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Newborn hearing screening in the Campania region
(Italy): early language and perceptual outcomes
of infants with permanent hearing loss
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SUMMARY

Hearing loss in children causes a deficit in early perceptive and language skills. The objective of this study was to evaluate early receptive
and expressive language outcomes in children with hearing loss, identified by hearing screening, compared to the time of diagnosis. We
studied 18 severely hearing impaired children who were divided into two groups according to the time of diagnosis. Evaluation of com-
municative language ability was carried out at 18 month of age using the “MacArthur Child Development Inventory” questionnaire, while
evaluation of acoustic-perceptual abilities was assessed with the Genovese-Arslan protocol every three months following diagnosis. The
linguistic communicative and acoustic-perceptual outcomes of hearing impaired children diagnosed before 6 months of age followed those
expected for normally hearing children, with a trend of temporal progression of skills that were faster than those of children diagnosed after
6 months of age.
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RIASSUNTO

L’ipoacusia neurosensoriale nel bambino é una delle principali cause del mancato sviluppo delle prime competenze percettivo linguistiche.
Lo scopo di questo studio ¢ quello di valutare lo sviluppo linguistico recettivo ed espressivo nei bambini con disturbi permanenti dell’udito,
identificati attraverso un percorso di screening uditivo, in base all’epoca di diagnosi. Abbiamo studiato 18 bambini con ipoacusia neuro-
sensoriale grave che sono stati divisi in due gruppi in base all’epoca di diagnosi. La valutazione delle abilita comunicativo linguistiche ¢
stata effettuata all’eta di 18 mesi, attraverso la somministrazione del questionario “MacArthur Child Development Inventory”; mentre la
valutazione delle competenze acustico percettive é stata condotta con somministrazione del protocollo Genovese-Arslan, ogni tre mesi a
partire dalla diagnosi. Lo sviluppo delle abilita comunicativo-linguistiche ed acustico-percettive dei bambini ipoacusici diagnosticati entro
i 6 mesi dalla nascita é sovrapponibile a quello dei bambini normoacusici di pari eta, con un trend di progressione temporale, rispetto ad
alcune di queste competenze, pin rapido di quello dei bambini ipoacusici diagnosticati dopo i 6 mesi.
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Introduction ing programmes for permanent hearing disorders** in
order to identify the majority of children with binaural
hearing loss in a very stage of life, no later than 3-4
months after birth, so that the rehabilitative process can
be started immediately, and no later than 6 months, i.e.
during the period of greatest brain plasticity (Ameri-
can Academy of Pediatrics, Joint Committee on Infant

Hearing 2007)°.

Congenital deafness is one of the most common disabil-
ities in children with an incidence of about 1.2-1.5 per
1,000 births, becoming about 2 per 1,000 in school chil-
dren. If we consider the population at highest risk, such
as children hospitalized in neonatal intensive care units
(NICU) or those with a family history of hearing loss, the
incidence can be 10-20 times greater ' 2.

Over the past decade there has been a widespread con-
sensus in favour of universal newborn hearing screen-
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Studies in the literature ® have shown that the sooner prop-
er acoustic-perceptual feedback is restored, the lower the




gap between performances of a hearing impaired child
and those of a child with normal hearing considering com-
municative and cognitive-linguistic-relational skills’3.

To enable a hearing impaired child to acquire appropriate
verbal patterns of perception that are not different from
those of normally hearing child, it is essential to restore
a suitable threshold of hearing through the immediate ap-
plication of a hearing aid®'°.

This work is a prospective longitudinal study of acous-
tic and cognitive linguistic skills in a sample of profound
hearing impaired children belonging to the Campania
programme of neonatal audiological screening, in rela-
tion to early detection of hearing loss and early inclusion
in rehabilitation therapy.

Materials and methods

Newborn hearing screening

In the Campania region, a programme of universal new-
born hearing screening structured on three levels was
started in 2006: the first level is represented by birth
points, the neonatal intensive care unit (NICU) and the
neonatal department of pathology, and the second by
the ENT and audiology departments of hospitals in the
Campania Region. The third level is the Regional Ref-
erence Center (RRC), located at the functional area of
Audiology of the University Hospital “Federico II”” in
Naples.

In this structure, diagnosis of hearing impairment is
confirmed, aetiologic diagnostic tests are performed !,
a hearing aid device is selected, rehabilitation treatment
is initiated and a periodic monitoring of the development
of auditory perception and language and communication
skills is performed.

From June 2006 to September 2011, 262,267 babies were
examined. Of these, 259 were identified as affected by
bilateral sensorineural hearing loss, 36 as affected by mo-
no-lateral sensorineural hearing loss and 7 as affected by
conductive hearing loss.

Patient selection and clinical evaluation

A group of 18 unrelated subjects (age range: 6-29 months)
attending the Audiology Unit, Department of Neurosci-
ence, University of Naples “Federico II”, diagnosed be-
tween March 2006 and December 2007, was enrolled in
this study. Medical history and pedigree information were
obtained from parents to verify that hearing loss did not
result from such acquired environmental factors as infec-
tion, trauma, acoustic trauma or ototoxic drugs, to evalu-
ate the type of transmission of hearing loss and to exclude
a syndromic form of hearing impairment. To evaluate
hearing loss, all selected patients, according to interna-
tional standards >, underwent TEAOE, ABR, tympa-
nometry and acoustic reflex, which are without risk, fast,
easy to perform, highly sensitive and specific. For ABR
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recordings, a replicable waveform at 30 dB nHL within

the expected latencies was considered ‘normal’. The 18

subjects enrolled were all affected by bilateral sensorineu-

ral hearing loss (SNHL) with a replicable waveform at
70-80dB nHL.

The sample was divided into two groups according to the

time of diagnostic confirmation of hearing loss:

e group 1: 12 patients with a diagnosis before or within
6 months of age;

e group 2: 6 patients with a diagnosis between months
7-11 of age.

The sample had the following characteristics:

» all patients are carriers of conventional hearing aids,
continuously used since diagnosis of hearing loss;

¢ lack of disease associated with deafness (without dis-
abilities);

e cultural level of families: average (parents possess a
high school diploma);

* rehabilitation: All patients had regular counseling ses-
sions with audio-speech therapists, within the Audiol-
ogy service and based on the principles of the audio-
verbal methodology, from diagnosis to inclusion in a
rehabilitation program on a local circuit.

Follow-up (3, 6, 9, 12, 18 months from the application

of the hearing aid device) was performed to monitor per-

ceptual abilities. All patients, at 18 months of chronologi-
cal age, were evaluated to compare the development of
the first communicative and linguistic skills using of the

MacArthur questionnaire — “Gestures and Words”, both

receptive and impressive.

The family was actively involved (parent training) in

stimulation training.

The evaluation of communicative language ability was

carried out through administration of the “MacArthur

Child Development Inventory” questionnaire —” Gestures

and Words”, and the results were compared with norma-

tive values of the test®.

This questionnaire evaluates the development of recep-

tive and expressive vocabulary in children from 9 to 18

months of age by computing the number of words under-

stood and produced. It is administered by parents.

The evaluation of acoustic-perceptual abilities was car-

ried out using the Genovese-Arslan protocol at 3, 6, 12

and 18 months after fitting of a hearing aid 1*.

This test classifies the perceptual skills of children in 6

categories (Moog & Geers categories):

* category 0: no detection of words;

* category 1: no perception of verbal patterns;

e category 2: perception of verbal patterns;

e category 3: first perception of words;

» category 4: identification of words by recognition of
vowels;

e category 5: identification of words by recognition of
consonants;

* category 6: identification of words in open sets.
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Table 1. Time of progress in perceptual skills in group .

Time after application of hearing aid device

Perception’s 3 months (n = 12)

6 months (n = 11)

12 months (n = 5) 18 months (n = 6)

categories
1 11 (92%) 1(9%)
2 1 (8%) 10 (91%)
3 5 (100%) 2 (33%)
4 3 (50%)
5 1(17%)
6
Table Il. Time of progress in perceptual skills in group Il.
Time after application of hearing aid device
Perception’s 3 months 6 months 12 months 18 months
categories (n=6) (n=6) (n=5) (n=3)
1 2 (34%)
2 4 (66%) 3 (50%)
3 3 (50%) 4 (80%) 2 (67%)
4
5 1 (20%) 1 (33%)
Results months (9 + 2): at 3 months, 60% of children fell in the

Evaluation of acoustic perceptual abilities

At 3 months after hearing aid first fit, 92% of children
fell into the first category of perception; at 6 months, 91%
of children fell into the second category of perception; at
12 months, 100% of children fell in a third category of
perception and at 18 months, 50% of patients fell in the
fourth category of perception.

Thus, in group I, a linear and constant growth profile of
the investigated skills was seen (Table I). In the group
of patients with hearing aid first fit between 7 and 11

second perceptual category; at 6 months, 50% of chil-
dren are split over the second one and the remaining
50% in the third category of perception; at 12 months,
80% of children fell in the third category of perception;
and finally, at 18 months, only 67% were in the third
category and 33% fell in the fifth category of percep-
tion.

In this second group, it therefore is evident that there is
a linear growth profile as above, but with slower pro-
gression (Table II). Patients in the second group, at three
months, fell in higher categories of perception because
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Fig. 1. Number of words understood and produced in Groups | and Il at 18 months compared to normative data.
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of longer exposure time to language than the first group
(greater chronological age).

Evaluation of development in language abilities

Through the administration of the MacArthur question-
naire, in the two groups of hearing impaired patients, it
can observed that the average number of words under-
stood by patients in the first group (with a diagnosis be-
fore 6 months) is 150 = 90 words, which is at the 50"
percentile compared with normative values of the test
(Fig. 1).With regard to expressive language, the average
number of words produced is 21 + 11; which is between
the 25" and the 50™ percentile.

The average number of words understood by patients in
group II (with a diagnosis between 7 and 11 months) is
80 + 40 words, which is between the 25" and the 50" per-
centile compared with normative values of the test. With
regard to expressive language, the average number of
words produced was 9 + 6; which is at the 10th percentile
compared with normative values.

Discussion and conclusions

The purpose of this study was to confirm the hypothesis
that the time of diagnosis and consequently hearing aid
first fit have a significant impact on the language skills in
children with severe bilateral neurosensorial hearing loss.
In particular, our data demonstrate that the perceptual
abilities of hearing impaired children diagnosed before
6 months of age follow values that are similar to those
expected for normally hearing children of an equivalent
chronological age, with a trend of temporal progression
faster than the group diagnosed later.

Moreover, restoring acoustic feedback has an important
impact on language development, and in particular on vo-
cabulary skills. In fact, children in Group I at 18 months
of chronological age had a normal receptive and expres-
sive vocabulary development (> 25" percentile), while the
second group had poorer performance.

These results confirm the importance, in a neonatal hear-
ing screening programme, of early diagnosis, followed by
the immediate rehabilitation with hearing aids through
speech therapy and family !4,

The data in this study, however, should be considered pre-
liminary to a larger one that will analyze the development
of linguistic, perceptual and curricular skills, related to
hearing impaired, in children identified through the Neo-
natal Auditory Screening Program of the Campania region.
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