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Abstract

Objective: To analyze the literature on wideband immittance testing and to evaluate the success of these procedures in eval-
uating middle ear function in newborns.

Methods: A systematic literature review was conducted using as keywords: wideband, tympanometry, reflectance, absorb-
ance, immittance. Papers which did not address neonates were excluded from the review. From each article specific informa-
tion was extracted referring to the following: sample size, population characteristics, equipment, stimulus type, study evalu-
ation, and study conclusion.

Conclusions: This systematic review considers that wideband immittance is a promising way for evaluating middle ear func-
tion in neonates. It is necessary to establish regulatory standards for different age groups of neonates and infants.
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IMPEDANCIOMETRIA DE BANDA ANCHA EN NEONATOS: UNA REVISION
BIBLIOGRAFICA

Resumen

Objetivo: Revision bibliografica de los estudios cientificos relativos a la impedanciometria de banda ancha y evaluacion de la
eficacia de dicho método en el diagnostico de las funciones del oido medio en bebés.

Métodos e instrumentos de investigacion: Los temas principales de la presente revision de trabajos cientificos han sido: la
timpanometria de banda ancha, la reflectancia, la absorbancia, la immitancia. En ella, se han contemplado tan solo las publi-
caciones relativas a los neonatos, y en concreto los datos relativos a: el tamafio de la muestra, las caracteristicas de la pobla-
cion, las condiciones del equipo, el tipo del estimulo, la valoracion del estudio y de las conclusiones del mismo.

Conclusiones: La presente revision bibliografica ha demostrado que la impedanciometria de banda ancha constituye un mé-
todo prometedor en la evaluacion de las funciones del oido medio en neonatos. Es imprescindible elaborar estdndares nor-

malizados de prueba para neonatos y bebés de diferentes categorias de edad.

Palabras clave: bebés « oido medio « absorbancia « reflectancia « timpanometria de banda ancha

MIMPOKOIIOJIOCHAS UMIIEHAHCHAA AYOIMIOMETPUA Y
HOBOPOXIEHHDBIX: Ob30P INTEPATYPbI

N3noxenune

ITenb: AHanM3 MUTEPaTyphl IpefMeTa B 00IaCcT NCCTIeLOBAHNS IMPOKOIIONOCHON UMIIEAHCHOI ayAMIOMETPUN, @ TaK-
JKe orjeHKa 9(pPeKTMBHOCTI JAHHOTO METO/Ia B IUMATHOCTMKE (PYHKIIVI CPETHErO yXa Y HOBOPOXK/IEHHBIX.

HccrnemoBarenbcKye METOABI M MHCTPYMeHTbI: OCHOBHBIMY TeMaMI HaCTOSAIEro 0630pa IUTepaTypbl ObIIN: IIUPOKO-
[IO/IOCHAsI TUMIIAHOMETPYS, OTPAXKAOLIasi CIIOCOOHOCTD, SKCTUHKIMS (ITOITIOMIAOIAsI CTIOCOOHOCTD), UMMUTAHC. B Hero
ObUIV BKIIIOYEHBI TOIBKO MYOIMKALIVY O HOBOPOXK/IEHHBIX, Kacalolyecs pa3Mepa UCIbITaHN, XapaKTePUCTHUKY ITOIIY-
JIALMU, TEXHUYECKOII 6as3bl, TUIIA MMIIY/IbCA, OLIEHKI UCCIEOBAaHUA U BBIBOJOB, CICAYIOLINX 13 HETO.
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BeiBops1: Hactostiuit 0630p uTepaTypbl OKasasl, YTO MIMPOKOIIOIOCHAS MMITeaHCHAS ayANOMETPHA SB/ISIETCS MHO-
roo0eIaIM MeTOJOM OLleHKM QYHKIINIT CpeIHeTo yXa Y HOBOpOXAEHHbIX. Heo6XxonuMo pa3paboraTb HOpMaInsu-
POBaHHbBIE CTAH/IAPTHI MCCIEIOBAHMA JI/II HOBOPOKIAEHHBIX 1 I'PYSHBIX JleTell 3 Pa3sHBIX BO3PACTHBIX IPYIIIL.

KnroueBble cmoBa: TPyAHbIE OETU o CPEIHEE YXO o SKCTUMHKINA o OTpa’Karollasa CIIOCOOHOCTD o I POKOIIO/IOCHAA
TUMIIAHOMETPUA

SZEROKOPASMOWA AUDIOMETRIA IMPEDANCYJNA U NOWORODKOW:
PRZEGLAD LITERATURY

Streszczenie

Cel: Analiza literatury przedmiotu, dotyczacej badania szerokopasmowej audiometrii impedancyjnej, oraz ocena efektywno-
$ci tej metody w diagnostyce funkeji ucha srodkowego u noworodkow.

Metody i narzedzia badawcze: Tematami przewodnimi niniejszego przegladu literatury byly: tympanometria szerokopasmo-
wa, reflektancja, absorbancja, immitancja. Wlaczono do niego tylko dane z publikacji o noworodkach, dotyczace: wielkosci
proby, charakterystyki populacji, warunkéw sprzetowych, typu bodzca, oceny badan i wnioskéw z niego ptynacych.

Whioski: Niniejszy przeglad literatury pokazal, iz szerokopasmowa audiometria impedancyjna jest obiecujaca metoda oceny
funkeji ucha $rodkowego u noworodkéw. Niezbedne jest wypracowanie znormalizowanych standardéw badania dla nowo-

rodkéw i niemowlat z réznych grup wiekowych.

Slowa kluczowe: niemowleta « ucho $rodkowe o absorbancja e reflektancja « tympanometria szerokopasmowa

Introduction

A basic prerequisite for the proper development of lan-
guage is the integrity of the auditory system [1], and so
there is a strong correlation between auditory and language
skills. This interdependence between hearing and language
means it is important to have an effective diagnostic pro-
gram and to intervene early when hearing loss is detect-
ed. Newborn hearing screening is therefore crucial [1,2].

In general, newborn hearing screening protocols are a
combination of electroacoustic and electrophysiological
procedures. In newborns without risk indicators for hear-
ing loss, the option is usually to carry out transient otoa-
coustic emission (TEOAE) testing, while in neonates with
risk indicators for hearing loss the usual choice is an auto-
mated auditory brainstem response (AABR) test [3,4]. Ne-
onatal hearing screening is usually performed in two steps,
a test and a retest, which aims to reduce possible technical
problems and excessive ‘refer’ outcomes [5].

Outcomes in neonatal hearing screening programs will al-
ways include some false positives (i.e. normal hearing in-
fants evaluated as hearing impaired). The majority of these
cases involve conditions which impair the function of the
middle ear, observed as an impedance anomaly [5,6]. In
neonates, the space occupied by the mastoid and the mid-
dle ear is smaller, the tympanic membrane is thinner and
more horizontal, and the external auditory canal is less rig-
id (with the likelihood of it collapsing more easily) [7,8].
Due to the possible presence of amniotic fluid in the mid-
dle ear or in the external auditory canal, temporary altera-
tions of hearing are often observed [8,9]. These alterations
increase the mass, stiffness, and resistance of the eardrum-
ossicular system and consequently alter middle ear imped-
ance and the efficiency of sound conduction.

20

One way to assess middle ear status and functionality is by
impedance tympanometry. When tympanometry is per-
formed in newborns, the standard 226 Hz probe tone be-
comes a less sensitive test for identifying middle ear dis-
orders [3,10]. It is possible to overcome the limitations of
the 226 Hz tone by performing tympanometry with a 1
kHz probe. This procedure, which has been recommend-
ed for infants younger than 4 months by the American
Academy of Pediatrics Joint Committee on Infant Hear-
ing [3], is considered more sensitive in identifying middle
ear disorders [7,11,12]. Nevertheless, several studies have
questioned the real effectiveness of 1 kHz tympanometry
in infants [13], so at present there is no consensus on a
gold standard for infant middle ear diagnosis.

Middle ear wideband tympanometry immittance (WBT)
has been developed as a potentially more accurate proce-
dure for identifying middle ear disorders. It offers infor-
mation on the functional status of the middle ear at test
frequencies from 226 to 8000 Hz [14-17]. Specific terms
are used in WBT to describe the reflectance or absorbance
of the acoustic stimuli: acoustic reflectance is the stimulus
power reflected by the tympanic membrane, while acous-
tic absorbance is the amount of energy absorbed by the
middle ear [18,19]. Both measures are frequency-depend-
ent. WBT has the potential to offer a better description of
middle ear function, perhaps becoming the missing gold
standard in the diagnosis of middle ear disorders.

Neonatal hearing screening is a key step in the audiolog-
ical diagnosis of infants [1]. The use of reliable tests with
reproducible results is extremely important. Evaluation by
WBT seems to have an important role in hearing screen-
ing, and can provide accurate information about the func-
tioning of the middle ear. The objective of this study was
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Full-text articles
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Figure 1. Flowchart of the article selection process

to evaluate information on WBT in the literature and as-
sess how well the technique can be applied in the clin-
ic to newborns.

Methods

1. Articles published within the last 10 years (2006-16).
This specific time-frame was used because WBT tech-
nology was only introduced 10 years ago.

2. Original articles.

3. Articles based on samples of healthy babies, neonatal In-
tensive care unit (NICU) infants, or infants in general.

Exclusion criteria consisted of: 1) experiments on animals;
2) adult studies; 3) case studies; 4) literature review or ed-
itorials; 5) articles not published in English.

From each article, specific information was extracted on:
sample size; population characteristics; equipment; stim-

ulus type; study evaluation; and study conclusion.

Results

Searches of the electronic databases resulted in 299 stud-
ies. Excluded items occurred in three types: (a) duplicates,
summaries including experimental animal or adults stud-
ies, unpublished articles in English or Portuguese and case
study format or literature review (n=128); (b) after reading
title and abstract (n=52); and (c) complete reading the ar-
ticle (n=9). After this process, 9 articles were included for
this review. A chart of the article selection process is shown
in Figure 1. Table 1 (data on absorbance) and Table 2 (data
on reflectance) show the data collected for each category.

Discussion

This study was a systematic literature review on articles
published in journals indexed in the following databas-
es: US National Library of Medicine, National Institutes
of Health (PubMed); Scientific Electronic Library Online
(Scielo); Latin American and Caribbean Health Sciences
(Lilacs); Elsevier’s search engine tool (Scopus); and the ISI
Web of Science. The descriptors were restricted to Eng-
lish, according to the following medical subject headlings
(MeSH): wideband, tympanometry, reflectance, absorb-
ance, and immittance. The study was conducted indepen-
dently by the two authors and any disagreements were re-
solved through discussion. For the selection of suitable
studies the following inclusion criteria were used.

Table 1. Description of absorbance related studies

Since changes in middle ear function affect the conduction
of sound to other parts of the auditory system, accurate-
ly evaluating the state of the middle ear is important for
making reliable audiological diagnoses in neonates. Meas-
uring immittance can be done using a number of proce-
dures, including reflectance, absorbance, tympanometry,
and the acoustic reflex.

In this systematic review, six studies assessed absorbance
in neonates [13,20-24] using the Titan equipment (Intera-
coustics, Denmark). The remaining three [20-22] evaluat-
ed the reflectance in newborns through the MEPA equip-
ment from Mimosa Acoustics.

Sample

Stimulus

Article  No. Sample characterization Equipment type Evaluation Conclusion

Sanford 1 455 infant Reflwin Click DPOAE Results showed that: 1) WB tests

etal, ears computerized UNHS had better performance in classifying

2009 system and UNHS DPOAE outcomes than
controller 1-kHz tympanometry; 2) WB tests
system provide data suggesting that many
contained UNHS referrals are a consequence
in acoustic of transient conditions affecting
immittance the sound-conduction pathway; 3)
instrument WB data reveal changes in sound
(AT 235) conduction during the first 2 days of

life; 4) WB measurements used in
the present study are objective and
quick, making these tests feasible
for potential use in conjunction with
UNHS programs

21
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Table 1 continued. Description of absorbance related studies

Sample

Stimulus

Article  No. Sample characterization Equipment type Evaluation Conclusion
Aithal 2 66 infants mean age= Reflwin Click HFT The normative reflectance data in
etal, 46.0 h computerized acoustic  the present study were in agreement
2013 (SD 21.0; system and stapedial  with, but marginally smaller than,
range controller reflex those of previous normative studies,
13.3-116.5h)  system TEOAE except for the study of Keefe et al.
contained PDOAE (2000). Whereas the use of a test
in acoustic battery approach to ensure normal
immittance middle ear function in neonates
instrument has resulted in slightly reduced
(AT 235) reflectance across most frequencies
(compared to studies that have used
only otoacoustic emissions), further
research is needed to accurately
determine the middle ear status of
neonates using test performance
measures
Aithal 3 35 newborns Reflwin Click HFT Developmental effects of WBA were
etal, (35 ears) computerized DPOAE evident for infants during the first 6
2014 16 infants aged system and mo of life. The WBA data can be used
1 mo (29 ears) controller as a reference for detecting disorders
16 infants aged system in sound-conductive pathways (outer
2 mo (29 ears) contained and middle ear) in young infants.
15 infants aged in acoustic Further development of age-specific
4 mo (28 ears) immittance normative WBA data in young infants
14 infants aged instrument is warranted
6 mo (27 ears) (AT 235)
Aithal 4 59 ears: 32 AN: mean Reflwin Click HFT This study provided convincing
et al, Aboriginal 51.9 h (SD computerized DPOAE evidence that Aboriginal neonates
2014 neonates (AN);  18.2; range system and had significantly lower WBA values
281 ears: 158 22-86 h) controller than their Caucasian counterparts,
Caucasian CN: mean system although both groups had equal
neonates (CN)  42.4 h (SD contained pass rates (as determined by the
23 h; range in acoustic test battery). Although the two
8.1-152 h) immittance ethnic groups showed significant
instrument differences in WBA, the factors
(AT 235) contributing to such differences
remain undetermined. Further
research is warranted to determine
the factors that might account for the
difference in WBA between the two
ethnic groups
Aithal 5 192 healthy 43.7h (SD Reflwin Click TEOAE, The test performance of WBA against
etal, neonates 21.3, range computerized DPOAE, test battery reference standards was
2015 (108 males) 8.3-152.2h) system and HFT superior to that against single test
Mean controller AABR reference standards.
gestational system Valid test of conductive conditions,
age of contained WBA can be used in both screening
neonates 39.2  in acoustic and diagnostic evaluations in
weeks (SD 1.2; immittance neonates.
range 36-42 instrument
weeks) (AT 235)
Mean birth
weight
3476.9 g (SD
460.9; range
2290-5000 g)
Hunter 6 182 infants Titan Click NHS Separate normative references are
etal, who passed TEOAE recommended for clinical application
2015 hearing AABR for birth, 1 month, and 6-15 months.
screening (54% These normative data are expected
males) to be useful in comparisons with
similar measurements in infant
ears with confirmed conductive and
sensorineural hearing loss.
22 © Journal of Hearing Science® - 2016 Vol. 6 - No. 4
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Table 2. Description of reflectance related studies

Stimulus

Article  No. Sample Sample characterization Equipment type Evaluation Conclusion
Hunter 7 UUH =262  Age (hours) MEPA Chirp DPOAE, Referrals in OAE-based infant
et al, babies UUH -3 1096 (mean  Mimosa Tone tympanometry hearing screening were
2010 142 males 26, SD 13.9) Acoustics strongly associated with
UWWC-62 3311 g (SD 434) increased WB reflectance.
babies UWMC - 19 to 102 Reflectance improved over
31 males (mean 40.6, SD 16.9) the first 4 days after birth
3227 g (SD 541) with normalization of middle-
ear function. Newborns
with normal reflectance and
a refer result for the OAE
screen should be referred
immediately to an audiologist
for diagnostic testing with
threshold ABR due to higher
risk for permanent hearing
loss.
Silva 8 77 infants  Age 27-78 h (mean MEPA — TEOAE, Normal energy reflectance
etal, (37 girlsand 56.5h, SD 11.6 h) version 3.3 tympanometry values were obtained for the
2013 40 boys) Mimosa (226 and 1000  studied population. The data
Acoustics Hz), acoustic indicate a reflectance curve
reflectance with a distinct configuration
for the studied population.
Santos 9 31 infant Age 10 days to 5 MEPA — version Chirp HFT A typical behavior of the
et al, ears months 5.0 Mimosa Tone TEOAE measures, characterized
2015 Acoustics by a higher reflectance at

low frequencies and higher
absorbance at medium
frequencies was observed in
the population studied.

Measurement of absorbance involves ascertaining the
amount of energy that enters the ear canal, passes through
the tympanic membrane, and reaches the middle ear. In
contrast, reflectance is a measure of the amount of power
that is reflected by the tympanic membrane. Both meas-
ures need to be standardized for a newborn population.
The bones and cartilage making up the ear canal of ne-
onates is less rigid than in adults. The result is that high
frequency acoustic measurements are less affected by the
ear canal and better acoustic reflectance and mechanical
tympanic membrane and the middle ear [23,24].

Studies on absorbance show great variability in the col-
lected data. Only three studies described the sample being
studied in detail. One study evaluated 192 neonates (av-
erage age 43.7 h, mean gestational age 39.2 weeks, mean
birth weight 3476.9 g) [24]. In another study 66 infants,
mean age 46 h, were examined [25]. A third study eval-
uated 32 Aboriginal neonates (mean age 51.9 h) and 158
Caucasian neonates (mean age 42.4 h) [26]. The other re-
ported studies used sample sizes ranging from 35 to 455
newborn infants’ ears. The difference in the presentation
of data makes it difficult to compare results, since wide-
band immittance is affected by the age of the neonate.
Again, assessments made close to the time of birth can
be influenced by the presence of fluid in the external au-
ditory meatus [23,27].

Significant modifications in wideband absorbance occur
during the first 6 months of life because of changes in the
external and middle ear. In the first month of life, imma-
turity means lower absorbance at low frequencies and a

significant increase at high frequencies. After this period,
the values seem be equivalent to the responses of adults.
Another commonly observed feature is the presence of mul-
tiple peaks around 0-2 months, while around 4-6 months
a single peak is found. Given these differences it is essen-
tial that normative studies are developed for different age
groups, especially for infants of 0-6 months. A related meas-
ure that should be considered is gestational age [23,27].

Studies of wideband reflectance have observed that in neo-
nates there is high reflectance at low frequencies and low-
er values at 6000 Hz. In contrast, in the adult population
there is a low reflectance at 4000 Hz and an increase at
6000 Hz, a difference which can be explained by size of
the ear canal [20-22].

The studies selected here were confined to articles that
only used wideband stimuli to assess the middle ear. Stud-
ies of reflectance used a chirp or a pure tone, while studies
evaluating absorbance used a click. There are no studies
in the literature comparing the difference between chirps
and clicks. It has been found, however, that in noisy envi-
ronments results with pure tones are better [20].

Conclusions

This systematic review observed that wideband immittance
is a promising way for evaluating middle ear function in
neonates. WBT should be included in newborn hearing
screening as it is a fast and objective procedure. This pa-
per highlights the need to establish regulatory standards
for different age groups of neonates and infants.
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