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Objectives: to verify the quality indicators of neonatal hearing screening programs, identify the 
most prevalent risk factors for hearing loss and analyze access to the Hearing Health Care Network.

Methods: cross-sectional study using secondary data. The population are children born in public 
maternity hospitals from 2015 to 2019. Data collection was carried out in the database of programs 
and hearing health service. The absolute and relative frequencies of all variables collected and the 
median, the interquartile range and the Mann-Whitney test were calculated to analyze the access.

Results: universality increased during the study period, but was not reached (71.9%; 
CI95%=70.4-73.3) and the referral rate for auditory diagnosis was within the recommended range 
(0.9%; CI95%=0.8-0.9). The most prevalent risk factors were congenital infections and heredity. There 
was an evasion of children to the hearing health service of 85.1% and the type of referral interfered 
with the age of the child at access. Eight children with hearing loss were diagnosed, in which seven had 
access to therapeutic interventions.

Conclusions: hearing screening was not universal. Access to the Hearing Health Care Network 
presents high evasion and interventions were offered to children with hearing loss.
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Introduction

Hearing loss in childhood can cause delays in speech 
and language development, academic performance and 
negatively impact social and emotional aspects.1 The 
World Health Organization considers hearing loss a 
public health problem and estimates that approximately 
34 million children worldwide have this alteration.2 
Actions to prevent, identify and intervene into hearing 
loss are economical and capable of providing benefits to 
individuals.1,2

In Brazil, the Neonatal Hearing Screening (NHS) 
programs aim to identify and intervene early on children 
with hearing loss and must be integrated into the Care 
Network for Persons with Disabilities and maternal 
and child monitoring actions. In all live births, hearing 
screening should be performed in the maternity ward and 
those who have Risk Factor for Hearing Loss (RFHL) or 
who fail, should be referred for monitoring or diagnosis 
at the Hearing Health Services (HHS). After confirmation 
of hearing loss, the child should start monitoring with 
an otolaryngologist and/or hearing rehabilitation, which 
may include the use of electronic devices: PersonalSound 
Amplification Device (PSAD) and Cochlear Implant (CI), 
parallel to speech therapy.3 Programs must evaluate and 
monitor actions related to hearing health, through quality 
indicators.3,4

The identification of RFHI is a very valuable 
information for professionals, as it determines the path 
to be undertaken with NHS and follow-up in the HHS.3 
The main risk factors for hearing loss are permanence in 
the Intensive Care Unit, use of ototoxic medication and 
congenital infections and are among the most prevalent 
in the Brazil.5,6

In the state of Rio Grande do Norte, the NHS 
implementation took place in 2007. In the municipal 
maternity hospitals in the capital, coverage was 80% 
and the prevalence of sensorineural hearing loss was 
0.52 for every 1000 screened in the period from 2007 to 
2009.7 A more recent study found a weighted average of 
municipalities covered by the NHS of only 45.9% in 2017.8

Global hearing health indicates obstacles that impede 
to achieve the quality indicators for a good program, 
such as the distance from the residence to the service, 
the parents’ socioeconomic conditions and the evasion 
of families. The low supply of qualified professionals 
and specialized services interfere with access to hearing 
health services, directly impacting the intervention of 
children with hearing loss.9-11 Therefore, the objective of 
this study was to verify the quality indicators of newborn 
hearing screening programs, identify the most prevalent 
risk factors for hearing loss and analyze access to the 
Hearing Health Care Network for children in the state of 
Rio Grande do Norte.

Methods

This research is part of the study entitled “Evaluation of 
children’s hearing health policy in the state of Rio Grande 
do Norte” approved by the Research Ethics Committee 
of the Onofre Lopes University Hospital of the Federal 
University of Rio Grande do Norte under CAAE number 
25214819.4.0000.5292 on April 29, 2020.

This is a cross-sectional study using secondary data. 
The study sample consisted of 37,180 children born in 
public maternity hospitals. The inclusion criteria were all 
children born in the maternity hospitals selected for the 
study from 2015 to 2019. There was no exclusion criterion.

The maternity hospitals selected were the two 
municipal public maternity hospitals located in Natal, 
capital, and a public maternity hospital located in Santa 
Cruz, a city 120 km from the capital, which were chosen 
because they referred to the same HHS in Natal and 
because they had pioneering programs in the state. The 
HHS is the SUVAG (Portuguese acronym for Guberina’s 
Universal Verbotonal Auditory System) center, which is a 
specialized hearing health care service and serves all age 
groups, with an emphasis on children.

The three programs used Transient Otoacoustic 
Emissions (TOE) as an assessment method, the speech 
therapists performed the screenings in the rooming-in and 
outpatient clinics and presented the same flow of care, in 
which the hearing screening was performed in two stages 
(test and retest) . It was considered “pass” when the child 
had the presence of otoacoustic emissions in both ears and 
“fail” when there was no presence of emissions in one or 
both ears tested. Whenever the test “failure” occurred, a 
retest was scheduled, which took place within a period 
of up to 30 days after the test. In case of failure in the 
retest, the child was referred for auditory diagnosis at the 
HHS. The child who had a RFHL3,12,13 was also referred 
for hearing monitoring at the HHS. Auditory diagnosis 
consists of an assessment to identify hearing loss and 
auditory monitoring consists of periodic assessments to 
identify late and/or progressive hearing loss.

All children referred for monitoring and auditory 
diagnosis at the HHS were attended by four specialties: 
otorhinolaryngology, psychology, social services and 
speech therapy to carry out the auditory assessment, 
which is comprised of anamnesis, behavioral assessment 
(instrumental and audiometry with visual reinforcement), 
measures of acoustic immittance (tympanometry and 
acoustic reflex research) and TOE and Brainstem Auditory 
Evoked Potential (BAEP) and auditory steady state 
response. In cases of confirmed hearing loss, children were 
referred for intervention according to the classification 
of hearing loss and those with indication for surgical 
intervention with the Cochlear Implant were referred to 
another HHS in the network.
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Data collection was carried out in January and 
February 2021 in two stages. In the first step, the following 
were extracted from the database of each program: the 
date of birth, date, result and conduct of the hearing 
screening, RFHL (yes or no and which ones) in the years 
2018 and 2019 and attendance at the HHS (yes or not). 
In the second stage, in the HHS diagnostic sector bank, 
the following were extracted: age of the child at the first 
consultation, conclusion of the auditory evaluation (yes 
or no), result of the auditory evaluation (hearing loss 
or normal hearing) and for cases of confirmation of the 
Hearing loss classification, age at diagnosis, initiation of 
speech therapy (yes or no), hearing aid use (yes or no) 
and CI implantation (yes or no) and implant laterality 
(unilateral or bilateral).

The RFHL considered were altered apgar, arbovirus 
during pregnancy, craniofacial anomalies involving ear 
and temporal bone, severe perinatal anoxia, heredity, 
hyperbilirubinemia, congenital infections (toxoplasmosis, 
rubella, cytomegalovirus, herpes, syphilis and HIV), 
postnatal bacterial or viral infections (cytomegalovirus, 
herpes, measles, chickenpox and meningitis), small for 
gestational age, weight less than 1500g, prematurity, 
parental concern, syndrome that usually express hearing 
loss, use of ototoxic drugs, use of mechanical ventilation 
and stay in the Neonatal Intensive Care Unit (NICU) for 
more than 5 days.3,12,13

The universality quality indicator corresponds to 
the percentage of children screened in relation to the 
number of live births and it is recommended that this 
value be greater than or equal to 95%. The referral index 
for diagnosis indicator corresponds to the percentage of 
children referred for auditory diagnosis in relation to the 
number of children screened and the recommended value 
is less than 4%.3

Data were analyzed using the Statistic Package for 
Social Sciences (SPSS) software, version 20.0. First, the 
absolute and relative frequencies of all variables collected 
were calculated, followed by the 95% confidence intervals 
(CI95%) for the quality indicators. To analyze access to 
HHS, the median (Md) and interquartile range (IQR) of 

the variable age at first access were calculated, as well 
as the Mann-Whitney test to analyze whether the type of 
referral interfered with the child’s age at access. Finally, 
the characterization of the care trajectory of children 
with hearing loss based on therapeutic interventions was 
carried out.

Results

During the study period, 37,180 children were born 
in the three maternity hospitals and 26,756 underwent 
NHS. It is observed that over the years the coverage 
increased and at the end it obtained an average of 71.9% 
(CI95%=70.4-73.3). The referral rate for diagnosis ranged 
from 0.6 to 1.4%, totaling 268 children and an average of 
0.9% (CI95%=0.8-0.9). The two indicators in percentages 
are shown in Table 1.

With regard to the presence of RFHL, 94.6% 
(n=25,372) of the children had no risk factors and 5.1% 
(n=1,384) had one or more risk factors. Each child 
with RFHL had, on average, 1.2 factors. Table 2 shows 
the frequencies and percentages of each of the 16 risk 
factors, the most prevalent being congenital infections 
and heredity.

Table 1

Universality indicators and referral index for auditory diagnosis of the programs.

PRO/Year
LB UNI Diag

n n % CI95% n % CI95%

2015 6,492 3,175 48.9 47.7-50.1 43 1.3 0.9-1.6

2016 7,041 4,751 67.4 66.4-68.4 39 0.8 0.5-1.0

2017 7,614 5,016 65.8 64.7-66.8 39 0.7 0.4-0.9

2018 8,167 6,776 82.9 82.0-83.7 46 0.6 0.5-0.6

2019 7,866 7,036 89.4 89.3- 89.4 101 1.4 1.3-0.0

Total 37,180 26,756 71.9 70.4-73.3 268 0.9 0.8-0.9

PRO = Programs; LB = Live births; UNI = Universality; Diag = Referral index for diagnosis.

Table 2

Distribution of the main risk factors for hearing loss in the programs.

RFHL N %

Congenital infections 523 37.7

Heredity 351 25.3

Prematurity 128 9.2

Use of ototoxics 126 9.1

Apgar changed 114 8.2

NICU 100 7.2

Hyperbilirubinemia 68 4.9

Arbovirus 47 3.3

Postnatal bacterial or viral infections 25 1.8

Weight less than 1500g 25 1.8

Use ofmechanical ventilation 15 1.0

Others* 56 4.0

RFHL = Risk Factors for Hearing Loss; NICU = Neonatal Intensive Care Unit; *severe 
perinatal anoxia, syndromes, small for gestational age, craniofacial anomalies involving 
ear and temporal bone, and parental concern.
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Of the children referred to the HHS, there was a high 
dropout rate both in attendance, 1,217 (73.6%), and in 
the completion of the hearing assessment, 191 (11.5%), 
being lower in the cases of diagnosis. During auditory 
monitoring, a child with craniofacial anomaly involving 
the ear and temporal bone with hearing loss was identified, 
specifically cleft lip and palate, and was classified as 
conductive hearing loss of mild bilateral degree. As for the 
diagnosis, seven children were identified with profound 
bilateral sensorineural hearing loss. These findings are 
represented in Figure 1.

Children referred for auditory diagnosis were younger 
at first access (Md=2; IIQ= 3) than those referred for 
monitoring (Md=3; IIQ= 3), as shown in Figure 2. 

In addition, the Mann Whitney showed that the type of 
referral interferes with the age of access to the hearing 
health service (U=13508.00; p<0.001).

Finally, the care trajectories of the eight children 
diagnosed with hearing loss were traced from the 
therapeutic interventions. The only child that was 
referred for auditory monitoring and presented hearing 
loss concluded the diagnosis at three months of age and 
did not return for the continuity of the intervention. The 
other seven performed the diagnosis after three months of 
age, four between three and six months, all started speech 
therapy in the HHS itself and were fitted with the hearing 
aid, then underwent bilateral CI surgery in the other HHS 
of the Network.

Figure 1

Flowchart of access and results of children referred for hearing monitoring and diagnosis.

Figure 2

Box plot regarding the characterization of age at access of children referred for auditory monitoring and diagnosis.

AD = Auditory diagnosis; AM = Auditory monitoring.
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Discussion

Evaluation and monitoring of the results of the NHS 
program are fundamental for planning and executing 
health actions and analyzing access to the HHS makes it 
possible to infer how the Hearing Health Care Network 
is working. It can be seen that children with hearing loss 
obtained access to intervention, which is recommended 
by the hearing health policy. Nevertheless, the need for 
developing strategies to improve the adherence of families 
to the NHS program could be identified.

The universality indicator assesses the coverage of 
screened children and is based on federal law nº 12,303 
of 2010.14 The number of professionals and the supply of 
equipment available in the program directly impact on 
this indicator, which may explain the variability observed 
in the study. In Brazil, the evolution of coverage was 
accompanied by a slight increase in the supply of speech 
therapists and equipment to perform hearing screening in 
SUS in most federative units, and universality is still not 
a reality.15 In the study by Mallmann et al.16 the coverage 
of neonatal hearing screening was 44.1% in 2013 in the 
Northeast region. One aspect that positively influences 
is the performance of hearing screening before hospital 
discharge.1

It is worth mentioning that the NHS is the first step in 
the line of care for people with disabilities. Failure to do 
so will have a negative impact on the child’s prognosis.3,17 
The expansion of neonatal screening and the reduction 
of existing inequalities can be achieved with investments 
in the quality of Primary Health and prenatal care.16 The 
best-informed mothers have more positive attitudes in 
relation to the universal programs of NHS.18

The referral index indicator for diagnosis in all 
programs is within the recommended by NHS Guidelines3 
and in line with a Brazilian study.5 This indicator is 
influenced by the hearing screening protocol used, the use 
of automatic ABR is recommended in cases of failure in 
the test with evoked otoacoustic emissions to reduce false 
negatives.3 Adherence to the program also influences, as 
failure to attend the retest will result in a decrease in this 
indicator. Finally, the profile of the population served, the 
mapping of RFHLspecific to the enrolled population,19 
the more prevalent the RFHL, the more likely the NHS 
failure to occur.

The risk factors also reflect the diagnosis of the 
community in which the program is inserted.19 The findings 
corroborate the literature. Congenital infections are among 
the most prevalent factors in Brazil,5,6 with emphasis on 
syphilis, which is considered a public health problem and 
has been increasing in recent years.20 As for heredity, this 
is also reported in the scientific community, however less 
frequent.5,6 The most recent documents on this subject are 
the American recommendation1 and the technical note of the 

Multiprofessional Committee on Hearing Health (MCHH),21 
which excluded prematurity, but there is still a program 
that considers it as a factor.5 the importance of continuing 
education for health professionals.

Hearing monitoring provides the diagnosis of late 
and/or progressive hearing loss,3 however a high evasion 
was observed both in the first consultation and at the 
conclusion of the hearing assessment. Dropout is a 
worldwide problem in NHS programs, and guidance to 
parents is essential, which needs to be adapted to the 
various educational, social, economic and health factors 
for greater effectiveness.22 In monitoring, in addition 
to monthly follow-up of hearing development and of 
language in Primary Health Care, a hearing assessment is 
recommended when the child is between 7 and 12 months 
old3 The median age of access to the HHS was much lower 
than that reported, 11.6 months,23 and recommended in 
the hearing health policy, which can be justified by the 
hearing screening protocol of the programs, which use 
only transient evoked otoacoustic emissions (TEOAE), 
in which immediate referral to the HHS allows children 
access to the BAEP test.

Audiological diagnosis is the next phase of the NHS 
programs, being extremely important, as it allows the 
identification of hearing loss and intervention.1,3Evasion 
in this phase demonstrates a rupture in the continuity of 
care and reflects the obstacles of the Network of Care 
for People with Disabilities, which are the waiting lists 
for health services, flaws in the regulatory system, the 
low supply of care and specialist professionals such 
as speech therapists and the concentration of services 
in more urban areas.9,24-26 The HHS does not have an 
active search program for the completion of the hearing 
assessment, which could help the early diagnosis of 
hearing loss and enable the child to remain in the Health 
Care Network, being valid for cases of diagnosis and 
monitoring auditory.

On the other hand, access to therapeutic interventions 
for children with hearing loss demonstrate the guarantee of 
full access. The Care Network for People with Disabilities 
integrates different units and levels of hearing health care. 
NHS, diagnosis and rehabilitation are part of a continuous 
and inseparable process, in order to reach the expected 
outcome in children with permanent hearing loss. The 
use of electronic devices, which include hearing aids and 
CI, and attendance atspeech therapy are regulated in SUS 
public policies.3 Children implanted bilaterally present 
the best performances in speech perception compared to 
the adaptation of bilateral hearing aids (HA) and bimodal 
adaptation (HA and CI).27 The offer of the service that 
makes the CI device available represents a potential of 
the Health Care Network.

Access to the Child Hearing Health Care Network 
presents obstacles with an evasion above expectations 
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and children with late ages in the stages of diagnosis 
and intervention in developing countries,4,6,28 in addition, 
in Brazil, there are regional differences regarding the 
offer of services and specialized professionals, directly 
impacting access.8,15,16,24 On the other hand, developed 
countries have better indicators regarding access to 
hearing health services,4 such as the United States, which 
has universal coverage of screening and ages of diagnosis 
and intervention of around 2 and 3 months, respectively.29

In the present study, the organization of the Hearing 
Health Care Network can be observed in the universality 
indicator and in the regulation of children for specialized 
care. Even in a single Brazilian state, these results provide 
theoretical insights for decision-making processes and 
future research.

The limitations of the study are related to lack of data 
in the databases on socioeconomic factors of families and 
on the trajectory of all children in the HHS, in addition, 
some children may have accessed the other HHS or the 
supplementary health system, but it was not possible to 
enter the other HHS in the study, because it did not have 
a database. Studies to evaluate health services and the 
system of regulated access to health care are suggested, 
as these directly impact the results of NHS programs.

The universality quality indicator in the three 
programs was not achieved; the index of referral for 
diagnosis was always within the recommended by the 
hearing health policy. Regarding access to hearing health 
services, there was an evasion, which was greater for 
children who were referred for hearing monitoring. Thus, 
the NHS allowed the capture of children with hearing loss 
and their insertion in the Health Care Network.

This study provided the visualization of implementation 
of the Hearing Health Care Network in the state of Rio 
Grande do Norte, through identification of organizational 
arrangements in the line of care with the offer of NHS 
in maternity hospitals and diagnosis and intervention in 
hearing health services.
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