCT
1 MYKO3€H, IPeIU3BUKYBajKH BpEMEHa, peBep-
3uOMIIHA peayKija Ha ciyxorT (2). Hajuecrto e
acoIMpaH co KOHAYKTHBHA PeAyKIHja Ha CITy-
XOT M 3TOJICMEH PHU3UK OJ] aKyTHA MH(EKIH]ja
Ha cpenHOTO yBO. llocTojar HEKONKY MOX-
HU Teopuu 3a ernonarorene3ara Ha OME kou
BKJIydyBaaT AWCPyHKIHMja Ha EBcraxmeBaTa
Ty0a, CyNKIMHWYKA OaKTepucKa WHQEKInja u
KaKo pe3yJNTar Ha aKyTeH OTHTHC Meaua (3).

[THeBMarckara OTOCKONHMja ce€ TpernopavdyBa
KaKo MpUMapeH mujarHocTudku TecT 3a OME.
Tummnanomerpujara € KOPUCHO JIOTIONHYBAaIbC
Ha ITHEBMATCKaTa OTOCKOMMja OUJICjKH OBO3MO-
KyBa O0jeKTMBHa TPOIEHAa HA cocTojOara Ha
cpexnoto yBo (1). Tumnmanomerpujata MoXke 1a
00e30ean KoprcHa MH(pOpMaIHja 32 MO3UTHB-
HHOT WIH HETaTUBHUOT NPUTHCOK BO CpPEIHO-
TO YBO IITO HE MOXe Jla 00e30e/1 THeBMaTCKa-
Ta otockomuja (4). [Iparor Ha ciIyXoT oxpeneH
CO TOHAJIHA JIMMUHAPHA ayJJHOMETpHUja € BaKeH
3a eBallyHparme Ha TeKHWHATA W BIMjaHUETO Ha
OME. [IpoceunaTa BpeAHOCT Ha IPAroT Ha CIIy-
XOT Kaj peayKIrja Ha cIyXoT moBp3ana co OME

children with type A tympanogram as a con-
trol group.

Results: In children with type B tympano-
gram, the lowest mean DPOAE amplitude
was -15 dB SPL at frequency of 4000 Hz. In
cases with type C tympanogram, the lowest
mean DPOAE amplitude was -0.5 dB SPL,
and in type A tympanogram 6.7 dB SPL. In
children with OME, only 7% of all points
per octave were accepted (p<0.00001),
DPOAE were absent in 85.8% of tested fre-
quencies (p = 0.0259), and pure tone aver-
age was 26 dB HL.

Conclusion: Expression of DPOAE is sig-
nificantly affected not only with presence of
middle ear fluid, but also in cases of neg-
ative middle ear pressure without hearing
loss.

Keywords: ofitis media with
otoacoustic emissions, expression

effusion,

Introduction

Otitis media with effusion (OME) is the pres-
ence of fluid in the middle ear without signs
or symptoms of acute ear infection (1). A flu-
id may vary from serous to tick and mucoid,
causing a temporary, reversible hearing loss
(2). It is associated most commonly with a
conductive hearing loss and an increased risk
of acute middle ear infection. There are a num-
ber of potential theories for the etiopathogen-
esis of OME including Eustachian tube dys-
function, subclinical bacterial infection and as
a result of acute otitis media (3).

Pneumatic otoscopy is recommended as a first-
line diagnostic test for OME. Tympanometry
is a useful adjunct to pneumatic otoscopy be-
cause it provides objective evidence of mid-
dle ear status (1). Tympanometry may pro-
vide useful information on positive or negative
middle ear pressures that pneumatic otoscopy
does not (4). Pure tone audiometric thresholds
are important to evaluate the severity and ef-
fects of OME. OME related hearing loss aver-
ages 18-35 dB HL. The audiometric configura-
tion is typically flat with a slight peak at 2000
Hz and a fall at 8000 Hz (5). Children aged

HAEDEKTOJIOUIKA TEOPHJA U ITIPAKTHKA 2017, 18(3—4):44-54
DOI: 10.19057/jser.2017.25

45



MEDICAL TREATMENT

n3HecyBa 18-35 dB HL. AynmnomeTpuckara KoH-
¢uryparja TUITAIHO € paMHAa CO Maj THK Ha
2000 Hz n mam na 8000 Hz (5). Kaj nemara na
BO3pAcCT Off YETUPH TOMHH U TIOBEKE MOXKE J1a ce
M3BeJic KOHBEHITMOHAIHA aynroMeTpuja (6).
OME e HajuecTa mpuurHA 3a PEAYKIIHja Ha CITY-
x0T kaj aemara. Oxomy 85 % ox merara mmaar
enm3ona Ha OME Bo Tex Ha gerctBoto. [locTon
OMMoJaIcH MUK Ha MHITUICHIIN]a Ha BO3PACT Ol
JIBE ¥ TI€T TOIWHH, CO CIIOHTAHO TOBJIEKYBame
Ha enm3oaute Ha OME Bo mepuonm om Tpu Me-
cert B0 50 % ox ciygante. Kaj Hajromem 6poj
on merata edy3mjara BO CPEIHOTO YBO Ke Ce T0-
Biede Oe3 TpeTmaH. J[OKONKy He ce TmoBiede,
KBAJINTETOT HA JKUBOT € HEraTUBHO a(eKTUpaH
OJ] aCTIEKT Ha CITyX, TOBOP, COIMjaJIHN U eayKa-
TUBHHU TIepdhopmancu (2).

WNmajku ja TIpenBUa BaKHOCTAa HA YCICITHH-
ot TpetmMad Ha OME, BO mocienHuTe TOIUHU
Y APYTH IWjarHOCTUYKH METOIH C€ BKIydyBaaT
Bo MeHaMeHTOT Ha OME. Mepemero Ha oToa-
kyctuaaute emucuu (OAE), ocobeHno oroakyc-
TUYHATE €MHCHHU KaKo MPOAYKT Ha JUCTOP3Hja
(ITTOAE), momaraat Bo eBajyaryja Ha CpeaHO-
TO yBO BO TeKoT Ha TpetMaHoT (7). OAE ce 3By-
M IIITO PE3YNITUPAAT O] EHEpTrHjaTa reHepupaHa
BO KOXJIeaTa IITO Ce MPEHECEHH! MPEKY CPeTHO-
TO YBO BO HAJIBOPENIHHOT CIYIICH KaHAJ Kaje
IITO MOJKE JIa C€ M3MepaT CO KOPHCTEH-E Ha CeH-
3UTHBEH MUKPOQOH (8).

[TaTonmomkuTe COCTOjOM MTO ja MEHYBaaT MM-
MefancaTa Ha CPEeJHOTO YBO, KOHCEKYTHBHO
ja Momudummpaar OAE ammmrynara Oumejku
€ JPacTUYHO M3MEHET CTHMYJOT O BHATpell-
HOTO yBO (9). [lypu u Kora CpemHOTO YBO MMa
coceMa MaJia TIpOMEHa BO OJHOC Ha Heromara
ONITHMAJTHA TPAHCMUCH]ja, BO OTCYCTBO Ha JIeTe-
KTaOWiTHA KOHAYKTHBHA PEAyKIHja Ha CIYXOT,
OAE moxe ma ru pedaekTupaar mpoMEeHNUTE Ha
VMMIIe/TaHcaTa Ha CPEHOTO yBO. BaxkHO € na ce
TOKYMEHTHpaar THe TIPOMEHH BO OTHOC Ha KJIH-
HUYKUTE WUMIUITMKAIAN O] MO)KHA WHTEpaKIfja
Ha cocTojbara Ha CPEIHOTO YBO CO OCIO00TY-
Bam€ Ha EHEPTHja BO BHATPEmHOTO yBO (10).

Mamepujan u memodu

OBaa mpOCIEeKTUBHA CTy[Hja BKIydyBa MpUMe-
pok on 51 nere, 26 mamku (51 %) u 25 xeHckn
(49 %), na Bo3pact on 4 no 14 ronqunu (cpeana
Bo3pacT 7,1 roguna), nperenanu Ha O1em0T 3a
OTOpUHONIapUHTOJIOTHja, [paacka onmta 6oITHH-
ma ,,8-mu CenremBpu®, Ckomje, PemyOnmka
MakeioHuja, BO TIEPHOAOT OJ jaHyapH 10 Maj

four years or older are suitable for convention-
al audiometry (6).

OME is the most common cause of hearing
impairment in children. About 85% of chil-
dren will experience an episode of OME dur-
ing childhood. There is a bimodal peak of in-
cidence at two and five years of age, with 50%
of episodes of OME resolving spontaneous-
ly within three months. For the majority of
children, the middle ear effusion will resolve
with no treatment. If resolution does not occur,
quality of life aspects of hearing, speech, so-
cial and educational performance are adverse-
ly affected (2).

Taking into account the importance of the
successful treatment of OME, in recent years
another diagnostic methods are included
in the management of OME. Measurement
of otoacoustic emissions (OAE), especial-
ly distortion product otoacoustic emission
(DPOAE) will aid in evaluating middle ear
condition during the treatment (7). OAE are
sounds that result from energy generated in
the cochlea that are propagated through the
middle ear and into the ear canal where they
can be measured using a sensitive micro-
phone (8).

Pathologies that alter the impendance of the
middle ear consecutively modify the OAE am-
plitude because the stimulus to the inner ear
is drastically altered (9). Even when the mid-
dle ear departs only slightly from its optimal
transmission, in the absence of any detecta-
ble conductive hearing loss, OAE can reflect
middle ear impendance changes. It is impor-
tant to document these changes with regard to
the clinical implications of a possible interac-
tion of middle ear status with inner ear energy
release (10).

Material and methods

This prospective study included a sample of 51
children, 26 males (51%) and 25 females (49%),
aged 4 to 14 years (mean age of 7.1 years), exam-
ined at the Department of Otorhinolaryngology,
City General Hospital “8th September”, Skopje,
Republic of Macedonia, during the period of
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2017 romuua. KputepuyMmu 3a BKIydyBambe 0ea:
OME u tun B TuMnanorpam 3a UCIUTyBaHATa
rpyna koja ce cocroeute o 15 nena (30 ymm),
micynknuja Ha EBcraxuesara Ty6a u tun C
THUMIIAHOTPaM Ha TECT YBOTO, 0€3 TEYHOCT BO
CpEeIHO YBO 3a BTOpara Ipymna Koja ce CoCToe-
me ox 21 mete (30 ymm) 1 gena co ypeaeH ciayx
U TUI A TUMIIAHOTPaM KaKo KOHTPOJIHA rpymna
cocraena ox1 15 nena (30 ymm). Kaj cute nena
Oelie cripoBe/ieHa KIIMHWYKA €Basyalldja IITo
BKJIydyBallle: aHaMHE3a, OTOCKOIINja, THMIIAHO-
METpHja co TeCT TOH o1 226 Hz, ToHaHa TuMu-
Hapna aynuometpuja u AITOAE Tecrt.
TonanHara JUMHUHApHA ayaMOMETpHja Oelie pea-
mupana co MADSEN Astera2 aymmometap (GN
Otometrics, Jlancka) u HDA 300 circum-aypan-
HHU CIYIIANKH BO TMBKa kabuHa. IIparor Ha ciy-
XOT Oellie ofipelieH Ha cieiHuTe PppeKBeHImu: 125,
250, 500, 1000, 2000, 4000 u 8000 Hz. Ypenuuot
ciyx Oere neuHUpaH Kako mpar Ha ciyx < 20 dB
HEBO Ha cnyx (HL) Ha aymmometpuckute (hpekBeH-
uu o1 250 1o 8000 Hz. Tumnanomerpujara Gere
u3BeneHa co Amplaid A756 Screening TuMmaHo-
metap (Amplifon, Utanuja).

JITOAE ©Oea cuumenu co amapar 3a OAE
MADSEN Capella2 (GN  Otometrics,
Hancka), Bo ¢opma Ha distortion product
audiograms (DP-gram) no6uenu co aBa npwu-
MapHU TOHa Kako ctumynu L1 = 65 dB HuBo
Ha 3BydeH nputncok (SPL) m L2 = 55 dB
SPL. CoomgaocoT Ha ¢)pekBeHIIIUTE Oerire Ha-
MecteH Ha f1/f2 = 1.22. HuBoara na 2f1-f2
JITOAE 6ea peructpupanu Ha GpeKBEHITHH-
te on 1000 Hz no 8000 Hz Ha yeTupu TOoUKH
o oxraBa. BkynHo 13 Touku O6ea cHUMEHH
Ha cexoe yBo. [IIIOAE ce cmerate 3a mep-
JIMBa aKO HEj3WHATa aMmIumTyaa Oerie Haj-
Manky 6 dB Hajg HUBOTO Ha MIyMOT W MH-
aumyM -5 dB SPL. X-ockara ja mokakyBa
f2 ¢pexBeHnyjarTa, a y-ockara T MOKaKyBa
DP Output-Scale makcumym 45 dB SPL u DP
Output-Scale munumym -25 dB SPL.

3a craTucTHYKa aHaJK3a Ha TTOJIATOIUTE TO KO-
pucTeBMe XH-KBampar TecToT u Fisher’s exact
TECTOT CO HUBO Ha 3Ha4ajHocT p < 0,05.

Bpoj Ha mpoTokonm 3a eTHYKO On00peHHeE:
2360/2017.

Pe3ynmamu

HcnuryBanara rpyna Ha nena co OME u tun
B tuMmmanorpam ce cocroeme on 15 mema

January to May 2017. Inclusion criteria were
OME and type B tympanogram for the study
group that consisted of 15 children (30 ears),
Eustachian tube dysfunction and type C tympa-
nogram on the test ear, without middle ear flu-
id for the second group consisted of 21 children
(30 ears), and normal hearing children with type
A tympanogram as a control group consisted of
15 children (30 ears). All patients underwent
clinical evaluation including medical histo-
ry, otoscopy, tympanometry with 226 Hz probe
tone, pure tone audiometry, and DPOAE test.
Pure tone audiometry was performed with
MADSEN Astera2 audiometer (GN Otometrics,
Denmark) and HDA 300 circum-aural head-
phones in sound proof booth. Hearing thresh-
old was determined at following frequencies:
125, 250, 500, 1000, 2000, 4000, and 8000 Hz.
Normal hearing was defined as thresholds <20
dB hearing level (HL) at audiometric frequen-
cies from 250 to 8000 Hz. Tympanometry was
performed with Amplaid A756 Screening tym-
panometer (Amplifon, Italy).

DPOAE were recorded with OAE de-
vice MADSEN Capella2 (GN Otometrics,
Denmark) in the form of distortion product au-
diograms (DP-gram) elicited by two primary
tone stimuli L1 = 65 dB sound pressure level
(SPL) and L2 =55 dB SPL. The frequency ra-
tio was adjusted to f1/f2 = 1.22. Levels of the
2f1-f2 DPOAE were registered at frequencies
from 1000 Hz to 8000 Hz at four points per
octave. A total of 13 points were recorded in
each ear. DPOAE was considered to be meas-
urable if its amplitude was at least 6 dB above
the noise level and minimum -5 dB SPL. The
x-axis is showing f2 frequency, and y-axis is
showing DP Output-Scale maximum 45 dB
SPL and DP Output-Scale minimum -25 dB
SPL.

For statistical data analysis we used Chi-square
test and Fisher’s exact test with level of signif-
icance p < 0.05.
Protocol  number
2360/2017.

of Ethical approval:

Results

A study group of children with OME and
type B tympanogram consisted of 15 children
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(cemym MaImkwm ¥ OCyM >XKCHCKH), Ha BO3pPacT
on 4 no 12 rogunu (cpeaHa Bo3pact o 6 roau-
Hu). Cure ena uMaa KOHyKTHBHA PEIyKIIHja
Ha CIyXOT CO MPOCEYHA BPEIHOCT Ha IParot
Ha ciryxoT ont 26 dB HL Ha dpexBennunte 500
Hz, 1000 Hz, 2000 Hz u 4000 Hz.

Bropara rpyna ce cocroemte on 11 mamku u
10 >xeHcku peua, Ha Bo3pact ox 4 no 14 ro-
muHA (cpemHa Bo3pacT on 8,1 roguna). JleBeT
nera umaa owmnarepanuau Tan C TUMMaHOTpa-
Mu u 12 nena yHunarepanau tan C u tun A
TUMIAHOTpaM Ha KOHTPAJIaTepaliHOTO YBO.
[Ipoceunara BpeqHOCT Ha MParoT Ha CIyXOT
BO OBaa cnuTyBana rpyna oeme 16 dB HL.
Bo koHTponHaTa rpyna BKyIIHO OCyM Jena oea
MaIlIKH ¥ cellyM Oea KeHCKH, Ha Bo3pacT of 4
1o 14 romuau (cpemHa Bo3pact of 6,8 romau-
un). [Ipoceynara BpeqHOCT Ha MParoT Ha CITy-
XOT BO OBaa KOHTpouiHa rpyna 6emre 12 dB HL.
Ja nucnuryBaBme excnipecujara Ha JAIIOAE xaj
JieriaTa co TaToJIoTHja Ha CPEIHOTO YBO U TH
rxommapupasme pesynrarare ox JIIIOAE awm-
IJTUTYATa ¥ CUTHAI ryM coomHocot (SNR) co
pe3yaTaThTe Kaj Ienara co ypeneH CiyX U TUI
A tummna"orpam. bujejku 4eTupy TOYKH 110 OK-
TaBa 0ea CHUMEHH, TH PUKa)KaBMe OKTaBHUTE
(pekBeHIInU Kako 30up of ppekBeHIMUTE 996,
1191 u 1416 Hz 3a 1000 Hz; 1679, 2001, 2382
n 2832 3a 2000 Hz; 3359, 4003 u 4755 3a 4000
Hz u 5654, 6728 u 7998 3a 8000 Hz.
ITpukaxana e cpennara BpensHoct Ha [II am-
IUTATY/ATa Kaj CUTE JIela CO Pa3IndHu TUTIOBU
tumnanorpamu (Tabema 1).

Tabena 1. Cpeona epeonocm na JI1 amnaumyoa-
ma (dB SPL) cnoped munom Ha mumnasocpamom

(seven males and eight females), aged 4 to 12
years (mean age of 6 years). All children had
conductive hearing loss with pure tone average
of 26 dB HL on frequencies 500 Hz, 1000 Hz,
2000 Hz, and 4000 Hz.

A second study group consisted of 11 males
and 10 females, aged 4 to 14 years (mean age
of 8.1 years). Nine children had bilateral type
C tympanograms and 12 children unilateral
type C and type A tympanogram in contralat-
eral ear. Pure tone average in this study group
was 16 dB HL.

In control group a total of eight children were
males and seven females, aged 4 to 14 years
(mean age of 6.8 years). Pure tone average in
this control group was 12 dB HL.

We investigated the expression of DPOAE in
children with middle ear pathology and com-
pared the results from the DPOAE amplitude
and signal to noise ratio (SNR) with results in
children with normal hearing and type A tym-
panogram. Because four points per octave were
recorded we displayed the octave frequencies
as a total of frequencies 996, 1191 and 1416
Hz for 1000 Hz; 1679, 2001, 2382 and 2832
for 2000 Hz; 3359, 4003 and 4755 for 4000
Hz, and 5654, 6728 and 7998 for 8000 Hz.
The mean DP amplitude in all children with
different types of tympanograms was dis-
played (Table 1).

Table 1. Mean DP amplitude (dB SPL) according
to the type of tympanogram

Tumnanorpam / Tympanogram 1000 Hz 2000 Hz 4000 Hz 8000 Hz
Tun A/ Type A 14.1 dB 14.1 dB 8.3dB 6.7 dB
Tun B/ Type B 1.9dB -43dB -15dB —11.8dB
Tun C/ Type C 5.8dB 7.7 dB -0.5dB -4dB

Cpennara BpeJHOCT Ha aMILIUTYAaTa Kaj yIu-
te co OME u tun B tummnanorpam 6erme mo-
HHCKa BO criopenda co aMIUINTyAaTa Kaj yIIu-
Te co TUIN A 1 tun C TUMIIAHOTpaM Ha CHUTE
(pexsenmym, ocodeno va 4000 Hz. Bo Tabena
2 ja mpuKa)kaBMe CpeHaTa BPEIHOCT Ha COO-
HocoT curHai myM (SNR), ognocuo /11 am-
IUIMTyJlaTa HaJ HUBOTO Ha HIyMOT. Bo 0BOj
cllyyaj, CpeAHaTa BPEJHOCT HA aMIUIMTyHara
Ha ¢pexsernujata 2000 Hz 6emre najmana.

The mean amplitude in ears with OME and
type B tympanogram was lower in compari-
son to the amplitude in ears with type A and
type C tympanogram at each frequency, espe-
cially at 4000 Hz. In Table 2 we displayed the
mean signal to noise ratio (SNR), i.e. DP am-
plitude above the noise level. In this case the
mean amplitude at frequency of 2000 Hz was
the lowest.
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Tadena 2. Cpeona epeonocm ma SNR (dB SPL)
Ccnopeo munom Ha MUMNAHOSPAMOm

Table 2. Mean SNR (dB SPL) according to the type
of tympanogram

Tummanorpam / Tympanogram 1000 Hz 2000 Hz 4000 Hz 8000 Hz
Tun A/ Type A 14.8 dB 17 dB 21.4dB 18.5dB
Tun B/ Type B 1.8 dB 0.3 dB 1.6 dB 2.9dB
Tun C/ Type C 6.7 dB 11.1dB 14 dB 8.8dB

Cnuka 1 (a, 6, B) wiycrpupa TunudeH DP-
gram 1mTo Oellle CHUMEH Kaj pa3JIu4HU COCTO]-
OM Ha CPEIHOTO YBO.
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Figure 1 (a, b, c) illustrates a typical DP-gram
which was recorded in different middle ear
conditions.
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B) DP-gram kaj Tun C TUMIaHorpam
¢) DP-gram in type C tympanogram

Canka 1. DP-gram kaj ymm co pa3in4yHu THIIOBH
tumnanorpamu. *CumO00510T ,,0” 03HAYyBa CHUME-
uu JATTOAE

beme mpecmetan 6pojot Ha mpudarenu JIIOAE
KaKo MPUCYTHH HA CHTE TOYKU 110 OKTaBa BO
CHTE TPH TPYIH Ha Jiela CO Pa3INYHU TUTIOBH

Figure 1. DP-gram in ears with different types of
tympanograms. *The symbol “0” indicates record-
ed DPOAE

The number of DPOAE accepted as present
in all points per octave was calculated in all
three groups of children with different types of
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tumitasorpamu. BxymHo 1170 Touxu 6ea cHuMe-
HH, 13 Touku Ha cexoe yBo (Tabemna 3).

Ta6ena 3. bpoj na npugpamenu JJIIOAE kaj cume mou-
KU N0 OKmMasd

tympanograms. A total of 1170 points were re-
corded, 13 points in each ear (Table 3).

Table 3. Number of accepted DPOAE in all points per
octave

[pucdarenu / Accepted On6uenu / Rejected Bxynno / Total
Tummnanorpam / Tympanogram
No % No % No %
Tun A/Type A 375 32 15 1.3 390 333
Tun B/Type B 82 7 308 26.3 390 333
Tun C/Type C 284 243 106 9.1 390 334
Bkynno/Total 741 63.3 429 36.7 1170 100
p<0.00001*

Kaj ymmre co edy3uja u Tun B Tummanorpam,
Opojot Ha mpudaTeHN TOUKH Oere curHudm-
KaHTHO TOHHM30K BO cCriopenda co KOHTPOJI-
HaTa TpymHa W Tpyrnara co IUCPYHKIHja Ha
EBcraxmesara Ty6a u tun C Tummanorpam (>
=496,629, df =2, p <0,00001). Kaj gemara co
TATT A TUMITaHoTpaM, Oea ombuenu 3,8 % ox
ToukuTe 1Mo okTara (15 ox 390).

Hcro Taka, Oemre mpukakaHa JeTEKTaOMII-
vocra Ha JAITIOAE xaj ymmute co tun B thm-
manorpaM Ha cute ¢pexBennnn (Tadena 4).
Bo oBoj ciaydaj mpucyctBoro Ha OAE OGemre
pasrienano co KpUTepuyM Ha mpudakame: >
50 % on mpudareHn TOYKK MO OKTaBaA.

Tabena 4. /lemexmabunnocm na JI1OAE kaj ywiu-
me co mun B mumnanozpam

In ears with effusion and type B tympano-
gram number of accepted points was signifi-
cantly lower in comparison to control group
and group with Eustachian tube dysfunction
and type C tympanogram (¥*>=496.629, df=2,
p<0.00001). In children with type A tympano-
gram, 3.8% of the points per octave were re-
jected (15 of 390).

Detectability of DPOAE in ears with type B
tympanogram at each frequency was also
displayed (Table 4). In this case presence of
otoacoustic emissions was considered with
criterion of acceptance: > 50% of accepted
points per octave.

Table 4. Detectability of DPOAE in ears with type
B tympanogram

) . 1000 Hz 2000 Hz 4000 Hz 8000 Hz Bxynno/Total
Excnpecuja / Expression
No % No % No % No % No %
Ipucyran/Present 6 5 8 6.7 2 1.7 1 0.8 17 14.2
Otcyrau / Absent 24 20 22 18.3 28 233 29 242 103 85.8
Bkymnno / Total 30 25 30 25 30 25 30 25 120 100
p=0.0259*

Bea anamu3upaHu BKYIHO YETHPH OKTaBHH
(dpexBeniyu kaj cure 30 ymm co tan B TM-
nanorpaMm. JITTIOAE Oea pmerexTupaHu camo
kaj 14,2 % onx TectupaHutTe (QpPEKBEHIINU.
Wmame cTaTUCTHYKU CUTHU(UKAHTHA pas-
JIMKa ToMery OpojoT Ha MPUCYTHH M OTCYTHH
OAE Ha pazmunn ¢pexsenmu (p = 0,0259).
Hcto Taka ja nmpukakaBMe U eKclpecHujaTa Ha
HIIOAE Bo xontponnara rpymna (Tabena 5).

A total of four octave frequencies in all 30
ears with type B tympanogram were analyz-
ed. DPOAE were detected in only 14.2% of
tested frequencies. There was statistically sig-
nificant difference between present and absent
OAE at different frequencies (p = 0.0259). We
also displayed the DPOAE expression in con-
trol group (Table 5).
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Taodena 5. /Jemexmaoburnocm na JJIIOAE kaj ywume
co mun A mumnanozpam

Table 5. Detectability of DPOAE in ears with type A
tympanogram

. . 1000 Hz 2000 Hz 4000 Hz 8000 Hz Bkymnuo/Total
Excnipecuja / Expression
No % No % No % No % No %
Ipucytnu/Present 29 24.2 29 242 29 24.2 29 242 116 96.8
OrcytHu / Absent 1 0.8 1 0.0 1 0.0 1 0.0 4 32
Bkynzo / Total 30 25 30 25 30 25 30 25 120 100

Bo oBaa rpyna JAIIOAE 6ea mpucyTtau Bo 96,8
% ox Tectupanute ¢ppexkBeHnnn. bea Tectupa-
1 BKymHO 120 dpexsentun Ha 30 yrmmm.

HAuckycuja

Beme ananmsupano saujanuero Ha OME u
HETaTHMBHUOT TMPHUTUCOK BO CPEJAHOTO YBO Ha
JIOAE. Ammuutynara Ha JITIOAE xaj nera-
Ta CO TEYHOCT BO CPEJHOTO YBO Oelle Komria-
pupana co ammumartynara Ha J{IIOAE kaj nena-
Ta CO TUI A THMIaHOTpaM, Oe3 peayKiuja Ha
ciryxoT. Cute aena co tun B TuMmanorpam Bo
Hallata CTyldja WMaa KOHIYKTUBHA pEayK-
[[{ja Ha CIIyXOT CO TPOCEYHA BPEIHOCT Ha Mpa-
roT Ha ciayxoT of 26 dB HL Ha ¢pexBeniunte
500 Hz, 1000 Hz, 2000 Hz u 4000 Hz. Kaj neua
co OME npukaxaHa e mpocedyHa BpeJHOCT Ha
penykuujara Ha ciyxor on 30,2 dB HL (11).
Peniep 3a penykuuja Ha ciyX Kaj OuiiaTepajieH
OME e cnyx Ha mogo6poTo yBo ox 25 o 30 dB
wiu nojomio, Bo mpocek Ha 0,5, 1, 2 u 4 kHz.
TumnanoMeTpujaTa THIIMYHO IEMOHCTPHpA Ha-
MaJieHa KOMILIHjaHca Ha CPEJHOTO YBO CO THI B
unu C xpuBu 110 Jerger (2).

bea mepenun HIIOAE ammiutymata u coof-
Hocot curHan myM. AIIOAE ce cHumenu co
KOPHCTEHh¢ Ha CUTHAI-NPOCEYHH TEXHHKH.
[IpocekoT Ha OpaHOT IWITO € ACTEKTHPaH BO Ha-
JBOPEUTHHUOT CIYIICH KaHaJl TOT0Aa TOJICKH Ha
CIeKTpajiHa aHajiu3a 3a jaa ce oapenu SPL Ha
2f1-f2 3a cexoj map ToHoBu (12, 13). ATIOAE
ammutyaata kaj ymmre co OME u tun B TaMm-
naHorpam Oeliie TOHKMCKa BO criopenda co am-
IUIMTY/aTa Kaj ymure co Tai A u tun C tTumna-
HOTrpaM Ha cute (pekBeHH, ocodeno Ha 4000
Hz. dpyru aBropu UCTO Taka HalllJIe PEJIAaTUBHO
HUCKH CTaIlku Ha MepiuBH emucun kaj ATTOAE
Kaj MalueHTUTe co ey3uja BO CPEAHOTO YBO,
IITO TO JIECMOHCTPHUPA BIMjaHUETO Ha edy3uja-
Ta BO CPEJHOTO YBO Ha JETEKTaOMIHOCTA Ha

In this group DPOAE were present in 96.8%
of tested frequencies. A total of 120 frequen-
cies were tested in 30 ears.

Discussion

The influence of OME and negative mid-
dle ear pressure on DPOAE was analyzed.
DPOAE amplitude in ears with middle ear
fluid was compared to DPOAE amplitude in
ears with type A tympanogram, without hear-
ing loss. All children with type B tympano-
gram in our study had conductive hearing
loss with pure tone average of 26 dB HL on
frequencies 500 Hz, 1000 Hz, 2000 Hz, and
4000 Hz. In children with OME the average
hearing loss 30.2 dB HL was reported (11).
The benchmark for hearing loss due to bilat-
eral OME is hearing in the better ear of 25-30
dB or worse, averaged at 0.5, 1, 2 and 4 kHz.
Tympanometry will typically demonstrate re-
duced middle ear compliance with Jerger type
B or C traces (2).

The DPOAE amplitude and SNR were
measured. DPOAE are recorded using sig-
nal-averaging techniques. The averaged
waveform detected in the ear canal then un-
dergoes spectral analysis to determine the
SPL at 2f1-f2 for each tonal pair (12, 13).
DPOAE amplitude in ears with OME and
type B tympanogram was lower compared
to the amplitude in ears with type A and type
C tympanogram at each frequency, espe-
cially at 4000 Hz. Other authors also found
relatively low rates of measurable emissions
in DPOAE in patients with middle ear effu-
sion, which demonstrates the effects of mid-
dle ear effusion on the detectability of OAE.
It was concluded that in the young children
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OAE. buyo 3akiy4deHo AeKa Kaj MaJluTe JIera
co edy3uja BO CPEIHOTO YBO Kaj KOU HE MOXKE
Jla ce HalpaBU TOHAJEH ayIuorpam, IOIOJ-
autenHo Mmepere Ha OAE mo mocTaByBame
Ha BEHTWIALMOHU EBYMIbA MOXE JIa UCKITY-
4yn KoxJieapHa naroioruja (14-16). Georgalas
et al. mpukaxange OTCyTHH TPaH3UEHTHH €BO-
nupanu oroakyctnyau emucuu (TEOAE) kaj
69 % on neuara co tun B Tumnanorpam (17).
Bo namara crymmja cramkata Ha OAE exc-
npecuja Oelle MOHUCKA Kaj CIy4auTe Ha THII
B tummanorpam Bo cropenda co KOHTpOJIHA-
Ta rpyna u rpynara co tan C TUMIIaHOTpaM.
XU-KBaJpaT TECTOT TOKaXKa CTATHCTHYKU CHT-
HU(pHUKAHTHA pa3jiuKa moMery OpojoT Ha MpH-
¢darenn n ondouenu [AIIOAE xaj cute TOukn
10 OKTaBa BO TpUTE pa3iaudHu rpymnu. Fisher’s
exact TeCTOT UCTO TaKa MOKakKa CTaTHCTUYKH
CUTHU(HKAHTHA pa3jiika MOMery MpHCYTHH-
te u orcytHuTe OAE kaj cioydante Ha OME.
Kaj nosekero ¢pexsennnu JAIIOAE 6ea ot-
cyTHH. 3a 1a ce aerekrupa OME, ce npenopa-
yyBa 1 Tumnanomerpuja 1 TEOAE ckpuHuHT.
TEOAE CKpHHHHTOT € KOPHCHO JIOTIOJIHYBambe
Ha CKpUHMHTOT co TuMnanomerpuja (18, 19).
Hue ro ananmsmpaBme edexToT Ha edysuja-
Ta BO CPETHOTO YBO Kaj JieraTa Bo mpeaonepa-
TUBHHOT nepuoa. Amnukanujara Ha TEOAE u
JIIOAE Bo crieemeTo Ha XUpypIIKUTE edek-
TH € METOJ] Ha U300p 32 CKPUHUHT Ha CIIyXOT.
OME wmoxe ma ce MOHUTOpHUpPA CO MEpeHe
Ha OAE mpenonepaTMBHO M MOCTONEPATHBHO
(20-24). IIpoydyBajku TO BIMjaHUETO HA CPEI-
Hoto yBo Ha TEOAE, aBropute 3akiyuuie
JeKa /1Ba (pakTopu BO CPETHOTO YBO €€ TECHO
noBp3ann co orcyctBoro Ha TEOAE, npucy-
CTBOTO M BUCKO3HOCTA Ha U3IUBOT (25).

Bo namara crynuja ammnurynara Ha JIIOAE
Oerre moHUCKa U Kaj Aenara co Turn C TuMma-
HorpaM. HeraTuBHHOT TIPUTHUCOK BO CPETHOTO
yBo (< 100 daPa) HeratuBHO BiMjac Ha MOX-
HocTa 3a canMame Ha TEOAE u JITTOAE (26-
29). Bo Hamara crynuja, 3,8 % o1 TOUKHTE 110
OKTaBa Oca OOMEHH Kaj leraTa co ypeleH ciyX
n taun A TumnadorpaM. Hekou aBtopwu ja mpo-
yuayBaje npomenara Ha OAE kaj nena u mia-
JIM BO3pAacHU JIMIa CO MPETXOAHA MCTOpHUja 3a
IucyHKIMja HA CPEJHOTO YBO M HALUIE CYH-
KJIMHUYKA ONITETyBama IITO HE MOXKE Jia ce

with the middle ear effusion who cannot
perform pure tone audiogram, additional
measurement of OAE after tympanostomy
tube placement may exclude the cochlear
pathology (14-16). Georgalas, et al. report-
ed absent TEOAE in 69% of children with
type B tympanogram (17). In our study rate
of OAE expression in cases of type B tym-
panogram were lower in comparison to con-
trol group and group with type C tympano-
gram. Chi-square test showed statistically
significant difference between number of
accepted and rejected DPOAE in all points
per octave in three different groups. Fisher’s
exact test also showed statistically signifi-
cant difference between present and absent
OAE in cases of OME. In most frequencies
DPOAE were absent. To detect OME, both
tympanometry and TEOAE screening are
recommended. TEOAE screening is a use-
ful complement to tympanometry screen-
ing (18, 19). We analyzed the effect of mid-
dle ear effusion in children pre-surgically.
Application of TEOAE and DPOAE in fol-
low-up of surgical effects is a method of
choice for hearing screening. OME can be
monitored by OAE measurement pre-op-
eratively and post-operatively (20-24).
Investigating the influence of middle ear
on transient evoked otoacoustic emissions
(TEOAE), the authors concluded that two
factors in the middle ear are closely related
to the absence of TEOAE, the presence and
viscosity of effusion (25).

In our study the amplitude of DPOAE was
lower also in children with type C tym-
panogram. Negative middle-ear pressure
(<100 daPa) negatively impacts the abil-
ity to record a TEOAE and DPOAE (26-
29). In present study in children with nor-
mal hearing and type A tympanogram
3.8% of the points per octave were reject-
ed. Some authors investigated alteration of
OAE in children and young adults with a
previous history of middle-ear dysfunction
and found subclinical impairments that are
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JICTEKTUPAaT cO TOHAJHA JIMMUHAPHA ayJIHo-
metpuja (30-32).

3akny4ok

Excnpecujara na JIIIOAE e curanpukantHo
aekTHpaHa HEe caMO CO TPUCYCTBO Ha Ted-
HOCT BO CPETHOTO YBO, HO UCTO TaKa U BO CIIy-
YauTe Ha HETaTUBEH MPUTHCOK BO CPEJIHOTO
yBo 0e3 penykunuja Ha ciayxoT. JIIOAE 6Gea
OTCYTHU Kaj HajrojieM O0poj o1 (PpCKBEHITUUTE
Kaj ymuTe co Tiln B TMMnaHorpaMm u cpenHa-
ta BpenHocT Ha JITIOAE ammutynara Oerire
HajHUCKa, 0COOcHO Ha (pekBenmnujata 4000
Hz. Mako mparoT Ha ciiyxXoT Oellie HopMaJieH
Kaj ymmte co Turn C THMIaHOTpaM, CpeaHaTa
Bpennoct Ha JIITOAE ammurynara Gere mo-
HHUCKa BO criopeqi0a co KOHTPOJIHATA TpyIa.
JITOAE TectoT MOe J1a Oujie KOPHCEH JIujar-
HOCTHYKH METOJ BO MeHayupameTo Ha OME.
Huenara ekcrnipecuja, o mpeTXxoaHo OTCYCTBO
[IPU TIATOJIOIIKA [TPOMEHA Ha CPETHOTO YBO, Ke
yKaKe JIeKa HeMa KOCT3UCTEHTHa CEH30pHHe-
BpaJiHa peAyKIHja Ha CIIyXO0T, 0COOEHO Kaj Ma-
JUTE Jiella KO He copaboTyBaar 3a TOHAJIHA
JTUMHHApHA ayTHOMETpHja.

OepaHuqyeafba Ha
ucmpaxyeaH-emo

Excnpecujara na AIIOAE kaj nenara co OME
Oelre aHaIM3UPaHa CaMo BO MIPEONepaTuBHU-
OT MEPHOJ U HE € JOKyMEHTHpaHa oj1o0peHa-
ta nerekradbmwinocT Ha OAE.

KoHgbsiukm Ha uHmepecu

ABTOpHTE M3jaByBaar Acka HeMaaT KOH(IMKT
Ha UHTEPECH.
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