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Abstract

Background: Neonatal intensive care unit graduates are considered to be of higher risk for hearing impairment, either audi-
tory neuropathy or hearing loss. In this study we examine the presence of risk factors and try to identify their effect on the
hearing of high-risk neonates.

Material and methods: In this prospective cohort study we used automated auditory brainstem responses (a-ABRs) and
otoacoustic emissions (OAEs) to screen 453 neonatal intensive care unit neonates who had at least one risk factor for hear-
ing impairment.

Results: In the initial examination, 382 (84.3%) infants passed and 71 (15.7%) failed a-ABRs. Out of those who failed, 39 new-
borns (55%) passed the transiently evoked otoacoustic emission (TEOAE) test, while 32 (45%) failed that test too. Re-exami-
nation was performed before their first month of age, eventually resulting in 8 newborns being diagnosed with possible hear-
ing loss and 8 with possible auditory neuropathy. The overall dropout rate was 4.9%. Low birth-weight (p=0.016), as well as
craniofacial abnormalities (p=0.03) and TORCH (toxoplasmosis, rubella, cytomegalovirus, herpes) infections proved to have
a statistically significant correlation (p=0.05) with hearing impairment.

Conclusion: Because a significant number of children may have auditory neuropathy, ABRs and OAEs (both transiently evoked
and distortion product OAEs) remain the cornerstones of any universal hearing screening program in neonatal intensive care
units. An efficient tracking system is needed to reduce the number of neonates lost to follow-up. Low birth-weight, craniofacial
deformities, and congenital infections appear to be the most significant factors predisposing an infant to hearing impairment.
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FACTORES DE RIESGO DE PERDIDA AUDITIVA EN LOS RECIEN NACIDOS
PERMANECIENTES EN LAS UNIDADES DE CUIDADOS INTENSIVOS

Resumen

Introduccion: Los recién nacidos dados de alta de las unidades de cuidados intensivos pertenecen al grupo de mayor riesgo de
sufrir pérdida auditiva como la neuropatia auditiva o la reduccion del umbral de audicion. En este trabajo se ha estudiado la
presencia de los factores de riesgo y se ha intentado sefialar su impacto en el oido de los recién nacidos del grupo de alto riesgo.

Material y métodos: El estudio de cohorte prospectivo que aqui presentamos ha tenido el caracter de deteccién y ha inclui-
do a 453 recién nacidos de la unidad UCI, en los que se habia identificado al menos un factor de riesgo de pérdida auditi-
va. En este estudio se ha aplicado la prueba automatica de potenciales del tronco cerebral (a-ABR) y la prueba de emisiones
otoacusticas (OAE).

Resultados: En la etapa inicial de la evaluacion, por 382 recién nacidos (84,3%) se ha obtenido el resultado correcto, y en los
71 (15,7%) - el resultado incorrecto de la prueba a-ABR. En el grupo de los bebés con resultado incorrecto, la prueba de la
emision otoacustica provocada por el ruido (TEOAE) ha dado un resultado correcto en 39 recién nacidos (55%) e incorrec-
to en 32 (45%). El nuevo examen se hizo antes de que los bebés terminaran 1 mes. En resultado de esta prueba, en 8 nifios
se sospecho la pérdida de audicidn, y en otros 8 bebés se diagnosticé la neuropatia auditiva. Un 4,9% de los bebés no se han
presentado a la nueva prueba.

Los defectos auditivos estaban correlacionados con el bajo peso al nacer (p=0.016), anomalias craneofaciales (p=0.03) y las in-
fecciones del grupo TORCH (toxoplasmosis, rubeola, citomegalovirus y herpes).
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Conclusiones: Debido al gran numero de casos de deteccidon temprana del riesgo de neuropatia, las pruebas ABR y OAE (tan-
to de la emision otoactstica provocada por el ruido, como y de la emision otoactstica de los productos de distorsiones) cons-
tituyen la base para el cribado auditivo general en las unidades de cuidados intensos neonatales. Para reducir el nimero de
recién nacidos no sometidos a la segunda prueba, se debe desarrollar un sistema funcional y eficaz de contacto y comunica-
cion con los pacientes. Como los factores de riesgo mas importantes para la pérdida auditiva en los recién nacidos se enume-
ra: bajo peso al nacer, anomalias en la zona craneofacial y las infecciones congénitas.

Palabras clave: cribado neonatal « neuropatia auditiva « defectos de audicién congénitos

OAKTOPBI PUCKA HAPYIIEHUA CIIYXA Y HOBOPOJXJIEHHDIX,
MPEBBIBAIOIINX B OTAEIEHUAX MHTEHCUBHOW TEPAIIUU

N3noxxenune

Beepenne: HoBoposk/ieHHbIe, TOKUIAONIVIE OT/Ie/IEHUsI MHTEHCUBHOM Tepaluy, IIPUHA/IeXKAT K TPYIIIe MOBbIIIEeHHO-
TO PVICKa Pa3BUTMA HAPYUIEHNUI CIyXa B BUJe CTyXOBOV HEMPOIATUM M/IV CHVDKEHNUA IOopora CiIbIIaHnA. B HacTos-
et pabore uccnepyercsa Hanuyye GaKTOPOB PHUCKa ¥ NPeJIPUHMMAETCH IOIBITKA II0Ka3aTh UX BIMAHNE Ha CIyX HO-
BOPOXKIECHHBIX JieTell M3 TPYIIIBI BBICOKOTO PMCKA.

Marepuan u meToasbl: IIpencraBreHHOe NPOCHEKTNBHOE KOTOPTHOE MICCTIENOBAHNE VMEIO CKPMHIHIOBBIN XapaKTep U
BK/IIOYA/I0 453 HOBOPOX/IEHHBIX M3 OT/e/IeHN I MHTEHCUBHOI Tepaluy, Y KOTOPbIX ObUI yKa3aH II0 KpaiiHell Mepe OIVH
daxTOp pucKa NoAB/IeHNA HApyIIeHN: cayxXa. VIcronpb30BaHO MCCefoBaHNe CTBOIOMO3TOBBIX ITOTeHIanoB (a-ABR)
U uccefoBaHme oroakycrudeckux amuccuit (OAE).

Pe3ynpraThl: Ha Ha4a/IbHOI CTafyM OLleHKY, Y 382 (84.3%) HOBOPOX/IEHHBIX ObUI IIOTTy4€eH IPABVIbHBIN pe3y/IbTaT, a
y 71 (15,7%) — HempaBMIbHBIIL pe3ynbTat B a-ABR. Cpenn aTux meteit, y KOTOPbIX 0OHapy>KeH HelIPaBIIbHBII Pe3y/ib-
TaT, MCCIeIOBaHMe OTOAKYCTUYECKOIT, BbI3BaHHOI 1ryMoM, smuccu (TEOAE) mokasato IpaBUIbHBIL pe3ynbTar y 39
(55%) HOBOPOXKJEHHDIX, @ HePaBUIbHBI ¥ 32 (45%). IloBTOpHOE HCCIefOBaHMe IPOBOAIOCDH, IPEX/e YeM HeTAM
UCIIOTHMICA MecsI,. B pesynbraTe y 8 meTeil HOABUIOCH MIOJO3PEHNE HA HapyIIeHe CIyXa, a y CAefyoIuX 8 65T o-
CTaBJIeH [IMAarHo3 CyXoBoii HeliponaTun. 4,9% neTeil He MOABUIOCH Ha ClIefyloleM uccnefopanun. C HapylmeHnAMMI
C/IyXa COOTHOCMIICSI HU3KMIT Bec Ipu poxxaeHun (p=0,016), nedopmarus nmuiesoro depemna (p=0,03), a Taxxe nHPpeK-
iy u3 rpynnsl TORCH (Tokcommasmos, KpacHyXa, IMTOMerajaoBupyc u reprec) (p=0,05).

BeiBopbI: BBUAY 3HaUNTEIPHOrO KOMMYECTBA CIydaeB paHHee OOHAPY>KEHHOTO PMCKa HENPOMATUM, UCCIefOBaHM
ABR i OAE (kak 0TOaKyCTMYeCKOIl SMICCUY, BBI3BAHHOI IIYMOM, TaK M OTOAKYCTUYECKOI SMUCCU NTPOJYKTOB MCKa-
JKEHNZ) SABJIAIOTCA 6a31ICOM BCEOOIINX CKPMHIHTOBBIX MICCTIEIOBAHMI CITyXa B OT/E/IeHNAX NHTEHCUBHOI TePAIy HO-
BOpOXZIeHHbIX. C IIeTbI0 CHIDKEHMA YMC/Ta HOBOPOKIEHHBIX, He IPMHMMAIONINX YIacTHA B TOHOBHOM MCCTIEfOBaHNI,
clefyeT pa3paboTaTh YETKYIO CHCTeMy OOIIeHMs ¥ KOMMYHUKALMA C MaljeHTaMn. BakuermMu akropamm prucka
HapYIIeHMIT CITyXa Y HOBOPOXKJCHHBIX JeTeil CIMTAIOTCA: HU3MIT BeC IIPU POXKeHNN, fedopMaluy JINIeBOro depera
¥ BPOXK/IeHHbIe MHEKIUIL.

KnroueBble cmoBa: CKPMHMHIOBbBIE MCCIIEAOBAHNA Y HOBOPOXKAEHHDBIX o CIITyXOBasd HeﬁponaTI/m * BpOXII€HHbIE HApy-
mIeHms cIyxa

CZYNNIKI RYZYKA USZKODZEN SEUCHU U NOWORODKOW PRZEBYWAJACYCH
NA ODDZIALACH INTENSYWNE] TERAPII

Streszczenie

Wprowadzenie: Noworodki opuszczajace oddzialy intensywnej terapii zalicza si¢ do grupy podwyzszonego ryzyka wystapienia
wad stuchu w postaci neuropatii stuchowej lub obnizenia progu styszenia. W niniejszej pracy zbadano wystgpowanie czynni-
kéw ryzyka oraz podjeto probe wskazania ich wplywu na stuch noworodkéw z grupy wysokiego ryzyka.

Material i metoda: Przedstawione prospektywne badanie kohortowe miato charakter przesiewowy i obejmowato 453 no-
worodkéw z oddzialu intensywnej terapii, u ktérych wskazano co najmniej jeden czynnik ryzyka wystapienia wady stuchu.
Wykorzystano w nim automatyczne badanie potencjaléw pnia mézgu (a-ABR) oraz badanie emisji otoakustycznych (OAE).

Wyniki: W poczatkowym etapie oceny, dla 382 (84.3%) noworodkéw z nich uzyskano wynik prawidlowy, a 71 (1,7%) - wy-
nik nieprawidtowy w a-ABR. Spos$rdd tych dzieci, u ktérych stwierdzono wynik nieprawidtowy, badanie emisji otoakustycz-
nej wywolanej trzaskiem (TEOAE) dalo wynik prawidtowy u 39 noworodkéw (55%), natomiast nieprawidlowy u 32 (45%).
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Ponowne badanie wykonano, nim dzieci ukoniczyly miesigc. W rezultacie u 8 dzieci wystapito podejrzenie wady stuchu, a u do-
datkowych 8 zdiagnozowano neuropati¢ stuchowa. 4,9% dzieci nie zgltosilo si¢ na ponowne badanie. Z wadami stuchu kore-
lowala niska waga urodzeniowa (p=0,016), anomalie twarzoczaszki (p=0,03) oraz infekcje z grupy TORCH (toksoplazmoza,
rozyczka, cytomegalia i opryszczka) (p=0,05).

Whioski: Ze wzgledu na znaczng liczbe przypadkéw wykrytego wezednie ryzyka neuropatii, badania ABR i OAE (zaréw-
no emisji otoakustycznej wywolanej trzaskiem, jak i emisji otoakustycznej produktéw znieksztalcen) stanowig podstawe po-
wszechnych przesiewowych badan stuchu w oddziatach intensywnej terapii noworodkéw. Aby zmniejszy¢ liczbe noworodkéw
nie poddanych ponownemu badaniu nalezy wypracowaé sprawny system kontaktu i komunikacji z pacjentami. Za najwaz-
niejsze czynniki ryzyka wad stuchu u niemowlat przyjmuje si¢: niska mas¢ urodzeniows, anomalie w obrebie twarzoczaszki

oraz zakazenia wrodzone.

Slowa kluczowe: badania przesiewowe u noworodkéw e neuropatia stuchowa « wrodzone wady stuchu

Background

Significant congenital hearing impairment has been shown
to be one of the most frequent sensory birth defects, af-
fecting 1 to 3 healthy neonates in every 1000 live births.
Audiological risk factors have a 10- to 20-fold higher in-
cidence, meaning that 2-5% of all newborns in neonatal
intensive care units (NICUs) may be affected [1]. Since the
development of fluent language depends on a high quality
auditory signal, the severity of hearing impairment during
critical periods of speech development in early life con-
trols whether the acquisition of spoken language will be
more or less severely compromised [2].

Language plays a key role in a child’s effort to communi-
cate and socially interact, thus it is crucial that any un-
derlying hearing disorder affecting speech is identified as
early as possible. Therefore, the Joint Committee on In-
fant Hearing (JCIH) strongly recommends all neonates
should undergo hearing screening test by the first month
of life and diagnosis should be made by 3 months of age,
so that specialists can start treatment and intervention
by 6 months [3]. Children diagnosed early by universal
newborn hearing screening (UNHS) programs can ben-
efit from the timely fitting of hearing aids or cochlear
implants [4,5]. In this way, the detrimental consequenc-
es of linguistic deprivation can be avoided, and hearing-
impaired children have the opportunity to grow up with
normal developmental index scores, both in terms of ac-
ademic and socioeconomic progress as well as emotional
and psychological integrity [6].

The introduction of electro-acoustical tests, notably otoa-
coustic emissions (OAEs) and automated auditory brain-
stem responses (a-ABRs), is regarded as the cornerstone
of UNHS programs. The JCIH has set separate test pro-
tocols for NICUs and well-infant nurseries, recommend-
ing a two-step screening procedure for all healthy low-risk
newborns, with OAEs (transiently evoked or distortion
product) followed by a-ABRs if there is no response at
the original screening test. For NICU infants, who are at
high-risk of developing retrocochlear hearing loss, JCIH
recommends they should be examined with both tests at
once to eliminate false negative results associated with
auditory neuropathy spectrum disorders (ANSDs) [3].
First identified in 1996, auditory neuropathy is mainly a
form of hearing impairment due to dyssynchronization
of the cochlear/auditory nerve, while the outer hair cell
function remains intact (as revealed by the presence of

normal OAEs in contrast to the grossly abnormal or even
absent ABRs) [7].

Congenital hearing loss is attributed in 30-50% of cas-
es to perinatal environmental factors such as prematuri-
ty (<32 weeks), low birth-weight (<1500 g), viral or bac-
terial infections (toxoplasmosis, rubella, cytomegalovirus,
herpes; TORCH), severe birth asphyxia (Apgar Score <6
at 5 min), hyperbilirubinemia (>17 mg/dL), exposure to
ototoxic drugs (e.g. aminoglycosides), and need for me-
chanical ventilation (>5 days). The remaining 50-70% is
thought to be due to inherited genetic factors which re-
sult in either syndromic (30%) or non-syndromic (70%)
profound hearing loss [8]. Over 400 syndromes present-
ing audiological disorders among other clinical mani-
festations have been identified, while almost 100 specif-
ic non-syndromic genetic loci inherited in an autosomal
recessive, autosomal dominant, or X-Linked mode have
been cloned [9]. Regarding non-syndromic deafness, it is
more often related to mutations of genes that regulate the
production of the gap junction protein connexin 26, which
lead to abnormal cochlear hair cell function. Overall, only
50% of hearing impaired infants have known risk factors,
a fact that underlines the necessity for UNHS [10]. Sev-
eral studies have tried to identify and re-evaluate the role
and relative importance of certain risk factors in the de-
velopment of hearing loss [11,12]. The results of a prelimi-
nary study in the NICU of our hospital found a clear rela-
tion of TORCH infections and mechanical ventilation for
over 5 days to the likelihood of hearing impairment [13].

In this study, we focus on the presence of audiological risk
factors and try to clarify how they are linked to the de-
velopment of congenital hearing loss, including ANSD, in
the population of newborns hospitalized in the NICU of
our tertiary hospital.

Material and Methods

Between 2012 and 2016, a total number of 619 neonates
were admitted to the NICU of our hospital, and all of them
were screened according to the recommendations of JCIH.
In the present prospective cohort study, data from 453 ne-
onates (73.2%), admitted to the NICU for more than 24
hours with one or multiple risk factors, was analyzed. The
hearing of all newborns was tested by automated ABRs (a-
ABRs) in combination with transiently evoked otoacous-
tic emissions (TEOAEs). Individual newborn and ma-
ternal medical records were examined, while taking into
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consideration, according to the JCIH, the presence of any

of the following hearing loss high-risk factors:

. Family history of permanent childhood hearing loss;

. Prematurity (<32 weeks);

. Low birth weight (<1500 g);

. Birth asphyxia (Apgar score 0-6 at 5 min);

. Assisted ventilation;

. Medication ototoxicity (e.g. aminoglycosides, loop

diuretics);

7. Hyperbilirubinaemia (>17 mg/dL) that required ex-
change transfusion;

8. In utero TORCH infection;

9. Craniofacial anomalies including those of the ear and
temporal bone;

10.Presence of syndromes or physical findings clearly as-
sociated with syndromes which include hearing loss;

11.Early postnatal viral or bacterial infections associated
with permanent hearing loss (e.g. meningitis);

12.Head trauma or intracranial hemorrhage;

13.Neurological disorders.

AN Ul W W N~

Prior to audiologic examination, families and caregivers
were fully informed and gave their consent to proceed with
the screening. A quiet examination room inside the NICU
facility was used and the safety of newborns was reassured
by the physical presence of a neonatologist throughout
the test, although no emergency ever occurred. All tests
were performed by the same specialized personnel using
the same screening devices, and the results were noted
down in both the newborn’s medical record and a form
designed for our study.

All neonates underwent otoscopic examination of the ex-
ternal ear canal and the tympanic membrane before hear-
ing evaluation. TEOAEs and a-ABR tests were initially per-
formed in both ears at least 48 hours after birth, usually
following feeding so that the newborns would remain calm
or fall asleep during the examination without being sedat-
ed. The recorded TEOAEs and a-ABRs were automatically
checked and compared to normal patterns by the screen-
ing device, based on their reproducibility according to
the manufacturer’s standard settings. Normal presence of
TEOAEs/a-ABRs was considered as PASS while absence
as REFER. Newborns who failed the initial test were re-
examined before their first month of age and if they still
did not manage to pass the screening, they were referred
to the audiology department for full hearing evaluation,
the results of which are beyond the scope of the present
study. Both the positive or negative results were disclosed
to the parents or caregivers and explicit information about
the follow-up procedure was provided.

A portable Madsen Accuscreen Pro OAE/ABR screen-
er audiometer (Madsen, GN Otometrics) was used for all
tests. For TEOAEs, the device produces clicks or tones at
a level of 70-84 dB SPL and at frequencies ranging from
1.5 to 4.5 kHz; for a-ABRs, chirp stimuli of 30, 35, 40, or
45 dB HL are applied. Prior to examination, the skin was
cleaned with a non-alcohol agent and three electrodes
were placed by means of adhesive pads with a hydrogel
surface. The recording electrode was attached to the up-
per forehead, the reference electrode was placed on the
mastoid process of the side examined at the time, and the
ground electrode on the cheekbone. Soft probe ear tips of

different sizes were available so that the probe would fit
properly to the ear canal.

The Stata version 11 statistical software package (Stata-
Corp LP, Texas, USA) was used for statistical analysis.
Categorical variables comparison was performed with
the Fisher Exact Test. Statistically significance was set at
a p-value of 0.05.

The present study conformed to the principles of the Dec-
laration of Helsinki and was approved by the ethical com-
mittee of Attiko University Hospital where all medical in-
vestigation took place.

Results

In this study we enrolled 453 neonates, 267 (58%) males
and 186 (42%) females, admitted to the NICU of Attiko
University Hospital.

All neonates underwent a hearing screening test by use
of a-ABRs, resulting in 382 infants passing on both ears
and 71 failing the initial examination on at least one ear
(PASS=84.3%, REFER=15.7%). Out of those who failed,
39 (55%) passed the TEOAESs, while 32 (45%) failed that
test too. Re-examination included both TEOAEs and a-
ABRs and was performed before their first month of age,
but only 49 infants (69%) presented in follow-up, where-
as 22 (31%) dropped out. Some 26 of the presenters had
failed both TEOAEs and a-ABRs in the initial examina-
tion, while 23 had passed TEOAEs but failed in a-ABRs.
Eventually, 33 of the presenters (67%) passed both tests and
were considered to have normal hearing, while 16 new-
borns (33%) were diagnosed with hearing impairment. In
the latter group, 8 infants (50%) failed both TEOAEs and a-
ABRs, 6 unilaterally and 2 bilaterally, and were diagnosed
as having possible hearing loss (HL). The remaining 8 in-
fants (50%), 7 of which had failed both TEOAEs and a-
ABRs in the initial examination, after thorough cleaning
of the ear canal eventually passed TEOAEs but failed a-
ABRs again. Two of them failed a-ABRs unilaterally and
6 bilaterally, so they were considered to suffer from possi-
ble auditory neuropathy (ANSD), as depicted in Figure 1.

Regarding the overall population, the prevalence of possi-
ble ANSD, as well as possible HL, in our study was 1.8%.
Considering the infants who did not attend the re-exam-
ination, the overall dropout rate was 4.9%. After the com-
pletion of the two-step protocol, the false REFER rate for
TEOAEs was 4% whereas for a-ABRs it was 7.3%.

Out of the 13 risk factors investigated, ototoxic medica-
tion appeared to be by far the most frequent one, present
in 295 newborns (65.1%). Prematurity was identified in
73 infants (16.1%), assisted ventilation in 65 (14.3%), low
birth-weight <1500 g in 64 (14.1%), and hyperbilirubine-
mia in 54 (11.9%). The rest of the risk factors appeared less
frequently, while there was no case of a syndrome or con-
genital abnormality associated with hearing loss (Table 1).
Co-existence of multiple risk factors was not infrequent,
with the majority of newborns (48%) presenting with two
risk factors while there was no case of having more than
seven (Figure 2).
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N=453
I
a-ABR refer a-ABR pass
N=71 N=382
I
I |
TEOAEs refer TEOAEs pass
N=32 N=39
I I
Follow up Non-presenters Follow up Non-presenters
N=26 N=6 N=23 N=16
| — | I
NHN=11 ANSD N=7* HLN=8 NH N=22 ANSD N=1
UNIN=2 BIN=5 UNIN=6 BIN=2 BIN=1

Figure 1. Outcomes of a two-step protocol hearing screening in 453 newborns admitted to the NICU. The asterisk re-
fers to 7 newborns who, following thorough cleaning of the ear canal, eventually passed TEOAEs in the re-examination,
but still failed a-ABRs and were diagnosed with possible ANSD. TEOAEs — transiently evoked otoacoustic emissions;
a-ABRs — automated auditory brainstem responses; ANSD — auditory neuropathy spectrum disease; HL — hearing loss

Table 1. Prevalence of risk factors among newborns with normal and impaired hearing

Risk factors I bl LD p-value A p-value HI p-value
[N=453] [N=415] [N=8] [N=8] [N=16]
Faml‘ly history of childhood 0.7% 3 (0.72%) 0 NS 0 NS 0 NS
hearing loss
Prematurity <32 weeks 16.1% 68 (16.46%) 1 (12.5%) NS 3 (37.5%) 0.14 4 (25%) 0.32

Low birth weight <1500 g 14.1% 55 (13.25%) 1 (12.5%) NS 5 (62.5%) 0.002 6 (37.5%) 0.016

Apgar score <6 at 5 mins 2.4% 9 (2.17%) 0 NS 0 NS 0 NS
Assisted ventilation 14.3% 61 (14.7%) 1 (12.5%) NS 3 (37.5%) 0.10 4 (25%) 0.28
Medication ototoxicity 65.1% 269 (64.82%) 5 (62.5%) 0.9 4 (50%) 0.46 9 (56.3%) 0.6
Hyperbilirubinemia 11.9% 50 (12.5%) 2 (25%) 0.26 2 (25%) 0.26 4  (25%) 0.13
In utero TORCH infection 3.1% 12 (2.89%) 1 (12.5%) 0.22 1 (12.5%) 0.22 2 (12.5%) 0.05
Craniofacial anomalies 2.2% 6 (1.45%) 1 (12.5%) 0.07 1 (12.5%) 0.07 2 (12.5%) 0.03
Syndromes 0% 0 0 NS 0 NS 0 NS
Postnatal infections 1.3% 6 (1.45%) 0 NS 0 NS 0 NS
Intracranial hemorrhage 2.9% 12 (2.89%) 0 NS 1 (12.5%) 0.22 1 (6.25%) 0.4
Neurological disorders 2% 6 (1.45%) 0 NS 1 (12.5%) 0.12 1 (6.25%) 0.23

NH - normal hearing; ANSD — auditory neuropathy spectrum disease; HL — hearing loss, HI — hearing impairment, either ANSD or HL.

Comparison of the incidence of risk factors between nor-
mal hearing infants and possibly hearing impaired infants
clearly showed that low birth-weight (less than 1500 g) was
a major risk factor for hearing impairment (p=0.016). Even

though it was not possible to reach statistical significance
regarding ANSD, in the case of newborns with possible
HL, low birth-weight was reported almost 5 times more
frequently than in the normal hearing population (62.5%
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Figure 2. Co-existence of multiple risk factors

vs. 13.25% respectively), giving a strong statistically sig-
nificant difference (p=0.002). Low birth-weight was also
the most frequently occurring risk factor (62.5%) in the
group of HL, followed by ototoxicity (50%), whereas oto-
toxic medication (62.5%) and hyperbilirubinemia (25%)
were the more prevalent in the ANSD group (Figure 3).
Craniofacial abnormalities were more prevalent in the
ANSD and HL groups than in normal hearing newborns
(12.5% vs. 1.45% respectively, p=0.07) and had a statistical-
ly significant link to hearing impairment (p=0.03). More-
over, TORCH infections, mostly CMV with a single case
of congenital toxoplasmosis in our sample, seem to be re-
lated to the presence of either ANSD or HL, reaching sta-
tistical significance (p=0.05, OR=4.8). The analysis of fre-
quencies for the other investigated factors resulted in no
statistically significant difference between the normal hear-
ing and hearing impaired groups, as depicted in Table 1.

Overall, 22 neonates (4.9%) dropped out of the study be-
fore re-examination; 16 of them had passed TEOAEs (73%)
while 6 infants (27%) had failed both a-ABRs and TEO-
AEs in the initial evaluation. Among them, medication
ototoxicity was the most frequent risk factor (77%) fol-
lowed by low birth weight (14%). Regarding the 49 new-
borns who presented for follow-up, ototoxic medication

was once again the major risk factor (75.5%) followed by
prematurity and low birth-weight (27% each) as seen in
Figure 4. Prevalence analysis showed that assisted venti-
lation and prematurity were the only statistically signifi-
cant risk factors to differ between the returns and the lost
to follow-up group (p=0.03, p=0.05, respectively).

Discussion

Language facilitates human communication, social inter-
action, and expression of ideas and emotional states. We
now know it takes adequate hearing ability to develop flu-
ent speech, but that was not always an evident fact. Un-
til last century, poor quality spoken language was not un-
derstood to be the result of hearing impairment, and in
many cases hearing aids were not prescribed to children
so as to protect them from hearing their own imperfect
speech [14]. Better understanding of the physiology of the
auditory pathway, along with observations of the effect of
hearing during critical periods on a person’s ability to de-
velop spoken language, eventually resulted in replacement
of the old and deprecated term “deaf-mutism” in favour
of “profound childhood deafness” [15].

Several studies over recent decades have shown that the
shorter the time period without acoustic stimulation, the
better the lingual, social, and emotional outcomes (pro-
vided, of course, that no other means of communication
is introduced (e.g. sign language) [16]). One of the last re-
maining problems was that auditory responses of infants
are nearly impossible to assess subjectively. It was Kemp
in 1978 who introduced the electro-acoustical method of
OAEs and thus provided a valuable tool in the evaluation
of cochlear function [17]. In the early 1980s, pilot screen-
ing programs were conducted in the US, especially on the
NICU neonates considered to be of higher risk for hearing
impairment. The results showed that only 50% of hearing
impaired children could be detected that way, since the
other 50% presented with no obvious audiological risk fac-
tor [10]. Moreover, hearing impairment appeared to be al-
most 20 times more prevalent in neonates than other rou-
tinely screened diseases like phenylketonuria or sickle cell
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Figure 4. Prevalence of risk factors in returns and lost to follow-up neonates

anemia [13,18]. Therefore, in the 1990s, the Joint Commit-
tee on Infant Hearing and the American Academy of Pedi-
atrics recommended universal newborn hearing screen-
ing as the only way to detect childhood hearing loss in a
timely manner and intervene appropriately [19].

Today, OAEs and a-ABRs are the two main methods of
testing the hearing ability of newborns. They are consid-
ered safe and cost-effective and provide valuable informa-
tion regarding the function of the auditory pathway. The
presence of normal TEOAEs indicates proper functioning
of the outer hair cells of the cochlea and the absence of se-
vere pathology in the outer and middle ear. ABRs test the
overall integrity of the auditory apparatus, focusing on the
synchronous retrocochlear neural activity from the inner
hair cells/VIII cranial nerve to the brainstem. JCIH sug-
gests that all full-term neonates of the well-baby nursery
should be screened with OAEs and, in the case of refer-
ral, a-ABRs should be applied. As for NICU newborns, the
recommendations differ and all neonates should be exam-
ined with a-ABRs in combination with OAEs (either TEO-
AEs or DPOAEs). The reason for the use of two different
protocols is the significantly higher incidence of hearing
loss as well as ANSD in NICU infants.

Auditory neuropathy spectrum disorder, also referred to
as auditory neuropathy/dys-synchrony was first described
by Starr et al. in 1996 and seems to be quite a common
form of hearing impairment, affecting up to 10-15% of
patients suffering from congenital sensorineural hearing
loss [20]. In this clinical entity, the outer hair cells seem to
function properly whereas there is a malfunction in sub-
cortical afferent conduction. The site of lesion remains un-
clear and might be anywhere in the retrocochlear audito-
ry pathway, from the inner hair cells and their synapses
with the VIII cranial nerve to the brainstem [7]. The ob-
served dys-synchronous neural activity results in patients
with ANSD passing TEOAESs but failing ABRs. So, at least
in high-risk populations like NICU newborns, OAEs are
not enough and ABRs should be the basis of the screen-
ing in order not to misdiagnose ANSD cases.

In 2007, JCIH set out revised guidelines for hearing screen-
ing, with specific mention of ANSD detection and listing
indicators which point to high-risk of developing perma-
nent childhood hearing impairment [3]. Here, we have
investigated the main risk factors and have tried to de-
termine the rate at which they are linked to the presence
of hearing loss or ANSD in the NICU neonates popula-
tion of our hospital. Although many studies have attempt-
ed to analyze the results of hearing screening in order to
optimize it, it remains the case that even though the im-
plementation of UNHS has had a dramatic effect on ear-
ly identification and timely intervention, there is still a lot
to be done until the goal is reached of establishing an ef-
ficient and cost-effective hearing screening program [21].

Data analysis in our sample revealed that low birth-weight
(<1500 g) was a major risk factor for hearing impairment.
In fact, 62.5% of the infants diagnosed as having possible
hearing loss presented with low birth-weight, a statisti-
cally significant difference compared to the normal hear-
ing group. It is clear that birth weight reflects the general
health status and maturity of an infant, and even though
progress in NICU medical care has increased the chances
of a newborn’s survival, we cannot automatically assume
corresponding improvement with regard to morbidity [22].
Low birth-weight has been found to be among the most
frequent risk factors in several studies, but its significance
is difficult to assess because in most cases it is strongly
correlated with prematurity and other risk factors [23,24].

In our study, craniofacial abnormalities were more fre-
quently found in possibly hearing impaired infants than
in those who eventually passed the screening. These find-
ings correspond with the results of similar studies in which
craniofacial anomalies were described as an independent
risk factor for hearing loss [25,26]. For the ANSD and HL
groups, an equal incidence of abnormalities was found
(p=0.07). TORCH infections are generally more preva-
lent in NICUs than well-baby nurseries, and are consid-
ered risk factors for the development of early or late onset
hearing impairment (either ANSD or HL). Even though
a strong, statistically significant relation between hearing
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deficits and intrauterine infections has been reported in
several studies [27], in our analysis TORCH barely reached
that level of significance (p=0.05). However, the small
numbers involved in the present study may have weak-
ened the statistics.

The use of ototoxic drugs is very common in NICU daily
practice, mostly due to bacterial perinatal infections and
presumed sepsis. The majority of newborns in our sam-
ple, in both the normal and the impaired hearing group,
had been exposed to ototoxic medication, yet no correla-
tion of statistical significance was uncovered. This might
be because of drug serum levels and the short courses of
these antibiotics. Our results match those of many authors
who have investigated ototoxicity, especially aminoglyco-
sides and loop diuretics, in NICU populations: even with
extended regimens and the simultaneous administration
of more than one ototoxic drug, there seems to have been
no increase in the incidence of hearing loss [28-30]. Nev-
ertheless, the regular assessment of drug serum levels and
short administrations are strongly recommended. In the
present study, the prevalence of HL and ANSD was 1.8%,
while false referral rates for TEOAEs and a-ABRs were 4%
and 7.3% respectively. Currently, the prevalence of senso-
rineural hearing loss worldwide is estimated at 2-5% when
referring to NICU graduates, whereas 2-15% of infants suf-
fering permanent hearing impairment will eventually be
diagnosed with ANSD [31]. One weakness of the present
study, as in many similar studies, is that the final results
of the full detailed hearing evaluation are not included.

In our sample, almost one-third of the newborns referred
to re-examination were lost to follow-up. This is an alarm-

ing statistic which is clearly repeated in many other studies

References:

and is one of the major drawbacks of hearing screening
programs. A recent review of the literature revealed that the
rate of non-presenters to re-examination can be as high as
65% [32]. Korres et al. in their study [33] made clear that
retesting reduced the false positive figures but increased
evasion. However, use of an efficient patient-tracking sys-
tem from screening to diagnosis may produce dropout
rates as low as 2% [34]. Analysis of our data showed that
newborns with high risk factors such as mechanical ven-
tilation and prematurity were more likely to attend fol-
low-up (p=0.03, p=0.05, respectively). This outcome can
be attributed to either longer admission to the NICU (so
that the neonates were still in hospital at the re-examina-
tion) or to a higher level of parental vigilance when the
severity of the morbidity is realised. In any case, the im-
plementation of an efficient universal hearing screening
program requires both dedicated data keepers and well-
informed caregivers.

Conclusions

ABRs and OAEs (both TEOAEs and DPOAES) remain
the cornerstones of any universal hearing screening pro-
gram in neonatal intensive care units. An efficient track-
ing system is needed to reduce the number of neonates
lost to follow-up. Low birth-weight, craniofacial deform-
ities, and TORCH infections appear to be the most signif-
icant factors predisposing infants to hearing impairment.
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