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Summary

Hearing loss can be considered as the most common birth de-
fect. Early detection of hearing loss by screening at, or shortly
after, birth and appropriate intervention are critical to speech,
language and cognitive development. In the present study, the
characteristics of Transient Evoked Otoacoustic Emissions
have been evaluated as a function of known pre- and perinatal
risk factors for hearing loss. All newborns were screened for
hearing loss using a physiologic test of hearing function, the
Transient Evoked Otoacoustic Emissions. A total of 532 con-
secutive newborn infants received binaural Transient Evoked
Otoacoustic Emission testing (262 males, 270 females; mean
gestational age 39.2±2.1 weeks, range 26-43; birth weight:
3,240±550 g, range 910-4,780). The population examined
comprised 448 control infants and 84 high-risk for hearing loss
infants (Joint Committee on Infant Hearing 1994 criteria). All
Transient Evoked Otoacoustic Emission recordings were per-
formed at comparable postconceptional ages. Audiological
screening by Transient Evoked Otoacoustic Emission record-
ing showed an overall 100% sensitivity, 99.02% specificity,
with negative and positive predictive values of 100% and
62.5%, respectively. As compared to controls, high-risk infants
showed: 1. increased rates of Fail-1 (Transient Evoked Otoa-
coustic Emissions absent at first examination, 21.4% vs 9.8%,
p=0.004), Fail-2 (Transient Evoked Otoacoustic Emissions ab-
sent on retesting: 8.64% vs 1.37%, p=0.0014), false positives
(Transient Evoked Otoacoustic Emissions absent/V wave pre-
sent: 3.7% vs 0.46%, p=0.029) and true positives (Transient
Evoked Otoacoustic Emissions absent, V wave absent: 2.47%
or 24.5 per 1,000 live births vs 0.22% or 2.2 per 1,000 live
births, p=0.013); 2. significantly reduced Transient Evoked
Otoacoustic Emission intensity in the 0.7-1 kHz (right side)
and 1-2 kHz (left side) frequency ranges. Multivariate logistic
regression analysis showed a significant positive correlation
between congenital hearing loss and the following risk factors:
assisted ventilation lasting >10 days (Odds ratio 14.8; 95%
confidence interval, 4.5-48.8, p<0.000001), severe birth as-
phyxia (Odds ratio 5.8; 95% confidence interval; 2.1-
16.1;p=0.0006) and administration of ototoxic drugs (Odds ra-
tio 4.5; 95% confidence interval; 1.4-13.9; p=0.009). Results
of this study confirm the feasibility and accuracy of universal

Riassunto

L’ipoacusia rappresenta attualmente il più frequente difetto
congenito. L’identificazione precoce del deficit uditivo
consente il ricorso immediato a tecniche di abilitazione
sensoriale fondamentali per la prognosi definitiva. Nel
presente studio sono state esaminate le caratteristiche delle
emissioni otoacustiche transitorie in una popolazione di
neonati in funzione della presenza/assenza dei fattori di
rischio audiologico pre- e perinatale. Le emissioni otoa-
custiche transitorie sono state valutate bilateralmente in
532 neonati consecutivi (M:262, F:270; età gestazionale
media: 39,2±2,1 settimane, range: 26-43; peso: 3.240±550
gr, range: 910-4.780). La popolazione esaminata compren-
deva 448 soggetti di controllo e 84 neonati ad elevato
rischio audiologico, secondo i criteri del Joint Committee
on Infant Hearing 1994. Lo screening neonatale delle ipoa-
cusie congenite mediante emissioni otoacustiche transitorie
ha presentato sensibilità 100% e specificità 99,02% con
potere predittivo negativo 100% e potere predittivo posi-
tivo 62,5%. Rispetto ai soggetti di controllo, ad età post-
concezionali comparabili, i neonati con almeno un fattore
di rischio audiologico presentavano: 1. aumentata inci-
denza di Fail-1 (emissioni otoacustiche transitorie assenti
al 1° test: 21,4% vs 9,8%, p=0,004), Fail-2 (emissioni otoa-
custiche transitorie assenti al retesting: 8,64% vs 1,37%,
p=0,0014), falsi-positivi (emissioni otoacustiche transitorie
assenti/onda V presente: 3,7% vs 0,46%, p=0,029) e veri
positivi (emissioni otoacustiche transitorie assenti/onda V
assente: 2,47% o 24,7/1.000 vs 0,22% o 2,2/1.000,
p=0,013); 2. riduzione significativa dell’intensità delle
emissioni otoacustiche transitorie nel range di frequenza
0.7-1 kHz a destra e 1-2 kHz a sinistra. In una regressione
logistica multivariata i seguenti fattori di rischio sono risul-
tati significativamente associati con ipoacusia: ventilazione
meccanica con durata >10 giorni [Odds ratio 14,8; 95%
confidence interval), 4,5-48,8, p<0,000001], ipossia neona-
tale grave (Odds ratio 5,8; 2,1-16,1; p=0,0006) e sommi-
nistrazione di farmaci ototossici (Odds ratio 4,5; 1,4-13,9;
p=0,009). Il presente studio conferma l’elevato livello di
accuratezza dello screening neonatale sistematico delle
ipoacusie congenite mediante analisi delle emissioni otoa-
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Introduction

Hearing loss is to be seen, at present, as the most
common congenital defect 1. The prevalence of medi-
um to severe bilateral sensorineural hearing loss (≥ 50
dB nHL) ranges from 1.2 per 1,000 healthy newborn
infants 2 to 4-5% in high-risk newborns 3. Over 50%
of congenital sensorineural hearing loss is of genetic
origin 4. Given a rate of recessive autosomal neu-
rosensorial hearing loss of 1 per 1,000 live births 5 6,
33-50% of congenital hearing defects cannot be de-
tected in a selective screening based exclusively on
hearing risk criteria 7. Early detection and lowering of
the age at which sensorial intervention techniques are
undertaken are critical for future speech, language
and cognitive development. Newborn infants with
congenital hearing loss should, in fact, be identified
within the first 3 months of life 8, while the average
age at detection is currently 24-30 months 9. Despite
international recommendations 7 9-14, universal neona-
tal screening for congenital hearing loss is not yet
widespread. Otoacoustic emissions (OAEs) describ-
ing the response the cochlea emits in the form of
acoustic energy, are determined by the contractile ac-
tivity of the external ciliate cells and the mechanical
and structural features of the basilar membrane and
are used as objective indicators of cochlear patholo-
gy 15 16. OAEs may be either spontaneous (SOAEs) or
induced by acoustic stimulation (EOAEs) 16. Since the
analysis is reproducible, diagnostically accurate, easy
to perform and minimally invasive, the use of tran-
sient evoked otoacoustic emissions (TEOAEs) is
presently the method of choice for neonatal audiolog-
ical screening both in the general population 1 6 17-22

and in high-risk infants 23. Several modifications have
recently been proposed to improve the quality of cur-
rent TEOAE recording methods 24-26. The use of
neonatal screening via distorsion product analysis
(DPOAE) 16 27 is, instead, still limited or in the pre-
liminary stage 28-30.
In the present study, the TEOAE characteristics of a
population of newborn infants have been evaluated
as a function of the presence/absence of pre- and
perinatal hearing risk factors.

Patients and Methods

The TEOAEs were evaluated bilaterally in 532 con-
secutive newborn infants (262 males, 270 females;
gestational age,  39.2±2.1 weeks (mean ± SD, range

26-43; weight at birth: 3,240±550 g, range 910-
4,780). The population examined comprised 448
control infants and 84 infants at high risk for hearing
loss (Joint Committee on Infant Hearing 1994 crite-
ria) 7 (newborn infant characteristics in the two sub-
populations: Table I). The Joint Committee criteria
include: 1. positive family history of congenital or
preverbal hearing loss; 2. infectious diseases associ-
ated with neurosensorial hearing loss (mother and
child): TORCH infections (toxoplasmosis, syphillis,
German measles, cytomegalovirus, herpes); 3. cran-
iofacial malformations; 4. birth weight below 1500 g;
5. hyperbilirubinaemia requiring exchange transfu-
sion; 6. administration of ototoxic drugs (mother and
child); 7. bacterial meningitis; 8. 1-min Apgar score
0-4; 5-min Apgar score 0-6; 9. assisted ventilation for
5 days; 10. persistent pulmonary hypertension; 11.
signs of a syndrome comprising sensorineural hear-
ing loss; 12. head trauma associated with uncon-
sciousness and basal skull fracture; 13. recurrences
of OMS. Of the 84 high-risk infants, 75 (89.3%) had
been in Neonatal Intensive Care (NIC) and 19
(22.62%) presented more than two risk factors. None
of the infants examined had congenital craniofacial
abnormalities, specific malformation patterns,
TORCH complex infections, bacterial meningitis,
persistent pulmonary hypertension or severe hyper-
bilirubinaemia requiring exchange transfusion. The
TEOAEs were recorded with an ILO292 DP
Echoport OAE Analyzer (Otodynamics Ltd, London,
UK, software vers. 5.0) and click-induced. The
screening programme comprised: 1. 1st test at medi-
an postnatal age of 4 days (interquartile age: 3-5) in
infants born at term or at a postconceptional age of
37-41 weeks in premature infants in NIC; 2. retesting
in cases of lack of response (Fail-1) (fail criteria:
TEOAE reproducibility <50% with n<3 frequencies
with intensity >3 dB SPL with respect to background
noise) within 15-30 days of 1st test; 3. click Audito-
ry Brainstem Response (ABR) testing, associated
with impedence and clinical ORL evaluation, within
1 month of retesting in cases of lack of TEOAEs
(Fail-2) and in all the high-risk infants. Normal hear-
ing was defined on the basis of the presence and ABR
persistence of the V wave, for acoustic stimuli ≥ 30
dB nHL. The infants with documented hearing de-
fects (TEOAEs absent/V wave absent on ABR) un-
derwent further evaluation and implementation of the
sensorial activation programme 31. All the infants
with TEOAEs present and those with TEOAEs ab-
sent/V wave present were further evaluated at 6-7

neonatal hearing screening based on recording Transient
Evoked Otoacoustic Emissions. These data stress the impor-
tance of the risk factors for hearing loss, including prolonged
assisted ventilation, ototoxic drugs, and severe birth asphyxia.

custiche transitorie. I risultati sottolineano l’importanza dei
fattori di rischio audiologico, in particolare ventilazione
meccanica prolungata, somministrazione di farmaci ototos-
sici e ipossia neonatale grave.



Fig. 1. Abnormal TEOAEs (Transient Evoked Otoacoustic Emissions) on 1st test in high-risk newborn infants (JCIH 1994 criteria)7.
(Data calculated from responses of first test; dots are mean values and vertical bars represent standard median error (SME).
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months of age using the Health Visitor Distraction
test 32.

Results

Of the 532 infants undergoing the 1st test (postcon-
ceptional ages comparable in the two subpopulations,
Table I), the TEOAEs were absent (Fail-1) in 62
(11.65%). Of the 517 newborn infants (97.2% of the
initial population) who completed the re-evaluation,
13 (2.51%) were still TEOAE negative (Fail-2). Two
infants (0.38% or 3.8 per 1,000 live births) were de-
tected with monolateral neurosensorial hearing loss
(medium to severe) and one infant (0.19% or 1.9 in
1,000 live births) with bilateral hearing loss with a
superimposed transmission component of medium
severity. The three infants presenting loss of hearing,
monolateral in 2 and bilateral in 1, respectively, pre-

sented risk factors number 4,6,8,9 (monolateral cas-
es) and 4,8,9 (bilateral case). No false negatives
(TEOAEs present, V wave absent) 33 34 have, as yet,
been detected. Overall, neonatal screening showed a
sensitivity of 100% and a specificity of 99.02%, with
negative and positive predictive values, respectively,
of 100% and 62.5%. Compared with the control in-
fants at comparable postconceptional ages, the in-
fants with at least one audiological risk factor
showed: 1. increased rates of Fail-1 (TEOAEs absent
on 1st test: 21.4% vs 9.8%, p=0.004), Fail-2
(TEOAEs absent on retesting: 8.64% vs 1.37%,
p=0.0014), false positives (TEOAEs absent/V wave
present: 3.7% vs 0.46%, p=0.029) and true positives
(TEOAEs absent/V wave absent: 2.47% or 24.7 per
1,000 live births vs 0.22% or 2.2 per 1,000 live
births, p=0.013); 2. significant reduction in TEOAE
intensity in the 0.7-1 kHz (right) and 1-2 kHz (left)
frequency ranges (Fig. 1). Multivariate logistic re-

Table I. Characteristics of two neonatal subpopulations (low- vs high-risk, JCIH 1994 criteria)7 that underwent hearing screen-
ing by Transient Evoked Otoacoustic Emissions (TEOAEs).

Characteristics Low risk High risk p

N 448 84
M:F 222:226 40:44 ns
Multiple pregnancy, n (%) 5 (1.1%) 14 (16.6%) >0.001
Caesarean section, n (%) 120 (26.8%) 37 (44.0%) 0.002
Gestational age (weeks) 39.6±1.3 36.9±3.5 <0.001
Postconceptional age (weeks), 1st TEOAE 40.43±3.1 39.8±5.2 ns
Birth weight (g) 3,338±435 2,227±807 <0.001
Apgar, 1st min. 8.8±1.4 6.7±2.8 <0.001
Apgar, 5th min. 9.8±0.5 8.9±1.4 <0.001

ns: not significant.
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gression analysis showed that the following risk fac-
tors were significantly associated with loss of hear-
ing: assisted ventilation lasting >10 days [Odds ratio
(OR) 14.8; 95% confidence interval (CI), 4.5-48.8,
p<0.000001], severe birth asphyxia (OR 5.8; 95%
CI; 2.1-16.1; p=0.0006) and administration of oto-
toxic drugs (OR 4.5; 95% CI, 1.4-13.9; p=0.009).

Discussion

The present study confirms the great accuracy of
neonatal screening for congenital hearing loss by
means of TEOAE analysis, despite the fact that the
possibility of false negatives (hearing neuropathy)
14 33 must always be considered. The low frequency
of TEOAEs detectable in the high-risk subpopula-
tion confirms data in the literature 35. Possible ex-
planations include cochlear immaturity in premature
infants 36 37 and middle ear with effusion secondary
to prolonged naso-tracheal intubation 38. The results
stress the importance of audiological risk factors, in
particular of prolonged assisted ventilation, the ad-

ministration of ototoxic drugs and severe birth as-
phyxia. The prevalence of congenital loss of hearing
was 11.2 times higher in the high-risk subpopulation
compared to the control group (24.7 per 1,000 live
births vs 2.2 per 1,000 live births). Data in the liter-
ature have reported a prevalence of neurosensorial
hearing defects from 4.4-7.1 up to 50 times greater
in premature infants in NIC 32 39. The high rate of
sensorineural hearing damage in these risk cate-
gories has been attributed to a combination of 1.
cochlear immaturity 36 37, 2. hypoxia-acidosis 40, 3.
prolonged exposure to acoustic trauma 41 and 4. oto-
toxic drugs 42. Results of the study further demon-
strate, in the recordable responses of the high-risk
population, a reduced range of TEOAE response. It
is unknown whether the abnormalities indicated,
hypothetically connected with damage to the
cochlear site (0.7/1.0-2 kHz), are caused by a tem-
porary or permanent lesion. Overall, the data con-
firm the feasibility of universal screening for con-
genital hearing loss ≥ 30 dB nHL and demonstrate
the importance of the data that may be obtained via
TEOAEs in high-risk infants.
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