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Abstract

Background: The World Health Organization (WHO) reported in 2013 that approximately 360 million people have disabling
hearing loss, of which 32 million are children. A major consequence of hearing loss is a disability in communication: develop-
ment of spoken language is often delayed in children with hearing loss, or absent in total deafness. Such children can benefit
from a range of interventions such as hearing aids, cochlear implants, and educational and social support. Hearing screening
can prevent the most severe consequences of hearing loss, but it is preferable first to consider populations with a high proba-
bility of developing hearing impairment. The present study assessed the incidence of hearing impairment through ABR in in-
fants at high risk at Casa Sollievo della Sofferenza Hospital in southern Italy.

Material and methods: The paper reports the results of auditory brain stem response (ABR) testing over a period of 3 years on
infants born with a history of infantile respiratory distress syndrome (IRDS), otoacoustic emission failure at hearing screen-
ing, low birth-weight (<1800 g), family history of deafness, hyperbiluribinemia, premature birth, congenital infection (cyto-
megalovirus), or craniofacial anomalies.

Results: Of 549 infants tested, 469 (85.4%) showed normal hearing, 51 (9.3%) suffered mild hearing impairment, 6 (1.1%)
had moderate hearing impairment, 8 (1.5%) had severe hearing loss, and 15 (2.7%) failed to show any response at maximum
intensity levels in both ears. For the hearing loss categories, the most important risk factors were found to be (in order of im-
portance): craniofacial malformation, CMV infection, and familial factors.

Conclusions: ABR is an important clinical tool in the identification and quantification of hearing impairment. In neonatal
screening it is preferable first to consider populations with a high probability of developing hearing losses.
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POTENCIALES AUDITIVOS EVOCADOS DEL TRONCO CEREBRAL EN LOS RECIEN
NACIDOS DEL GRUPO DE ALTO RIESGO: ANALISIS EN BASE DEL ESTUDIO
DE 3 ANOS REALIZADO EN EL HOSPITAL EN ITALIA

Resumen

Antecedentes: Segtin los datos de la Organizaciéon Mundial de Salud (WHO) del afio 2013, unos 360 millones de personas su-
fre de pérdidas auditivas, de las cuales 32 millones son nifios. La principal consecuencia de la pérdida auditiva son los proble-
mas de comunicacion: se observa el retraso en el desarrollo del habla en los nifos con pérdida auditiva, o la falta del habla en
los nifios con sordera total. Estos nifios pueden beneficiarse de diversas formas de apoyo, tales como audifonos, implantes co-
cleares, soportes cientificos y apoyo social. Las pruebas de cribado del oido tienen el propoésito de evitar consecuencias graves
relacionadas con la pérdida auditiva. En el primer lugar se recomienda, sin embargo, determinar los grupos con el mayor ries-
go de trastornos auditivos. El objetivo de este estudio ha sido la valoracién de la presencia de trastornos auditivos mediante el
registro de los potenciales auditivos evocados (ABR) en los recién nacidos del grupo de alto riesgo, ingresados en el Hospital
Casa Sollievo della Sofferenza en la Italia del Sur.

Materiales y métodos: El estudio presenta los resultados de registros de los potenciales auditivos evocados obtenidos a lo lar-
go de 3 afios en los recién nacidos con el sindrome de dificultad respiratoria (IRDS), el resultado incorrecto de las pruebas del
cribado a través del registro de las emisiones otoactsticas (OAE), bajo peso de nacimiento (<1800 g), hiperbilirubinemia, in-
fecciones congénitas (citomegalovirus - CMV), deformidades crdneo-faciales, asi como en los bebés prematuros y en los ca-
sos de aparicion de la sordera en la familia.

Resultados: De los 549 recién nacidos examinados, en los 469 (85,4%) se ha constatado una capacidad auditiva correcta, los
51 (9,3%) tenian una pérdida auditiva leve, en otros 6 nifos (1,1%) se ha constatado la pérdida auditiva media y en otros 8

© Journal of Hearing Science® - 2014 Vol. 4 - No. 2 17




Original articles ¢ 17-23

(1,5%) - una pérdida auditiva considerable; en 15 nifios (2,7%) no se ha registrado la respuesta ABR en ambos oidos. Para las
susodichas categorias de las pérdidas auditivas, los mayores factores de riesgo (en orden empezando por el mas popular), han
sido: deformidades craneo-faciales, infeccién con el virus CMV y los condicionantes genéticos.

Conclusiones: El estudio de los potenciales auditivos evocados del tronco encefalico es una herramienta clinica importante en
la deteccion y determinacion del grado de la pérdida auditiva. Durante la realizacion de las pruebas auditivas de cribado en los
recién nacidos, en primer lugar se recomienda definir el grupo de personas con el mayor riesgo de tener deficiencias auditivas.

Palabras clave: estudio de respuestas auditivas del tronco encefalico (ARB) « emision otoactstica (OAE) « unidad de cuidados
intensivos para los recién nacidos (NICU) e pérdida auditiva.

CIIYXOBDIE BBI3BAHHBIE CTBO/IOMO3I'OBbBIE IIOTEHIIVAJIbI
Y HOBOPOKIEHHDBIX V3 I'PYIITIIBI BBICOKOI'O PMICKA:
AHAJII3 HA OCHOBAHMNMN 3-TETHEI'O NCCIIENOBAHMNMA,
IPOBEJEHHOTO B UTAJTbAHCKOV BOJIbHUIIE

W3noxxenue

IlouBa: [Tanuble Bcemuproit Opranusanyu 3ppaBooxpanenns (BO3) ¢ 2013 r. mokaspIBalOT, YTO MouTy 360 Muu-
OHOB JIIOfIeV MMEIOT HapylIeHMs CIyXa, B TOM 4uc/ie 32 MWIIKOHA JieTell. [JTaBHpIM MOC/IeACTBIEM TYTOyXOCTHU SABJIA-
I0TCs1 IPOO/IeMbl B KOMMYHMKALIUI: HAbIIONaeTCs 3aMefi/IeHHOe PasBUTIE PA3TOBOPHOIL pedn Y feTell C TYTOyXOCTbIo,
WIN ee OTCYTCTBHUE B C/Iy4ae IIOTHOI IIyXOTbl. DTU AeTH MOTYT IIOTb30BAThCsl Pa3HBIMU IOfeP>KMBAOIIMMU hOpMa-
MM, HaIIpuMep, CIyXOBble aIllapaThl, YJIMTKOBbIE MMIIAHTAThI, HayYHble II0COOMA M 0O0IecTBeHHas Iofepkka. Lle-
JIbI0 CKPMHVHTOBBIX MICCTIENOBAHNII C/TyXa ABAETCA MPeJoTBpallieHNie Cepbe3HbIX IOCIeCTBI, CBA3aHHBIX C TYTOYXO0-
cTbi0. OTHAKO PeKOMEHAIyeTCs B IIEPBYIO OdYepefib OOHaApY>KeHe TOMY/IALNIL, OCOOEHHO IOABEP>KEHHBIX HAPYIIEHUAM
ciyxa. Llepio HaCTOAIIETO MCC/IeNOBAHMA OblIa OLIeHKA Ha/IM4INMA HapyLIeHNUII CIIyXa C IOMOIIBIO PETUCTPALIMM CITYXO-
BBIX BbI3BaHHBIX IIOTeHIMan0B (ABR) y HOBOPO>X/I€eHHBIX 13 TPYIIIIBI BLICOKOTO PUCKa, IpeObIBaomyx B 6onbanie Casa
Sollievo della Sofferenza Ha rore Vranumn.

Marepuaisl ¥ MeTOfbI: PaboTa IIpeficTaB/seT pe3y/IbTaThl PETMCTPALIMY CTyXOBbIX BbI3BAaHHBIX ITOTEHIVIA/IOB Ha IPOTS-
>KEHUU 3 JIeT Y HOBOPOXK/IEHHBIX C PeCIIMPAaTOPHBIM AUCTpecc-cuHApoMoM (IRDS), HenmpaBMIBLHBIM Pe3yIbTaTOM CKPI-
HUHTOBOT'O MCC/IEOBAHMs C IIOMOIIBIO perucrpauyu oroakycrnyeckoit amuccun (OAE), Huskoit maccoit Tena (<1800 r),
ruepOounnpyouHeMuest, BpoxaeHHbIMI nHbeKIsaMy (uyurTomeranoBupyc — LIMB), yepenHo-nuieBbiMu fedopmariu-
AMU, y IPEX/IEBPEMEHHO POKIEHHBIX JIeTell U B CTy4YasX HaTM4MA ITyXOThl B CEMbE.

Pesynprarer: Cpenyt 549 mccnefoBaHHBIX HOBOPOX/ICHHBIX, Y 469 (85,4%) oOHapy»eHa HOPMabHBI C1yX, 51 99,3%)
MMeJIM JIETKYIO TYrOyXocCTh, y 6 (1,1%) oOHapy>keHa TYroyXocThb cpepHeit, a y 8 (1,5%) 3sHauMTeNbHO CTENeHN, TOTa
Kak y 15 (2,7%) He 3aperucTpupoBaH AByXCTOPOHHMIT oTBeT ABR. JI/1s1 MepeuncieHHbIX KaTerOpuil TYTOyXOCTH, CAMBI-
MM BOXHBIMM YIpOXKAOIMMHU GakTopaMy (B HOPALKe OT CAMOTO YaCTOT0) OBUIN: YepelHO-/IuIieBble fedopMaLny, 3a-
paxxenne IIMB n reHeTrdyecKas 06yC/IOBI€HHOCTD.

WUtorm: MCCHCI[OBaHI/Ie CJIYXOBbIX BbI3BAaHHbBIX CTBOJIOMO3TOBBIX IIOTE€HIM1A/IOB — 3TO BaKHBIN KIVMHUYECKUN MHCTPYMEHT
A O6Hapy)KeHI/IH I OIIPENENIEHNA CTETIEHN TYTOYXOCTU. Bo BpeMA IIPOBENECHNA CKPYHMHIOBBIX I/ICCIIe,‘E[OBaHI/H‘/‘I Y HOBOPO-
JKIEHHDBIX, PEKOMEHAYETCA B IIEPBYIO OYEPEND ONIPENEINTD IPYIIIIbI neTeﬁ[, 0CO6EHHO IIOABEP>KEHHDIX HAPYIIEHNAM CTyXa.

KnioueBble cnoBa: CIyXOBble BbI3BaHHbIE CTBOIOMO3roBbIe IoTeHIManbl (ABR) o oroakyctuyeckast amuccust (OAE) o
OTZe/IeHNe MHTEHCUBHOI Tepanuyu Ay HoBopoxeHHbIX (NICU) o Tyroyxocrtpb

SEUCHOWE POTENCJALY WYWOLANE PNIA MOZGU U NOWORODKOW
Z GRUPY WYSOKIEGO RYZYKA: ANALIZA NA PODSTAWIE 3-LETNIEGO BADANIA
PRZEPROWADZONEGO WE WLOSKIM SZPITALU

Streszczenie

Tto: Dane Swiatowej Organizacji Zdrowia (WHO) z 2013 r. wskazuja, Ze blisko 360 milionéw ludzi posiada wady stuchu, z cze-
go 32 miliony to dzieci. GIéwna konsekwencja niedostuchu sg problemy w komunikacji: obserwuje si¢ opdzniony rozwdj jezy-
ka méwionego u dzieci z niedostuchem, lub jego brak w przypadku catkowitej gluchoty. Dzieci takie moga korzysta¢ z réznych
form wspomagajacych, np. aparaty stuchowe, implanty §limakowe, pomoce naukowe i wsparcie spoleczne. Badania przesiewowe
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stuchu maja zadanie zapobiec powaznym konsekwencjom zwigzanym z niedostuchem. W pierwszej kolejnosci zalecane jest jed-
nak wylonienie populacji szczegélnie zagrozonych zaburzeniami stuchu. Celem niniejszego badania byta ocena wystepowania
zaburzen stuchu za pomoca rejestracji stuchowych potencjatéw wywolanych (ABR) u noworodkéw w grupie wysokiego ryzy-
ka, przebywajacych w szpitalu Casa Sollievo della Sofferenza w potudniowych Wtoszech.

Material i metody: Praca przedstawia wyniki rejestracji stuchowych potencjaléw wywotanych uzyskane w okresie 3 lat u nie-
mowlakéw z zespolem zaburzen oddychania (IRDS), nieprawidtowym wynikiem badania przesiewowego za pomoca rejestracji
emisji otoakustycznych (OAE), niskg masa urodzeniows (<1800 g), hiperbilirubinemia, infekcjami wrodzonymi (cytomegalowirus
- CMV), deformacjami czaszkowo-twarzowymi, a takze u wcze$niakow oraz w przypadkach wystepowania gluchoty w rodzinie.

Wyniki: Sposrod 549 badanych noworodkéw, u 469 (85,4%) stwierdzono normalny stuch, 51 99,3%) mialo lekki niedostuch,
u 6 (1,1%) stwierdzono niedostuch $redniego, a u 8 (1,5%) - znacznego stopnia, natomiast u 15 (2,7%) obustronnie nie zareje-
strowano odpowiedzi ABR. Dla wymienionych kategorii niedostuchu, najwazniejszymi czynnikami zagrazajacymi (w kolejno-
$ci od najczestszego) okazaly si¢: deformacje czaszkowo-twarzowe, zakazenie CMV oraz uwarunkowania genetyczne.

Whioski: Banie stuchowych potencjatéw wywotanych pnia mézgu jest waznym narzedziem klinicznym w wykrywaniu oraz
okre$laniu stopnia niedostuchu. Podczas prowadzenia badan przesiewowych u noworodkéw, w pierwszej kolejnosci zaleca si¢

okreslenie grupy osob szczegdlnie narazonych na wystapienie wad stuchu.

Stowa kluczowe: stuchowe potencjaly wywolane pnia mézgu (ABR) « emisja otoakustyczna (OAE) « oddzial intensywnej te-

rapii dla noworodkéw (NICU) e niedostuch

Background

The most frequent sensorial congenital defect in new-
borns is neonatal hearing loss. WHO considers neonatal
hearing loss (HL) to be a serious public health problem
requiring urgent attention [1-10]. It is estimated that ap-
proximately 80% of all sensorineural hearing losses (SN-
HLs) may be present at or soon after birth [2]. WHO re-
ported in 2013 that approximately 360 million people have
disabling hearing loss of which 32 million are children.
The prevalence of hearing loss in developed countries is
1-2/1000 births [2].

A large number of studies among Italian newborns [3]
show a highly variable prevalence ranging from 0.8 to 2.1
per 1000. Considering the small number of newborns un-
dergoing neonatal hearing screening, which currently cov-
ers approximately 29.3% of babies born in Italy, the preva-
lence of hearing loss cannot be estimated correctly. Studies
in neonates in neonatal intensive care units (NICUs) report
estimates as high as 4% of the total neonatal population
[4,5]. The importance of early detection and rehabilitation
of infants with hearing impairment cannot be overstated.
Unfortunately, the average time between birth and the de-
tection of congenital SNHL can be as long as 30 months.

Risk factors for the development of hearing loss were es-
tablished in 2007 by the Joint Committee on Infant Hear-
ing (JCIH) [6]. These include: family history, craniofacial
anomalies, in utero infections, severe hyperbilirubinemia,
NICU admission for 2 days, respiratory distress, prolonged
mechanical ventilation, and syndromes associated with
hearing loss.

When screening neonatal hearing, it is best to first con-
sider populations who have a higher probability of devel-
oping a hearing impairment. The risk-factor criteria pro-
posed by the JCIH [7,8] are very useful for identifying
this category of subjects. Moreover, hearing loss in its un-
detected mild and moderate forms can also compromise
speech abilities [9]. Today, early detection of permanent

infant hearing impairment is important, since appropri-
ate procedures involving hearing aids and rehabilitation
can be taken to ensure better language development and
cognitive function [10,11].

Young patients with syndromic hearing losses or multiple
handicaps can benefit from a range of interventions such
as cochlear implants, hearing aids, sign language training,
and educational and social support [12]. Data in the liter-
ature suggest that large numbers of children with hearing
loss, who need help and counselling, reside in develop-
ing countries where there is an alarming paucity of ENT
specialists, audiologists, and speech therapy services [13].

A major responsibility therefore rests with the local audi-
ologist or clinical medical officer to diagnose hearing loss,
to counsel parents and teachers, and to provide rehabil-
itation [14]. In developed countries, children with hear-
ing loss and deafness often miss out on normal schooling.
Improving access to education and speech rehabilitation
services, and raising awareness of hearing handicaps, es-
pecially among employers, would tend to reduce unneces-
sarily high unemployment rates among hearing impaired
adults. Early detection and intervention are the most im-
portant ways of minimising the impact of hearing loss on
a child’s development and education. ABR is considered
the most sensitive method of assessing the hearing func-
tion of neonates [15], and is an important clinical tool in
identifying and quantifying hearing impairment. It is ob-
jective, non-invasive, and unaffected by sleep or drugs.

Unfortunately, it has been reported that about 50% of
the infantile cases identified as having a hearing impair-
ment do not show any of the JCIH factors [7,8]. There-
fore, a screening program using only otoacoustic emissions
(OAEs) could potentially miss an important percentage of
cases presenting retrocochlear hearing complications, i.e.
auditory neuropathy [16-18].

The aim of this study was to investigate the incidence
of neonatal deafness in the neonatal intensive care unit
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(NICU) of the Casa Sollievo della Sofferenza Hospital, a
major hospital in southern Italy, and assess the risk cate-
gories of hearing loss.

Material and methods

A total of 549 infants (285 male, 264 female) from the
NICU were tested between September 2010 and Septem-
ber 2013. For each infant, the following information was
collected: gestational age, family history of hearing loss, as-
phyxia, respiratory distress syndrome (RDS), craniofacial
malformation, otoacoustic emission outcome, and neona-
tal jaundice. The infants were tested during natural sleep.

An otoscopic examination and tympanometry were per-
formed prior to testing in order to exclude middle and
retrocochlear hearing loss involvement.

Each ear was assessed separately by an ABR using the Epic
equipment (Labat, SRL, Italy). Electrodes were placed on the
vertex (Cz, positive electrode), both mastoids, and on the
forehead (ground). Responses were filtered with a band pass
of 100 to 2500 Hz. The analysis window was 10 ms. Stimuli
consisted of 100 ms alternating clicks presented monaurally
at 31/s. An average of at least 1000 individual click presen-
tations was collected for each test stimulus level. The clicks
were presented to the infant ear via TDH 39 earphones.

A response was considered normal when a clear and re-
producible wave V was detected at an intensity of 20 dB
nHL. In the case of a lack of response at 70dB nHL, the
stimuli were increased to a maximum level of 90 dB nHL.

Infants who failed the first test (unilateral cases included)
were retested after 1-2 months. Considerable effort was
made to retest all high-risk infants at 3-4 months of age.
Infants were identified as having a hearing impairment af-
ter two consecutive ‘refer’ ABR sessions. Subsequent hear-
ing aid evaluation, medical treatment, and enrollment in
a speech therapy program were recommended.

For infants who presented with normal hearing at birth
the protocol suggested a periodic hearing control (every
6 months), if possible, until the sixth year of age.

A medical summary was compiled for each child, includ-

ing the age of hearing impairment diagnosis, the level of

hearing loss, and information on the following risk factors:

1. Infantile respiratory distress syndrome (IRDS).

2. Otoacoustic emissions outcome at hearing screening
testing.

3. Low birth weight (<1800 g).

4. Family history of deafness.

5. High level of bilirubin.

6. Premature birth.

7.Congenital infection (cytomegalovirus).

8. Craniofacial malformation.

Degree and configuration of hearing loss
The grade of hearing loss was quantified for each ear as

an indication of the severity of hearing impairment, ac-
cording to the Table 1.

Table 1. Grading of hearing loss

Grade Level in dB nHL
Normal Threshold up to 30 dB and below
Mild Threshold between 30 to 60 dB
Moderate Threshold between 60 to 70 dB
Severe Threshold between 70 to 90 dB
Profound Threshold above 90 dB
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Figure 1. Risk factor distribution of the infants in the
tested population

Statistical analysis

The hearing level values were statistically described in
terms of the mean, minimum and maximum values, stand-
ard deviations, and percent using SPSS 16.0 statistical

software.

Results

Clinical characteristics of the studied population

The population sample consisted of 285 males (51.9%)
and 264 females (48.1%). Of the 549 infants tested, 362
(65.9%) were born pre-term (<37 weeks), the most prom-
inent risk factor. In addition, 48 (8.7%) presented infantile
respiratory distress syndrome (IRDS) at birth, 38 (6.9%)
did not pass OAE screening, 24 (4.4%) presented a low
birth-weight (<1800 g), 18 (3.3%) had a family history
of deafness, 16 (2.9%) presented a high level of bilirubin
(neonatal jaundice), 18 (3.3%) had cytomegalovirus in-
fection (congenital infection), and 25 (4.6%) presented
craniofacial malformation at birth. These data are sum-
marised in Figure 1.

Of the 362 infants born premature, the average gesta-
tional age was 33 weeks (median 34 weeks, range 23-38
weeks). Figure 2 shows the distribution of the gestational
ages among the premature infants.

Of the 549 infants tested, 469 (85.4%) showed normal hear-
ing, 51 (9.3%) suffered mild hearing impairment, 6 (1.1%)
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Figure 2. Distribution of gestational age
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Figure 3. Distribution of hearing loss in the tested popu-
lation. Error bars 95% Cl
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presented moderate hearing impairment, 8 (1.5%) present-
ed severe hearing loss and 15 (2.7%) didn’t show any re-
sponse at maximum intensity levels in either ear. The data
are summarised in Figure 3.

The distribution of the ages at which the 80 infants were
identified as having a hearing impairment is shown in
Figure 4. The data shows that 92.7% of the subjects were
identified <12 months of age, 4,9% between 13 and 18
months, and the remaining 2,4% at a time more than 18
months. Data beyond the 18-month identification age de-
rive from 2 infants whose families were not residents of
the San Giovanni Rotondo area. In this context, it is quite
probable that in the future infants from non-resident fam-
ilies will not be tested and clinically evaluated.

For the hearing loss categories the most important risk
factors were found to be (in order of importance): crani-
ofacial malformation, CMV infection, and family factors.
The data are summarised in Figure 5.

Figure 6 shows the ABR threshold of the premature new-
borns according to their gestational age at birth. Risk of
hearing loss increases dramatically when the gestational
age is less than 30 weeks.

Figure 4. Age in months of the 80 infants

Count

2 3 4 5 6 7 8 9 101 12 14 16
Age

© Journal of Hearing Science® - 2014 Vol. 4 - No. 2

from the tested NICU popula-
tion when they were identified
as having a hearing impairment

18 24 36
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Figure 5. Risk factors in each hearing level
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Figure 6. ABR threshold distribution in the premature
birth category according to gestational age (in
weeks). Error bars show +1 SE

In 84.2% of the cases with OAEs absent, the ABR was
found normal. For the 15.8% of cases with OAEs absent,
the ABR confirmed the presence of hearing loss, main-
ly as a mild hearing impairment. The data are summa-
rised in Figure 7.

Discussion

We have demonstrated how the incidence of hearing loss
(HL) increases in a high-risk newborn population and
how ABR testing is a necessary technique, in addition to
the traditional NHS OAE procedure, to confirm neonatal
hearing impairment. ABR is an important tool in identi-
fying hearing impairment in neonates, and is not affected
by external ear wax or fluid and has high sensitivity and
specificity. It is important to first test populations with high

22

Risk factors
90 [ OAE refer
80
70+
60
51
5 50

10 10,5%

Normal ~ Mildhearing Moderate ~ Severe  Profound
hearing impairment  hearing  hearing  hearing
impairment  loss loss

Grade of hearing

Figure 7. Correlation between OAE results and hearing
loss confirmed by ABR. Error bars 95% Cl

probabilities of developing hearing impairment. Various
tools are available to detect the majority of children who
have a hearing disorder, and both OAE and ABR have now
been tested in various centers.

The incidence of hearing loss differs between studies. The
JCIH have suggested that hearing screening should be
done in all neonates whether or not they are high risk;
JCIH also recommend reevaluating the hearing of neo-
nates after 3 months if they fail the initial screening test
[7]. All babies should be screened at birth. If the result of
screening fails, complete hearing tests several weeks after
birth should be done.

ABR should be used in all screening programs to distin-
guish children with hearing impairment from those with
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normal hearing who register a false positive result. Al-
though OAE screening is quicker and easier to perform
than ABR it is affected by external ear wax or fluid. Some-
times, in various studies, the OAE test is performed twice
[18,19]. OAE and ABR together are a valid combination
for use in universal newborn hearing screening.

Conclusions

The present study was done to show the incidence of hear-
ing impairment through ABR in infants at high risk at
Casa Sollievo della Sofferenza Hospital. Hearing screen-
ing is the key to prevent the most severe consequences
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