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If all degrees of permanent uni- or bilateral hypoacusis are
taken into consideration, hearing impairment is the most
common congenital disease. Early detection of permanent
infantile hearing impairment has become extremely impor-
tant in preventive medicine, since steps can be taken with
hearing aids and rehabilitation to ensure better develop-
ment of language and higher cognitive functions. Aim of
this study is to provide a critical review of the time of diag-
nosis of hypoacusis at our audiology laboratory, where two
methods were used to screen hearing of children
with/without risk indicators. Results of approximately 10
years’ work were re-examined during which time outpa-
tient screening was conducted on children referred by
colleagues in neonatology and paediatrics. All were carriers
of congenital risk indicators associated with sensorineural
and/or conductive hearing loss, based on the Joint
Committee on Infant Hearing findings, or were suspected
of being hypoacusic even if they had no known congenital
risk factors. Hearing screening was conducted in hospital
on newborns with no risk factors, within the first few days
of birth. Results of the present study showed that when
selective hearing screening was performed, the mean age
of high-risk patients diagnosed with hypoacusis was slightly
higher than that in international guidelines. Moreover, these
patients represent approximately half the hypoacusic popu-
lation identified in the study period. The other half of
congenital hypoacusic subjects identified had no risk indi-
cators and there was a significant delay in diagnosis due
to later manifestation of symptoms indicating hypoacusis,
and thus, in turn, delayed referral for hearing tests. In
contrast, subjects without risk indicators who underwent
in-hospital hearing screening and proved to be hypoacusic,
were diagnosed early. In our experience, however, universal
screening has considerable disadvantages, such as difficulty
in covering the entire population, difficulty in follow-up
after discharge from hospital, and last, but by no means
least, significant organisational and professional commit-
ments, making it impossible to perform in all hospitals. In
order to ensure effective hearing screening for congenital
hearing loss and, thus permit prompt identification of
hypoacusic children, use of hearing aids and rehabilitation
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La sordita presenta la maggiore incidenza fra le malattie con-
genite qualora si consideri ogni grado di ipoacusia permanen-
te mono o bilaterale. La diagnosi precoce della sordita perma-
nente infantile riveste oggi grande importanza nell'ambito del-
la medicina preventiva poiché consente, per mezzo di opportu-
ne procedure di protesizzazione e di riabilitazione un migliore
sviluppo del linguaggio e delle funzioni cognitive superiori. Lo
scopo di questo lavoro é stato quello di effettuare una revisio-
ne critica dell'epoca della diagnosi di ipoacusia nel nostro la-
boratorio di audiologia ove sono state eseguite due modalita
di screening audiologico su bambini con e senza indicatori di
rischio. Sono stati riesaminati i risultati di circa dieci anni di
attivita in cui sono stati sottoposti a screening audiologico am-
bulatoriale i soggetti inviati dai colleghi neonatologi e pedia-
tri in quanto portatori di indicatori di rischio congeniti asso-
ciati ad ipoacusia neurosensoriale e/o trasmissiva secondo il
Joint Committee on Infant Hearing o perché, pur in assenza di
fattori di rischio congeniti noti, sospettati di essere ipoacusici.
Lo screening audiologico su soggetti esenti da indicatori di ri-
schio e stato condotto in regime ospedaliero sui neonati privi
di fattori di rischio, entro i primi giorni di vita. I risultati del
nostro studio hanno evidenziato che qualora si esegua uno
screening audiologico selettivo l'eta media di identificazione
dell'ipoacusia nei soggetti a rischio ¢ moderatamente superio-
re a quella auspicata dalle linee guida internazionali e che
questi ultimi rappresentano circa la meta della popolazione
ipoacusica identificata nel periodo di studio. L'altra meta dei
soggetti ipoacusici congeniti identificati era priva di indicato-
ri di rischio ed é stata riconosciuta con un ritardo diagnostico
significativo. Tale ritardo ¢ da attribuire alla manifestazione
tardiva dei sintomi che possono fare sospettare l'ipoacusia ed
al ritardo quindi nell'invio alla valutazione audiologica. I sog-
getti risultati ipoacusici sottoposti a screening audiologico
neonatale ospedaliero esenti da indicatori di rischio, al con-
trario, vengono diagnosticati tempestivamente ma nella nostra
esperienza lo screening con intento universale presenta alcuni
seri svantaggi come la difficolta di copertura di tutta la popo-
lazione, la difficolta del follow-up dopo la dimissione ospeda-
liera ed infine il notevole impegno organizzativo e professio-
nale che lo rendono non applicabile in tutte le realta ospeda-
liere. Affinché lo screening audiologico delle ipoacusie conge-
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screening should incorporate two aspects. First, selection
should be compulsory, thereby reducing waiting time
between collecting case histories and performing outpatient
tests; second, hospital screening of children without risk
factors should be performed whenever possible. Integrating
these two aspects would make it possible to approach the
“utopia” of universal hearing screening.

Introduction

Hearing impairment is the most common congenital
disease (3-5.9%o) if all degrees of permanent uni- or
bilateral hypoacusis are taken into consideration '
Early diagnosis of permanent hearing loss in infants
is of great importance in terms of preventive medi-
cine. It has been proven that timely prosthetic treat-
ment and rehabilitation influence the future of the
hypoacusic subject in terms of language develop-
ment, psychological balance, as well as school and
social integration %!3, With the use of a suitable hear-
ing aid, within the first 6 months, these infants can
acquire language and verbal communication skills
comparable to those of normal-hearing children of
the same age . Together with early rehabilitation,
these children can develop capabilities superior to
those of children of the same age with the same de-
gree of hypoacusis, but who were diagnosed and re-
habilitated at a later stage ' . It has also been shown
that, in addition to early diagnosis and rehabilitation,
positive involvement of the family of the hypoacusic
child contributes to better language acquisition. In-
versely, inadequate family participation always leads
to a significant delay in language acquisition °.
Therefore, one must assume that these four combined
factors — early detection, hearing aids, rehabilitation
and family support — can prevent hearing impairment
from becoming a disability or handicap '"-"°.
Currently, in areas without universal hospital screen-
ing programmes, the detection of permanent congen-
ital infantile hearing loss occurs in subjects with no
risk factors at an average age of 20 to 58 months %;
hearing tests begin at the age of 4 to 10 months in
profound hearing loss, 6 to 17 months in severe cas-
es, and 9 to 42 months for moderate degrees of hy-
poacusis 192!,

Aim of this study is to provide a critical review of the
time of diagnosis of hypoacusis at our audiology lab-
oratory.

Materials and methods
Results of infant audiology diagnoses made in our In-

stitute between 1* January 1990 and 31* December
2001 were examined. Selective hearing screening

nite sia efficace, ovvero consenta di identificare, protesizzare e
riabilitare tempestivamente i bambini ipoacusici, dovrebbe in-
tegrare a nostro avviso due aspetti: essere obbligatoriamente
selettivo, abbreviando i tempi di attesa tra la raccolta dell'a-
namnesi e l'esecuzione degli esami ambulatoriali, ed essere
completato nella maggior misura possibile dallo screening
ospedaliero sui bambini esenti da fattori di rischio. L'integra-
zione tra questi due aspetti potra consentire di raggiungere
l'apparente utopia dello screening audiologico universale.

was conducted on a group of subjects, referred by
colleagues in neonatology and paediatrics, showing
audiological risk indicators that were either congeni-
tal or associated with sensorineural and/or conduc-
tive hearing loss based on the classification drawn up
by the Joint Committee on Infant Hearing 2224,

We simplified and modified this classification to
make the procedure easier. Therefore, the group of
subjects with congenital risk indicators included
those presenting these characteristics at birth and
from birth to 28 days, and those with syndromic
forms detectable between the ages of 29 days to 2
years 222,

We then identified a second group of subjects, de-
fined as carriers of acquired risk indicators, i.e., chil-
dren ranging in age from 29 days and 2 years with
risk indicators associated with sensorineural and/or
conductive hypoacusis, based on the JCIH classifica-
tion 23, This group differs from that proposed by the
above-mentioned source * since it excludes two risk
indicators. The first (syndromic lesions), as previous-
ly mentioned, was included in the group of subjects
with congenital risk indicators, whereas the second
was considered as a separate group, since it com-
prised subjects with no risk indicators referred to the
audiology laboratory with suspected hypoacusis, de-
layed speech, and/or delayed psychophysical devel-
opment. In all these patients, both the case history
and clinical examination made it possible a posteri-
ori to exclude the presence of any congenital or ac-
quired risk indicators, thus eliminating any doubts
vis-a-vis possible mistaken inclusion of these pa-
tients in the group. Therefore, the cause of hypoacu-
sis in these patients remained unknown.

All patients underwent clinical evaluation and testing
of auditory brainstem response (ABR) using Amplaid
Mk 15 equipment to mark the threshold. In cases pre-
senting an altered pattern compared to the intensity-
latency function of J5 in our reference data, we per-
formed complete hearing tests according to NIH in-
dications Z. Variation from normative data was con-
sidered as such when the recorded value differed
from the expected value by more than one standard
deviation from the mean, or when a latency value of
J5 showed an increased threshold, even though it was
within the normal range at the higher intensities. The
ABR threshold was defined as normal when the re-
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sponse was clearly identifiable up to the acoustic
stimulation intensity of 20 dB nHL (where nHL
stands for the normalisation of the click threshold in
a group of adults with normal hearing). The absence
of J5 at the maximum intensities of acoustic stimuli
(130 dB SPL) showed severe/profound hearing loss
in the range of frequencies examined by the method
(2-4 kHz) .

We then assessed the results of universal hearing
screening performed on a second group of subjects
with no risk factors, using transient evoked otoa-
coustic emissions (TEOAE). In this case, we fol-
lowed a two-stage procedure: TEOAE at birth and, in
cases showing no response, ABR testing within the
age of 3 months; complete hearing testing followed if
the suspicion of hypoacusis was confirmed. Between
January 1999 and March 2001, 2,425 full-term new-
borns were tested at the Newborn Centre. From 1%
January 1999 to 8 May 2000, 1,543 newborns with
no risk factors underwent TEOAE testing using
quickscreen Otodynamic ILO88-92 equipment with-
in the 4 days of birth. Subsequently, between 9" May
2000 and 23" March 2001, 882 newborns were test-
ed using automatic equipment (Madsen Echoscreen).
TEOAE, in one ear only, was considered sufficient as
a “pass” criterion "8, and the test was stopped after
unilateral presence was detected.

ABR tests were performed using an Amplaid MK 15
auditory evoked potential system. The signals were
recorded using miniaturised Beckman-type silver
chloride electrodes applied to the crown (active elec-
trode), the mastoid processes (detector electrode) and
the contralateral mastoid (earthing electrode). First,
the infant’s skin was thoroughly cleansed with alco-
hol to reduce impedance of the electrodes to at least
3 kOhms. The stimuli used were 2,048 alternating
polarity clicks generated by rectangular electrical im-
pulses with a duration of 0.1 msec, sent through a
TDH 49 cap at a rate of 21 stimuli per second at an
initial intensity of 60 dB SPL p.e. This intensity was
increased or decreased in 10 dB steps, depending on
the presence or absence of a response. The signal was
filtered using an analogue bandpass filter (20-2000
Hz-3 dB; 6 dB per octave band). The time of analy-
sis was 15 msec. The patterns were viewed on an os-
cilloscope and recorded on an analogue plotter. The
test was repeated at least three times in order to as-
sess intra-individual variability.

The electrical impulse used by the ILO88-92 is rec-
tangular, lasting 80 us and sent at a frequency of 50
pps (80 pps in quickscreen) via a Knowles 1712
transducer inserted in a newborn-size probe together
with a Knowles 1843 microphone, which can record
the signal in the external auditory canal. Each click is
separated from the following by an interval of 12 ms
and has a spectral response of 600 to 5000 Hz. The
amplitude of the electrical click that reaches the
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transducer in the probe is reduced by about 20 dB in
the neonatal type. The stimulation paradigm used is
the non-linear differential type (multiplexing), in
which a train of stimuli is composed of 3 impulses in
compression of equal amplitude, followed by a rar-
efaction impulse 3 times the intensity of the 3 previ-
ous impulses (1, 1, 1, -3) %. The total number of stim-
uli sent is calculated considering that the sample used
is made up of two trains of 4 clicks and that the re-
sponses to the first train are recorded on pattern A,
and the responses to the second on pattern B. The fi-
nal result is the mean of 520 trains of alternating
stimuli accepted in two sub-means. The two patterns,
A and B, are projected onto the screen with a 2.5-12
ms analysis window. The extent of overlap of the two
patterns is an index of test reproducibility, expressed
as a percentage.

At our laboratory, 70% *° is the minimum required
overall correlation rate for considering the presence
of a response, because this value has been shown to
increase the effectiveness of the method '.

At the standard setting, the ILOS88 supplies an
acoustic stimulus intensity of 75 to 85 dB p.e. SPL*.
In accordance with the response acceptance criteria
of the National Consortium, a TEOAE response is
considered present if it can be reproduced or has an
acceptable margin for at least 3 of the 4 frequency
bands centred at 1600, 2400, 3200 and 4000 Hz 33.
The second piece of equipment used, the Madsen
Echoscreen, is automatic and does not require an op-
erator to interpret the pattern. A binomial statistical
calculation is applied to each sample point of the re-
sponse in the time interval of 6 to 12 ms. Four con-
secutive positive and negative peaks exceeding the
value of 3%, in a random distribution are considered
a “pass” (99.9% significance for each peak).

Results

During the above-mentioned period, 1,059 preschool
children were assessed as outpatients; 717 (67.7%)
were from Group 1 (congenital audiological risk in-
dicators), 56 (5.7%) from Group 2 (acquired risk in-
dicators), and 286 (27%) from Group 3 (no risk indi-
cators). Of the 717 with congenital risk indicators, 68
(9.5%) showed hypoacusis. Of these, 26 (3.6%) had
severe-profound bilateral hearing loss, 20 (2.8%) had
unilateral hearing loss [profound in 6 (0.8%) and
moderate-severe in 14 (1.9%)], and 22 (3.1%) had
moderate-severe bilateral hypoacusis. The mean age
at diagnosis of the 68 affected children was 10.1 + 6.9
months (min. 1 month — max. 3.5 years).

Of the 56 children in Group 2, 4 (7.1%) had profound
bilateral hearing loss, whereas the others had normal
hearing. For these children, it was not considered
necessary to calculate the mean age at diagnosis of
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hypoacusis, since the time at which the tests were  indicators, either congenital or acquired — comprised
carried out was obviously determined by the onset of 286 individuals, of whom 35 (12.2%) were found to
the acquired risk indicator. be hypoacusic: 8 (2.8%) had profound bilateral hear-
Table I shows the number of children audiologically  ing loss, 12 (4.2%) had unilateral hearing loss (pro-
at risk for each factor identified, next to the number found in 8 cases and moderate-severe in 4), and 15
of children who were effectively found to be hypoa-  (5.2%) had moderate-severe bilateral sensorineural
cusic and the cause of hypoacusis. hypoacusis. For this group, the mean age at diagno-
Group 3 — children with no known audiological risk  sis was 32.3 £ 13.5 months, with a minimum of 14

Table I. Number of children audiologically at risk for each factor identified.

Newborn audiological risk factors (0-28 days) (JCIH, 1990, 1994, 2000)

Number of children Hearing loss

Intra-uterine infections

Cytomegalovirus 15 2A

Toxoplasmosis 11 1B

German measles 5 1A
Cranio-facial abnormalities

Cleft lip and palate 13 1A+2B

Auricular malformations 25 1C

Aural atresia 4 4D

Hydrocephalus 5 1A+1D

Various 26 1A+1B+1C
Family history of infantile sensorineural hypoacusis 51 3A
Low birth weight (< 1500 g) 83 7A+1B+3D
Disorders usually associated with sensorineural and/or conductive hypoacusis

Trisomy 8 1 1A

Trisomy 21 61 3A+4B

Hypothyroidism 4 1C+1D
Severe dysfunction at birth

Hypotonia 2 1A

Hypertonia 5 1B

Foetal alcohol syndrome 1 1B
Jaundice 26 4B

Hospitalisation NICU >48 hours

Premature birth 299 4A+7B+3C+5D
Respiratory distress 73 1A
Dystocia 7

Postnatal audiological risk factors (29 days-2 years) (JCIH, 1990, 1994, 2000)

Postnatal infections associated with sensorineural hypoacusis

Bacterial meningitis 45 3A
Chicken pox 1

Recurrent or persistent otitis media 5

Cranial trauma 5 1A

Legend. A: profound bilateral hearing loss; B: moderate-severe bilateral hearing loss; C: profound unilateral hearing loss; D: moderate-
severe unilateral hearing loss.




months and a maximum of 5 years. Mean age at di-
agnosis of profound bilateral hearing loss was 28.7 +
15.3 months (min. 16 months — max. 5 years), for
unilateral hearing loss 36.5 + 15.2 months (min. 14
months — max. 5 years), and for moderate-severe bi-
lateral hearing loss 31.1 + 10.9 months (min. 16
months — max. 4 years).

With regard to the application of newborn screening
criteria in infants with no risk factors in the first pe-
riod (ILO88-92 quickscreen), 1543 (94.2%) new-
borns were assessed out of a total of 1637 births:
1405 (91%) were classed as “pass” (monoaural crite-
ria) and 138 (8.9%) were “refer” (absence of binaur-
al response). When checking the 138 “refer” infants
3 months later, 107 (77.5%) were found to be “pass”,
7 (5%) were classified as “fail”, and 24 (17.4%) were
classified as “missed”.

In the second study period (Madsen Echoscreen), 882
infants (72.4%) were assessed out of a total of 1218
births: 793 (89.9%) were found to be “pass”, whereas
89 (10.1%) were found to be “refer”. Three months
later, 18 infants (20.2%) were found to be “missed”;
of the remaining 71 who were reassessed, 66 (74.1%)
were classified as “pass” and 5 (5.6%) as “fail”.
Lastly, complete hearing testing revealed 12 “fails”
at the age of 3 months, out of the total of the two pe-
riods: bilateral sensorineural hypoacusis requiring a
hearing aid was identified in 2 cases, whereas the
other infants had unilateral hypoacusis that did not
require prosthetic treatment.

Discussion and conclusions

The review of our case histories has highlighted a
topic worthy of consideration: although hearing
screening seems to be accepted unanimously and is
strongly recommended in the international litera-
ture 242335 it is still not widely used in daily clin-
ical practice. It has been confirmed that certain
newborns with a high risk of hypoacusis can be di-
agnosed on the basis of easily detectable preset cri-
teria by examining their auditory threshold * How-
ever, diagnostic procedures can also be applied to
the entire newborn population for early identification
of hypoacusic infants with no risk factors .

Our results clearly suggest that selective hearing
screening allows us to confirm hypoacusis in carriers
of known congenital audiological risk indicators
(Group 1) at a slightly higher average age than that
recommended in international guidelines *. Even
though the majority of these infants are promptly de-
tected, the significant delay with which some infants
are assessed has considerably shifted the mean age at
diagnosis. The possible reasons for this delay can be
attributed in part to concomitant diseases that over-
shadowed the problem of possible hypoacusis, and in
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part to incorrect information given to parents or to
the lack of support shown by them ¥. Unlike Group
3, for Group 1, it was not deemed unnecessary to di-
vide the mean age at diagnosis into sub-groups ac-
cording to the degree of hypoacusis. This is because
the infants were referred for screening since the risk
factor was already known, as it was present at birth -
and not because hypoacusis was suspected. There-
fore, it is clear that, in this case, there is no correla-
tion between the extent of hearing impairment and
the time at which it was diagnosed.

In Group 2 (acquired risk indicators), detection was
rapid in cases brought to our attention on account of
the triggering event. In fact, all the patients in our
case history were assessed within a short time of oc-
currence of the acquired risk factor. We have no data
concerning the number of patients who may poten-
tially have been exposed to the acquired risk and
were not brought in for assessment.

In patients without risk indicators (Group 3), the de-
lay in diagnosis was significantly greater compared
to Group 1. On average, suspected hypoacusis was
confirmed at about 2 years of age in the profound bi-
lateral forms, or even at the age of 3 in the unilateral
forms, whereas intermediate time spans were record-
ed for moderate-severe forms, similar to those re-
ported in the literature '8. This confirms that the age
at which hypoacusis is diagnosed is correlated with
the degree of hearing impairment 3 %,

The development of language skills is negatively af-
fected by mild and, above all, moderate-severe hy-
poacusis “°#!. In particular, the sensorineural forms
appear to be important from an epidemiological
standpoint due to their insidious nature and the de-
layed suspicion of a problem within the family set-
ting. Aside from the sense of security created by the
absence of risk indicators, this delay is also encour-
aged by the condition described as amodal percep-
tion. This is an innate characteristic in children
whereby they grasp information in a sensory form
and transform it into another one **, creating parent-
child interaction during the first 12 months that is
identical in infants with or without a sensory deficit.
However, amodal perception alone cannot explain
the serious delay in diagnosis observed in some cas-
es, for which other causal factors must thus be cited
(disinformation, socio-economic factors).
Considering that unilateral hypoacusis has far less
impact than the bilateral form, that no early inter-
vention is planned for this type of hypoacusis, and
that the costs involved in detection of the condition,
it is almost the same as that in diagnosing a bilater-
al form, the cost-benefit ratio is debatable in this
case 3. However, the fact that unilateral hearing im-
pairment, in a school-age child, causes problems for
his/her hearing, language and behavioural abilities,
cannot be ignored *. Furthermore, awareness of this
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deficit can aid educators in their task and help the
child learn, since simple procedures can be adopted.
The advantage of universal hearing screening criteria
is that they allow profound hypoacusis to be identi-
fied in patients with no risk factors who could poten-
tially be diagnosed with considerable delay. Good
outcome of the programme depends on when assess-
ment is made and whether it is judged to be a uni- or
bilateral “pass”. Likewise, it depends on the valida-
tion criteria of the response, and on the ability to or-
ganise and plan the follow-up of those patients ac-
cording to the size of the population requiring re-
assessment *’. In fact, as can be seen from our data
and as shown in previous school investigations *°, the
percentage of failure in recording TEOAE and, there-
fore, the number of newborns who are not assessed
during their hospital stay, varies considerably. In the
present series, this ranged from 5.8% in the first pe-
riod to 27.6% in the second; these figures are in
keeping with those reported in the literature . This
variability in the results is reflected in screening cov-
erage, which is one of the key quality indexes.
Screening coverage figures are often downplayed in
the literature, but in known cases they vary from 56-
63% (lowest reported values) to 80-90% (intermedi-
ate values) and to more than 90%, these figures,
nonetheless, never reach 100% “. In some hospitals
at which universal screening is performed, the mini-
mum coverage figure has been set by law at 85% *'.
Well-organised follow-up of children in whom hy-
poacusis is suspected is also crucial. The loss of
children to follow-up testing affects screening effi-
ciency: from a statistical standpoint, there is a high-
er proportion of true positives in the unexamined
population with respect to the population that has
been examined “ 4. Therefore, in the second stage
of the procedure, the children who have not been as-
sessed should not exceed 10% *. Nevertheless, as
shown by our own experience (17.4% in the first pe-
riod and 20.2% in the second) and by that of other
authors ', this is difficult to achieve.

Selective hearing screening, performed by our audi-
ology laboratory, is the reason why approximately
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