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Chapter 1

GENERAL INTRODUCTION






General introduction

Hearing impairment (HI) is a common sensory deficit in early childhood. Worldwide it is
estimated that around 466 million people (6.1% of the total population) have a disabling HI of
which 34 million are children below the age of 18 [1]. These children may have a HI that was
already present at birth (congenital) or the HI may have developed after birth (delayed-onset
or acquired). A HI can affect one or both ears (unilateral or bilateral), and is classified according
to degree (mild, moderate, severe, profound [2]) and type (permanent/transient, sensorineural/
conductive). An untreated HI during childhood, especially a sensorineural HI, may have a
major impact on speech, language and general development [3-5]. These delays affect com-
munication, family relations, social and emotional development [6]. Delays in development
may lead to academic underachievement and reduced job opportunities which may eventually
result in an economic burden to society [7].

Congenital HI, delayed-onset or acquired permanent HI have a number of different causes.
The presence of these causes varies across regions of the world and influences the prevalence of
HI in these regions [8, 9]. In the newborn period, HI can be caused by pre- or postnatal infec-
tions (most commonly cytomegalovirus), genetic disorders that are often autosomal recessive,
premature birth and interventions associated with admission to the neonatal intensive care unit.
In childhood, sensorineural HI may be delayed-onset HI caused by pre- or perinatal infections
or hereditary factors. It may also be acquired HI caused by ototoxic medications, trauma, or
postnatal infection [10].

Conductive HI can be caused by conditions of the middle ear such as otitis media (OM; in-
flammation of the middle ear) [11].The incidence of OM varies between regions of the world
[12]. Otitis media with effusion (OME) is very common during childhood and is accompanied
by fluid in the middle ear causing a transient conductive HI [11]. OME is diagnosed in 1-30%
of all children between 1 and 8 years old, its highest prevalence is found around 3-4 years [13,
14]. About half of the children that are diagnosed with OME have a HI related to the disease
[15,16]. This HI is present during the time in which speech and language are still developing,
yet the eftects of OME and its accompanying HI on a child’s development are not unanimously
confirmed [17-19]. If OM evolves into a permanent HI, it can cause lasting effects on speech
and language development if not adequately intervened [20, 21]. Chronic suppurative otitis
media (CSOM) is characterised by purulent discharge from the middle ear through a perfora-
tion in the tympanic membrane, and a conductive HI. The estimated prevalence of CSOM is
2% among children between 1 and 4 years old and 2.5% among children between 5 and 10
years old [12].

Information on the prevalence of HI at different ages is essential to understand the patho-
physiology of HI and to organise healthcare provisions such as detection, intervention and
prevention. Congenital permanent HI is estimated to affect between 1-2 infants per 1,000 [22,
23]. However, the prevalence of HI in low-income countries was reported to be higher [24].

After the newborn period the prevalence of permanent HI was reported to double by the time
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12 | Chapter 1

children are 9 years of age [22, 25]. This increase in prevalence is mainly caused by a delayed,
progressive or acquired HI [26], although some of these HI may have been missed at birth.
Negative outcomes as a result of an untreated HI may be avoided by early detection of HI
and subsequent intervention through the implementation of a newborn hearing screening
(NHS) programme [4-6] (not to be confused with the National Health Service in the UK).
Before NHS programmes were instated hearing in infants was either not assessed, monitored
through an inventory of risk factors, or screened using the distraction test. Unfortunately, when
only children with known risk factors for HI are screened at least half of the children with a
HI may be missed [27-29]. Furthermore, the distraction test has low sensitivity and specificity,
could not be performed before 7 months of age, and identification and intervention were often
delayed [28, 30]. New objective technologies were introduced in the 1990s, which allowed
hearing screening to be performed accurately in the newborn population. Electrophysiologi-

cal hearing testing such as otoacoustic emission (OAE) and automated auditory brain stem

Figure 1. Auditory pathway (source: https:/ /www.entsaustin.com/audiologic-services /types-hearing-loss/) an OAE screen
measures the reaction of the outer hair cells in the cochlea (3) to sound, an aABR screen measures changes in the auditory
brain stem (4) as a reaction to sound.



General introduction

response (aABR) not only reduced the age of screening, but also the costs of screening [31, 32].
The availability of these technologies enabled hearing screening to take place within a few days
after birth, and diagnostic assessment as well as intervention to take place in the first months of
life. Hearing aids, when necessary, could now be fitted within the first months after birth and
parent-child interaction could be improved significantly at earlier age. Fitting cochlear implants
was made possible within the first year. Amplification through hearing aids or cochlear implants
in combination with family intervention allowed a child with a HI to develop speech and
language in a similar way as their normal-hearing peers, minimising possible negative outcomes
associated with a HI [33, 34].

When an OAE or aABR screen is performed, a probe is placed in the infant’s ear canal and
a tone or click is presented separately for each ear. For an OAE screen, the microphone in the
probe measures the reactive sound that is emitted by the outer hair cells in the cochlea as a
reaction to the tone or click. An aABR screen requires placing three electrodes on the infant’s
head. These electrodes detect changes in brain wave activity in the auditory brain stem as a
reaction to the tone or click. Both screening tests have high sensitivity and specificity (between
90% and 100%) [35-37], are performed automatically and can be administered by a range
of professionals, provided that these professionals are appropriately trained and have gained
sufficient experience with the device. An NHS screening protocol includes either OAE, aABR
or both types of screening in one or multiple steps. Screening using multiple steps increases the
specificity of the protocol [38], which reduces the number of infants who are unnecessarily

referred to diagnostic assessment.

Figure 2. Newborn hearing screening in two infants using OAE (left) and aABR (right). (Permission from the parents was

obtained to use these pictures.)
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Screening without an appropriate intervention pathway would of course not be beneficial.
Many countries in the world have implemented NHS as part of early hearing detection and
intervention programmes. They aim to identify infants with a HI in the early weeks or months
of their lives so the infants and their families can receive early support and intervention. These
interventions allow the infant to develop optimally and improve outcomes. Early research
found the biggest advantage of early detection and intervention in children with a HI who
were identified and received intervention within the first 6 months of life [4-6, 33, 34]. Inter-
national position statements were developed to provide guidance for best practice, benchmarks
and quality measure [39-42]. The recommendations made in these position statements include
age at screening, diagnostics and intervention, and benchmarks for quality measures used in
NHS such as coverage rate (benchmark of 95- 97%), referral rate (benchmark of 4% for referral
to diagnostic assessment) and follow-up rate (benchmark of 90-97%) [39, 43-45]. Most position
statements recommend to perform screening within 1 month, perform diagnostics within 3
months and start intervention within 6 months after birth [39]. More recently, even earlier
deadlines for diagnostics and intervention have been proposed for programmes that meet the
so-called “1-3-6" guidelines [42].

Children with a HI who are born in countries without an established NHS programme
or children whose HI is not present yet when NHS is performed may remain undetected for
many years. Even with an NHS programme in place up to 50% of school-aged children with a
permanent HI have been reported to not being detected at birth [22, 46]. Detection of infants
with a HI at birth may not be effective, for example screening is not offered to all infants,
screening has a high number of false negatives, infants are lost to follow-up or parents refuse
screening. [26,47] Even when an effective screening programme is in place, its target condition
does not necessarily include all types of HI and a mild or unilateral HI may easily be missed.
When detected late, these children may not receive appropriate intervention during the time
speech and language develop or during their school-aged years. HI in these children may be
detected by their caregivers [46, 47] or during post-NHS follow-up [22, 48].

Routine follow-up after NHS includes targeted surveillance of children with risk factors for
HI, hearing screening before school-entry or during school-going years. Targeted surveillance
programmes may miss children that have no known risk factors for HI [49] and not all of
these programmes are able to achieve high attendance [50, 51]. When the majority of children
attends kindergarten or school, high attendance may be achieved during school screening.
Alternatively, high attendance may be achieved during paediatric health examination. Unlike
NHS, the effectiveness of childhood hearing screening (CHS) after the newborn period is not
universally agreed upon. A study in England was unable to find a significant difference between
a region with CHS and a region without CHS in the number of children with a HI detected.
CHS also did not significantly reduce the age of identification [49].

A number of factors influence the effectiveness of CHS.These include the number of children

with a HI that have already been detected, the tests selected, the protocol design, programme
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features and the local circumstances in a country or region. A variety of tests may be used, e.g.,
parent/teacher questionnaires, pure-tone audiometry, speech (in noise) tests or OAE. The test
choice depends on the age and development of the target population. However, the accuracy
of these tests was found to vary across studies [49]. Fortnum et al. (2016) concluded that for the
two regions included in the study, CHS was not cost-effective [49]. Fortnum et al. (2016) noted
that the effectiveness of CHS also depended on the effectiveness of the alternative scenarios.
On the other hand, a review by Yong et al. (2020) found that when local circumstances are
taken into account, CHS may be cost-effective [50], especially in rural areas [51] and areas
where NHS is not (yet) available [52]. Unfortunately, high quality information to evaluate the

cost-effectiveness of CHS is scarce [53].

The EUSCREEN study
The EUSCREEN study [54], in which this thesis is embedded, is a multi-centre study that

was set up to compare the cost-effectiveness of vision and hearing screening programmes in
countries in Europe and beyond. The EUSCREEN study consists of three components: the
collection of data on vision and hearing screening to compare screening programmes across
countries, the development of a cost-effectiveness model assisted by the data collected on
screening programmes, and the implementation of a vision and hearing screening programme
in two countries where vision and hearing screening are not yet performed.

Data on hearing and vision screening programmes were collected through an extensive
questionnaire. This questionnaire contained 191 questions on hearing screening, 126 ques-
tions on vision screening and 82 questions on general screening that were categorised into
nine domains: demography and epidemiology, administration and general background, existing
screening programmes, coverage and attendance, tests and devices, follow up and diagnostic
assessment, treatment options, costs and benefits and adverse effects. Hearing, vision and general
screening experts from participating countries provided information on their local screening
programmes. For hearing, the provision and eftectiveness of childhood screening programmes
(both NHS and CHS) was inventoried across participating countries. The similarities and
diversity across screening programmes in the organisation of screening, screening outcome
and possible features that are important to estimate the efficiency of screening were explored
and screening quality measures were investigated in relation to protocol features used. The
information gathered on existing hearing screening programmes in the participating countries
was used for the development of the model.

The Mlcrosimulation SCreening ANalysis (MISCAN) model [55] was originally developed
to simulate the natural history of diseases and to evaluate screening programmes such as cancer
screening. It was adapted to calculate the optimal, most cost-effective vision and hearing screen-
ing programme taking the local circumstances of a country into account. Local circumstances
include the professionals that are available to screen and the existing screening pathways. The

model can be used to assist policymakers with the introduction, modification or disinvestment
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of a screening programme. For the development of this model, detailed information was used
on vision and hearing screening protocols, organisation of general preventive healthcare and
local societal background. This information was aggregated through the EUSCREEN ques-
tionnaire. The cost-effectiveness model assisted with the implementation of vision screening in
Romania and NHS in Albania by making a preliminary prediction of the most cost-effective
screening programme for each country. Results of these implementation studies were used to
validate and calibrate the model to improve its predictions for other countries.

For the implementation of NHS in Albania, the model compared several possible NHS
programmes, taking into account local circumstances in Albania such as demography and ge-
ography, natural history of HI in Albania and costs. The implementation of NHS was evaluated
in four maternity hospitals that are located in three provinces in Albania: Tirana, Pogradec and
Kukés. A little over 11,000 infants are born in these four maternity hospitals each year. The two
largest maternity hospitals are located in Tirana and account for approximately 6000 and 4000
births annually. The maternity hospitals in Pogradec and Kukés each account for approximately
500 births annually. These locations were chosen because they accurately represent both urban
and rural populations and they include a range of socio-economic circumstances. Most births
take place in maternity hospitals in Albania so it was decided that NHS would be performed in

the maternity hospital before discharge.

Research aims and outline of this study

The main objective of this thesis is to determine factors that need to be considered when
organising a hearing screening programme. Within this thesis screening organisation is inven-
toried, screening outcome evaluated and the cost-effectiveness of existing hearing screening
programmes across Europe is compared. Is the natural history of hearing impairment the same
in every country? How are hearing screening programmes organised? What variation can be
found between programmes and what causes these variations? What circumstances play a role
in the design, choices made and functioning of hearing screening programmes? What deter-
mines the performance of a screening programme? What data needs to be collected to perform
quality control and to compare the effectiveness and cost-effectiveness of a hearing screening
programme? What screening quality measures need to be collected and are the benchmarks as
suggested by international position statements acceptable? What factors are important when
implementing or modifying a hearing screening programme? Are there any competing health-
care interests?

To answer these questions, we reviewed literature on the prevalence of HI in the first year
of life, inventoried existing hearing screening programmes in a number of European countries,
developed a model to calculate and compare the cost-effectiveness of screening programmes
given the local circumstances and studied the implementation of a hearing screening pro-
gramme in Albania. Results were used to explore the variety of choices that can be made

when organising hearing screening programmes, how these choices influence the performance
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of screening and to determine screening outcome and quality measures that can be used to
evaluate the performance of screening.

A general outline of the chapters in this thesis is provided below.

The main body of this thesis comprises of three parts. First, we describe the prevalence
of HI in the newborn period across the world. Prevalence rates are essential knowledge for
programmes that aim to detect HI early and provide subsequent intervention, especially with
cost-effectiveness in mind.

Chapter two describes a systematic review and Bayesian meta-analysis on the prevalence of
permanent newborn HI.

The second part gives an overview of existing hearing screening programmes across countries
and regions that provided information through the EUSCREEN questionnaire. An inventory
was made of the variations across programmes and these variations were related to socio-
economic factors. Chapter three, four and five analyse the results of the data-collection by
means of an extensive questionnaire. More specifically, chapter three reports on the provision
of NHS, chapter four reports on the outcome measures of NHS and chapter five reports the
provision and outcome measures of CHS.

The third part describes the implementation of an NHS programme in four maternity
hospitals in Albania. Chapter six describes the model that was used to calculate the most cost-
effective screening programme in Albania given the local circumstances and chapter seven
describes the observations made during the implementation.

Chapter eight takes together the results of the studies described in the previous chapters

and discusses the main findings of this thesis.

LIST OF ABBREVIATIONS:

HI Hearing impairment

OM Otitis media

OME Otitis media with effusion

CSOM Chronic suppurative otitis media

NHS Newborn hearing screening

OAE Otoacoustic emission

aABR Automated auditory brain stem response
CHS Childhood hearing screening

MISCAN MiIcrosimulation SCreening ANalysis
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ABSTRACT

Objective
To investigate the variance in reported prevalence rates of permanent neonatal hearing impair-

ment (HI) worldwide.

Design
A systematic review and meta-analysis was performed on reported prevalence rates of senso-
rineural and permanent conductive or mixed HI worse than 40 dB in neonates, detected as a

result of a screening programme or audiometric study.

Study sample
For meta-analysis, 35 articles were selected, 25 from high-income countries and 10 from

middle-income countries according to the world bank classification system.

Results

The prevalence rate of permanent uni- and bilateral HI worse than 40 dB in neonates varied
from 1 to 6 per 1000, the overall prevalence was 2.21 per 1000 [1.71, 2.8]. In NICU popula-
tions the prevalence rate was higher with a larger fraction of bilateral cases. Although not
significant, prevalence rates were slightly higher in Asia compared to Europe and the number

of infants lost to follow-up appeared higher in countries with lower gross national income.

Conclusion

Substantial variations exist in prevalence rates of neonatal permanent HI across countries and
regions. There is a strong need for more data from low-income countries to identify demo-
graphic factors that account for this variability in reported prevalence rates. Reporting these

data in a uniform way is advocated.
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INTRODUCTION

Hearing impairment (HI) is a rather common sensory deficit in children in their first years of
life, but it is not easily noticed. Deficiency in auditory input at a young age may cause a delay in
speech, language and general development and poor academic performance (Yoshinaga-Itano
and Apuzzo 1998a, 1998b). Early detection of congenital HI and appropriate intervention is
crucial to minimise its impact (Joint Committee on Infant Hearing, American Academy of
Pediatrics 2007; Downs and Yoshinaga- Itano 1999).

Prevalence rates of HI at various ages and from all over the world are indispensable to better
understand the pathophysiology of HI and to organise health care provisions such as detection,
intervention and prevention.

Permanent hearing impairment (PHI) in childhood is caused by both genetic factors and
environmental factors. These factors are likely to vary across the world (Grundfast 2002;
Smith and Taggart 2004). Neonatal PHI of genetic origin is in many cases autosomal recessive
(Grundfast 2002; Smith and Taggart 2004; Denoyelle et al. 1997; Zelante et al. 1997). PHI can
also be acquired in utero or during early childhood as a complication of infectious disease, a
consequence of ototoxic medication, or in connection with premature birth. This explains the
higher prevalence of PHI in infants treated at the neonatal intensive care unit (NICU) (Grund-
fast 2002). Variations exist in the worldwide availability and quality of health care provisions
such as birth clinics, NICU’, medication and vaccination programmes. The aforementioned
factors all influence the prevalence of neonatal PHI to some extent and may cause variations
across the world.

The World Health Organization (WHO) (2018) reported that prevalence rates of HI are
higher in low-income countries (Mathers, Smith, and Concha 2003; Stevens et al. 2013).
However, these concerns both conductive and sensorineural HI in children at school age,
when otitis media plays an important role (Mathers, Smith, and Concha 2003; Stevens et al.
2013; Smith 2008). The Global Research on Developmental Disabilities Collaborators (2018)
estimated the number of children with HI to be the highest in South Asia and the lowest in
North America. The highest number of children with or at risk for developmental disabilities
were found in low- and middle-income countries such as India, China and Nigeria.

During the past 20 years universal neonatal hearing screening (NHS) programmes, targeted
at detecting PHI, have been introduced in many high- and middle-income countries (Joint
Committee on Infant Hearing, American Academy of Pediatrics 2007). In some countries,
NHS has been implemented at a local level or for a limited period of time. As a result, preva-
lence rates of PHI in neonates from a variety of countries are increasingly becoming available.
This new knowledge may help to find explanations for variations in prevalence rates.

Most NHS programmes aim to detect PHI >40 dB HL, and use a two- or three-step screen-
ing protocol (Sloot et al. 2015;Vos et al. 2016; Kanji, Khoza-Shangase, and Moroe 2018). Two

types of objective screening tests are most commonly used: otoacoustic emission tests (OAE)
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and automated auditory brainstem response tests (aABR). An OAE measures the reaction
(emissions) of the outer hair cells in the cochlea to an auditory stimulus, presented in the
infant’s ear canal. An aABR measures the electrical response of the auditory brainstem to an
auditory stimulus set at 35 or 40 dB nHL. Both tests detect HI worse than 40 dB HL, and have
high sensitivity and specificity (Wolff et al. 2010). In contrast to OAE, aABR screening is able
to also detect cases of auditory neuropathy. An infant who fails the first step of the screening
programme is invited to return for the next step of screening. The specificity of a screening
programme increases with the number of steps used.

Infants are referred for full diagnostic assessment when they have failed the final step of the
screening programme. Auditory brainstem response (ABR) and auditory steady-state responses
(ASSR), which measure the electrical response in the central auditory pathway, are used to ob-
jectively estimate the hearing threshold. Quite often more extensive examinations are needed
to obtain a final diagnostic result that includes type of HI and the threshold.

The aim of this study is to investigate the prevalence of PHI in neonates by means of a
systematic literature review and analyse the results using a Bayesian meta-analysis. In more
detail, we aim to:

- Summarise the literature that reports on the prevalence of neonatal PHI of 40 dB or worse;

- Combine the findings in a meta-analysis to obtain an accurate estimation of the overall
prevalence rate of neonatal PHI;

- Analyse the degree of variation in reported prevalence rates of neonatal PHI and identify

explanatory factors.

MATERIALS AND METHODS

Literature search

Current scientific literature was systematically searched to identify original peer-reviewed
studies that explore the prevalence of permanent sensorineural or conductive HI in children.
This review was carried out based on the guidelines of Preferred Reporting Items for System-
atic Review and Meta-Analysis Protocols (PRISMA P) 2015 statement. This includes the use
of the PRISMA P checklist and following the methodological approaches recommended for
systematic reviews based on the PRISMA statement (Moher et al. 2015; Shamseer et al. 2015).

The systematic literature search was carried out in November 2017, and updated in Novem-
ber 2018, within the following electronic databases: Embase, PubMed/Medline Ovid, Web of’
Science, Cochrane Central and Google Scholar. Search terms included: “prevalence”, “inci-

¢

dence”, “epidemiology”, “hearing disorder”, “hearing impairment”, “pediatric”, “preschool”,
“newborn”, “infant”, “child”, which were used to develop a search string. These terms were
combined in different ways using Boolean operators such as “AND” and “OR”.The complete

search strings used have been attached in Appendix 1 (see Supplementary material). Although
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the search included infants up to 12 years of age, in this study we only consider articles that
describe the prevalence of infants up to one year of age.

The articles obtained from the electronic databases were compiled using EndNote and du-
plicates were eliminated. All titles and abstracts were screened independently by three reviewers
(A.B., H.H., A.M.). Studies were included in the literature review if they contained original
data on prevalence rates of PHI among the general infant population or subgroups: infants
admitted to the NICU and/or well babies (WB). Studies were excluded if they reported only
on subgroups of infants (e.g., infants with syndromes), if the study population or threshold
were poorly defined, if the diagnostic process was not described, if errors were made when
calculating the prevalence rate, or if the full text was not available in English. Definitions of the

terms used in this article are provided in Table 1.

Table 1. Definitions.

PHI Permanent hearing impairment includes sensorineural, permanent conductive (e.g.,
malformation), and excludes transient hearing impairment (e.g., otitis media), in one or both

ears.

Bilateral PHI Permanent hearing impairment of both ears. The degree of PHI is determined by the better
hearing ear.

Unilateral PHI Permanent hearing impairment in one ear. The degree of PHI is determined by the worse

hearing ear.
Population The number of neonates that entered the screening program or study.

NICU /WB Within the neonatal population two subgroups are defined: NICU indicates infants treated in
a neonatal intensive care unit (NICU), and well babies (WB) are all other infants.

General population  The neonatal population that includes all subgroups.
Prevalence The number of neonates with PHI in the population.

Prevalence rate The number of neonates with PHI per 1000 of the population.

The remaining articles underwent a full-text review by two authors (A.B. and H.H.), and
further selection was made based on a number of inclusion and exclusion criteria. Studies were
included if they reported on sensorineural and permanent conductive or mixed HI, considered
both bilateral and unilateral PHI or bilateral PHI only, and used hearing thresholds from 20 to
40 dB HL. PHI had to be diagnosed as a result of a screening programme or audiometric study
and confirmed by means of ABR or ASSR. During the diagnostic process following a NHS
programme, a number of tests may be needed to determine the definitive hearing thresholds.
When studies reported on the variability of these results, the most definitive result obtained
during the first year of life was used to calculate the prevalence rate. When more than one study
reported on the same population, prevalence rates were used from the most recent study that
adequately met all inclusion criteria.

Studies were excluded if they reported on transient HI only or when transient HI figures
were not eliminated from the final reported prevalence rates. This selection also excluded all ar-

ticles that reported prevalence on older children, the selection focussed only on the prevalence
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of PHI in infants. Disagreements about the interpretation of data were resolved by discussion,
and when disagreements could not be resolved, A.G. acted as a referee.

Prevalence rates for a hearing threshold of 35 or 40 dB HL were used when this information
was available. Some studies reported only on prevalence rates for thresholds of 20, 25 or 30 dB
HL. All reported prevalence rates resulted from a study using OAE, aABR or ABR.

Selected studies

A data extraction sheet was developed to record specific information from the article (title, au-
thor, year), year(s) when the data were collected, information about the population (geographic,
ethnic, socio-economic), general neonatal population or NICU/WB subgroups, population
size, definition of PHI, screening and diagnostic tests, degree of PHI, unilateral or bilateral PHI,
age at time of diagnosis, percentage lost to follow-up (LTFU), and prevalence rate of PHI.

The Newecastle Ottawa Scale (Wells et al. 2018) is a quality assessment tool for cohort studies
used to score the quality of studies included in reviews. Since not all subscales of the Newcastle
Ottawa Scale were applicable to our set of data, we adapted the criteria to fit our study. This re-
sulted in a list of seven items (Table 2). Criteria were scored on a two-point or three-point scale.
For study group composition, a representative group was one in which no more than 10% of
infants were admitted to the NICU (Harrison and Goodman 2015; Gijsen and Harbers 2015).
The criterion “percentage of infants LTFU” was based on the recommendations of the JCIH to
achieve a return to follow-up of 70% of infants or more (Joint Committee on Infant Hearing,
American Academy of Pediatrics 2007; Joint Committee on Infant Hearing 2000; Prieve and
Stevens 2000). Inadequate accuracy concerned ambiguity such as calculation uncertainties. The
final quality score was calculated to a maximum of eight points and converted to a percentage.
The cut-off value was set at 75% to distinguish between studies of low and high quality.

The countries of the study populations were classified into five geographical areas: Europe,
Asia, the Americas, Africa and Australia. Websites of The World Bank Group (2018) and Na-
tional Statistics Republic of China (Taiwan) for Taiwan (2018) were consulted to classify each
country as high, upper-middle, lower-middle or low-income country, and to record its Gross

National Income (GNI) per capita in 2017.

Table 2. List of criteria to indicate quality of the studies included for the meta-analysis.

Criterion 0 1 2

Study group composition not representative / not mentioned representative

Study group origin hospital(s) region/country

Study group size < 5000 5000-10000 >10000
HI type(s) not well defined well defined

HI threshold <35 dB 35 or 40 dB

% lost to follow up > 30% / not mentioned < 30%

Accuracy inadequate adequate
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Statistical analysis

A Bayesian random-effects meta-analysis was used to estimate the prevalence rate of both
unilateral and bilateral HI in different populations. Prevalence rates were estimated for the
general neonatal population and separately for WB and infants admitted to NICU for the
studies in which these numbers were reported on.

The central idea of the Bayesian approach is to combine the likelihood (data) with our prior
knowledge to result in a revised probability (posterior probability). Posterior distributions are
typically summarised by the median and the 95% credible intervals, which are the counterparts
to 95% confidence intervals used in classical statistics.

The Bayesian approach is becoming more popular because it is intuitive and flexible due to
recent advances in computational methods. In a meta-analysis framework, a Bayesian approach
offers an advantage compared to the classical approach, especially when taking into account the
limitations in misestimating the heterogeneity in a random-effects model (Sutton et al. 2000;
Sutton and Abrams 2001). Statistical expertise has strongly recommended carrying out Bayesian
meta-analyses (Higgins and Green 2011). In our model, random-effects were employed to take
into account the heterogeneity between the studies. The SD of the random effects (tau) will be
reported as the heterogeneity index.

In this study, we employed relatively non-informative priors for all parameters. We performed
different relatively non-informative priors on random-effects’ variance (i.e., an inverted gam-
ma-distribution with low values and a uniform prior to the random-effects SD) as a sensitivity
analysis to check the robustness of our meta-analysis results.

We performed two other sensitivity analyses. These aimed to assess the impact of variations
of information that were implemented into the analytical model. One sensitivity analysis was
performed using only high-quality studies (defined as >75% on the quality score), and the other
one was performed using only studies where NHS programmes targeted a strict threshold of
35 dB HL or worse.

A Bayesian random-effects meta-regression was performed to assess the relationship between
the overall prevalence rate of HI and the GNI per capita, infants LTFU, and geographical area.
The calculated exceedance probability describes the posterior probability that the estimated
parameter is greater or smaller than zero. The exceedance probability is a counterpart to the
p value that is used in classical statistics. Extreme values for the exceedance probability (i.e.,
<0.05) indicate a significant difference.

Computations and graphics were performed in R programme language (Dalgaard 2010).
All Bayesian computations were performed using the Markov Chain Monte Carlo sampler
through Jags (Plummer 2016) interface in R programme language. Markov Chain Monte
Carlo sampling was run for each analysis for 50k iterations after discarding the first 50k itera-
tions (burning) to reach the convergence. The 95% credible intervals use 95% of the highest

posterior probability in the posterior distribution.
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The Egger test was used to check the publication bias via the metafor package (Viechtbauer
2010) in R programme language.

RESULTS

Our search strategy identified 7520 articles (Figure 1). After duplicates were eliminated, 4497
articles remained. Titles and abstracts were screened, and a further 4117 were eliminated because
the inclusion criteria were not met or full text was not available in English. Of the remaining
380 articles on childhood PHI, 243 focussed on infants in their first year of life. A total of 209
of these 243 articles were excluded because they did not meet the inclusion criteria. Although
some of these excluded studies reported on the prevalence of neonatal PHI, they were not used
in our review for a variety of reasons: the composition of the study group was not suitable,
the screening procedure, tests, or number of ears tested were not described, the description of
results of post-screen diagnostics were insufficient or absent, PHI was poorly or not defined,
PHI thresholds were not mentioned, the study design was unclear, or obvious calculation errors
were found.The update of this search in November 2018 identified 278 additional articles. One
was included in the final analysis of 35 articles (Table 3).

Records identified through -
- Duplicates removed
database searching Py o
(n=7520) (n= )
Records screened Records excluded
(n=4497 + 278) (n=4117 + 252)
Full-text articles assessed for Full-text articles excluded,
eligibility (childhood) no neonates
(n=380+26) (n=137 +12)
Full-text articles assessed for Full-text articles excluded,
eligibility (neonates) with reasons
(n=243 + 14) (n=209 + 13)
Studies included
(n=34+1)

Figure 1. Flowchart showing the process followed to identify, screen, determine eligibility and select articles
for inclusion in this review. The number of articles for each step is displayed as (the original search + the search
update).



Table 3. Overview of the 35 studies in this review.
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Author (ref) Year data Geography Scale

General Population of Infants
Adachi®’ 1999-2008 Japan (Saitama) Region
Adelola™ 2000-2007 Ireland (Galway) Region
Antoni” 2005-2010 France (ile de France) Region
Augustine™ 2010 India (Vellore) Hospital
Bailey™ 2000-2001 Australia (Perth) City, 5 hospitals
Berninger” 1999-2004 Sweden (Stockholm) City, 2 hospitals
Bevilacqua™ 2005-2007 Brazil (Bauru) Hospital
Calcutt™ 2009-2011 Australia (Queensland) Region
Dalzell® 1995-1996 USA (New York state) Region
De Capua® 1998-2006 Italy (Siena) Region
Farhat™ 2008-2010 Iran (Mashad) City, 3 hospitals
Hsu™ 2009-2010 Taiwan (Taipei) Hospital
Kennedy®’ 1993-1996 UK (South-West England) 4 cities
Magnani®® 2010-2013 Italy (Parma) Hospital
Mason™ 1992-1997 USA (Honolulu, Hawaii) Hospital
Mehl” 1992-1999 USA (Colorado) State
Neumann®' 2005 Germany (Hessen) Region
Ng* 1999 China (Hong Kong) Hospital
Olusanya™ 2005-2008 Nigeria (Lagos) City, several clinics
Pastorino™ 1997-2001 Italy (Milan) Hospital
Qi 2007-2009 China (Beijing) Hospital
Sun” 2002-2007 China (Shanghai) Region
Swanepoel®’ 2001-2005 South Africa (Gauteng) Hospital
Uus™ 2003-2004 UK (England) Country
Watkin® 1992-1997 UK (London) Hospital
Wenjin * 2012-2014 China (Guangxi) Hospital
Wroblevska®’ 2013 Poland (Poznan) Hospital

WB only
Twasaki®® 2000-2001 Japan (Hamamatsu) City, 2 hospitals
Van der Ploeg®” 2002-2009 Netherlands Country
Van Kerschaver”’ 2003-2004 Belgium (Flanders) Country

NICU only
Galambos”' 1977-1991 USA (San Diego, CA) City, 3 hospitals
Tajik” 2011-2015 Iran (Babol) City, 2 hospitals
Van Dommelen” 2002-2005 Netherlands Country
Van Straaten”* 1998-2000 Netherlands Country
Watson” 1982-1987 N-Ireland (Belfast) Hospital
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Most of the 35 studies included in the analysis were conducted in Europe, Asia, North
America and Australia in the past 20 years. Only a few were conducted in Africa and South
America. Twenty-five studies originate from high-income countries, eight from upper-middle-
income countries and two from lower-middle-income countries. Thirteen studies had a quality
score >75%. In particular, lower scores were achieved on the criteria composition of study

group, local or national study group, and numbers LTFU (Figure 2).

Study group composition
Study group origin

Study group size
Hitype(s)

HI threshold

% lost to follow up

Accuracy

0 5 10 15 20 25 30

w
(]

Omlm2

Figure 2. The number of studies per score for each quality criterion.

Prevalence rates were often readily presented in the article or were calculated from the sup-
plied data. Only a few studies provided multiple thresholds obtained throughout the diagnostic
process. Most studies reported prevalence rates with thresholds of 35 or 40 dB HL. However,
for some studies only thresholds of 20, 25 or 30 dB HL were available. Notwithstanding this
inconsistency, all studies screened for a target condition of 35 or 40 dB HL using OAE or
aABR in a two-, three- or four-step screening programme. These techniques identify HI of
35-40 dB HL or worse, with a high specificity. How many cases of mild HI (20-40 dB HL)
would actually be included in the prevalence rate estimations with a threshold of 20 dB HL
depends on the specificity of the applied screening programme. Therefore, the impact of vary-
ing thresholds was evaluated in a sensitivity analysis.

Table 4 displays the prevalence rates of PHI (bilateral and unilateral) and PHI bilateral only
for the general population of infants, the WB subgroup and the NICU infant subgroup as they
are reported in each article.

The Bayesian random-effects meta-analysis of the prevalence rates of PHI in the general
neonatal population resulted in an overall prevalence rate of 2.21 per 1000 with a credible
interval of [1.71, 2.8] (Tau: 0.51 95% CI (0.34, 0.73)) (Table 5).The corresponding forest plot
is depicted in Figure 3, in which studies are ranked according to GNI per capita in the country
of origin. The highest prevalence rates were found in Nigeria (Olusanya and Somefun 2009),
India (Augustine et al. 2014), China (Hong- Kong) (Ng et al. 2004) and Iran (Farhat et al.
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Table 4. Geographical areas from selected articles, reported prevalence rates of PHI (bi- and unilateral) and PHI
bi (bilateral only), for general neonatal, WB and NICU populations, including HI threshold, quality score and

LTFU.

Country (region, city) N Pop Threshold fol;;r EeI:iIOOO S;;l/tty Zf(f‘;j

General Population of Infants
Ireland (Galway)™ 25.742 40 dB 1.2 0.7 + +
Sweden (Stockholm)™ 31.092 40 dB 1.7 - -
UK (South-West England)®’ 21.279 40 dB 1.3 + -
UK (England)®* 169.487 40 dB 1.0 - -
UK (London)® 25.199 40 dB 1.7 1.4 + +
Germany (Hessen)”' 17.439 40 dB 2.1 1.7 + +
France (Ile de France)® 26.780 35 dB 0.6 + +
Ttaly (Siena)* 19.700 30 dB 1.8 1.2 + +
Italy (Parma)® 11.592 40 dB 33 22 - +
Ttaly (Milan)® 19.777 40 dB 3.2 1.7 + +
Poland (Poznan)®’ 6.827 40 dB 3.1 25 - +
Japan (Saitama)*’ 101.912  35dB 3.1 1.6 + -
China (Hong Kong)™ 1.064 40 dB 5.6 2.8 - -
China (Beijing)” 10.983 30 dB 32 1.1 - -
China (Guangxi)* 19.098 30 dB 23 - -
China (Shanghai)® 560.432 40 dB 1.0 120 + -
Taiwan (Taipei)™® 3.361 35 dB 1.5 0.6 -
Iran (Mashad)™ 8.987 25 dB 35 -
India (Vellore)™ 9.448 35 dB 4.1 3.2 - -
USA (New York state)™ 43.311 20 dB 2.0 1.1 - -
USA (Colorado)®’ 55.324 40 dB 1.5 1@ + 3+
USA, Hawaii (Honolulu)™ 10.372 35dB 1.4 - +
Brazil (Bauru)™ 11.466 40 dB 1.0 0.8 - +
Nigeria (Lagos)” 11.897 40 dB 6.0 4.8 - -
South Africa (Gauteng)®’ 6.241 35 dB 1.0 0.6 = =
Australia (Perth)®' 12.708 35dB 0.7 -
Australia (Queensland)™ 175.911 40 dB 0.7 9 4

WB
Netherlands®’ 547.061 40 dB 1.3 0.8 + +
Belgium (Flanders)” 103.835 35 dB 1.5 0.9
Japan (Hamamatsu)™ 4.085 40 dB 3.7 2.0 = +
China (Guangxi)™ 12.134 30 dB 1.98 - -
Iran (Mashad)™ 8.724 25 dB 3.0 = +
USA, Hawaii (Honolulu)> 8.971 35 dB 0.9 - -

NICU
Netherlands™ 10.830 35dB 18 15 - -
Netherlands”* 2.484 35 dB 24 18 = +

33



34 | Chapter 2

Table 4. Geographical areas from selected articles, reported prevalence rates of PHI (bi- and unilateral) and PHI
bi (bilateral only), for general neonatal, WB and NICU populations, including HI threshold, quality score and
LTFU. (continued)

Country (region, city) N Pop Threshold fog;r ::el:iIOOO S;Sa;ty 2::;':
N-Ireland (Belfast)” 417 40 dB 21 17 - +
China (Guangxi)®® 6.964 30 dB 2.7 2.0 - -

Iran (Mashad)™ 263 25 dB 19 - +
Iran (Babol)’® 3.362 20 dB 11 10 - -
USA, Hawaii (Honolulu)™ 1.401 35 dB 5 - +
USA (San Diego CA)' 5.901 35 dB 47 33 = =

Pop: population; P: prevalence rate; (1) threshold of 25 dB, (2) 35 dB, (3) only sensorineural PHI; LTFU: lost to

follow up.; +: meets criteria; -: does not meet criteria

2015). The lowest prevalence rates were found in Ireland (Adelola et al. 2010), South Africa
(Swanepoel et al. 2007), Brazil (Bevilacqua et al. 2010) and China (Shanghai) (Sun et al. 2009).
The prevalence rate for bilateral PHI only (unilateral PHI excluded) was 1.33 per 1000 [1.01,
1.63], which is about 2/3 of the overall prevalence rate. The prevalence rate for unilateral PHI
only (bilateral PHI excluded) was 0.78 per 1000 [0.51, 1.07] (Table 5).

Additional meta-analyses were performed for the studies reporting on NICU and WB popu-
lations. Table 5 summarises the most relevant results. The prevalence rate in the WB population
(1.93 [1.06,2.98]) was lower than the prevalence rate for the general neonatal population (2.21
[1.71, 2.8]). As expected, a substantially higher prevalence rate was found for NICU infants
(15.77 [4.65,29.25]) when compared to both the general and WB population (Table 5).

The relationship between prevalence rates of unilateral PHI and all PHI (uni- and bilateral)
was calculated for NICU infants and infants in the general neonatal population. Among the
general infant population, 34% [25, 42%]| of infants with PHI have a unilateral loss. Among
NICU infants, 22% [12, 30%] of infants with PHI have a unilateral loss.

The first sensitivity analysis showed that, when only studies with a high-quality score (>75%)
were included, the overall prevalence rate was 1.75 per 1000 [1.16,2.37].The second sensitivity
analysis concerned the threshold of PHI.When a stricter criterion was applied for the threshold
(35 dB HL), the overall prevalence rate was 2.14 per 1000 [1.47,2.88]. Both sensitivity analyses
found overall prevalence rates that did not differ significantly from the overall prevalence rate
in the general population. We included all selected studies regardless of quality score and choice

of threshold in the meta-analyses.

Analysis of variations in prevalence rates
For the analysis between geographical areas and prevalence rates of PHI, geographical areas
were categorised into five continents. Despite the appearance of prevalence rates varying by

geographical area, no statistically significant differences were found (Figure 4, See Supplemen-
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Table 5. Overall prevalence rates in a Bayesian random-effects model.

Overall prevalence Credible interval Number of
rate (per 1000) (per 1000) studies
General population PHI 2.21 1.71,2.8 20
General population bilateral PHI 1.33 1.01,1.63 23
General population unilateral PHI 0.78 0.51,1.07 16
Well babies 1.93 1.06,2.98 5
NICU Infants 15.77 4.65,29.52 7
General population PHI, high quality studies 1.75 1.16,2.37 8
General population PHI, threshold 235 dB HL  2.14 1.47,2.88 15
Ratio Credible interval Number of
studies
Ratio uni/uni+bi in general population 0.34 0.25,0.42 16
Ratio uni/uni+bi in NICU infants 0.22 0.12,0.3 6
Study Event Population dB GNI** Prevalence* [95% CI]
Olusanya 2009 71 11897 40 5680 5.63 [4.35,7.01]
Augustine 2014 39 9448 35 7060 3.86 [2.74, 5.11]
Swanepoel 2007 6 6241 35 13090 1.28[061,21] ——
Bevilacqua 2010 11 11466 40 15160 1.16 [0.65, 1.77] ——
Qi 2013 35 10983 30 16760 3.04 [2.15, 4.1] —
Sun 2009 540 560432 40 16760 0.97[0.89,1.05] W
Wenijin 2017 43 19098 30 16760 2.23[1.63, 2.91] —
Farhat 2015 31 8987 25 21010 3.25[2.23, 4.42]
Hsu 2013 5 3361 35 26340 1.73[0.76, 2.97]
Wroblevska 2017 21 6827 40 27920 2.88[1.79, 4.11]
De Capua 2007 35 19700 30 39640 1.8 [1.25, 2.38] —
Magnani 2015 38 11592 40 39640 3.13[2.18, 4.12] T
Pastorino 2005 63 19777 40 39640 3.09[2.38, 3.88] —
Watkin 1999 43 25199 40 42560 1.73[1.26, 2.25] e |
Adachi 2010 312 101912 35 44850 3.04 [2.72, 3.39] e
Neumann 2006 36 17439 40 51680 2.06 [1.45,2.72] —
Dalzell 2000 85 43311 20 60200 1.96 [1.58, 2.4] —
Mehl 2002 80 55324 40 60200 147 [1.17,1.79] —=
Adelola 2010 31 25742 40 61910 1.28[0.88,1.71] ——
Ng 2004 6 1064 40 64100 3.64 [1.46, 6.76]
Bayesian RE Model 2.21[1.71, 2.8] .

Figure 3. Bayesian Random-effects Model, PHI prevalence rates (per 1000) of the general neonatal population
sorted by GNI per capita. (Tau: 0.51 95% CI (0.34, 0.73))

(Event: Number of infants with PHI; *Weighted prevalence for each study; ** GNI: Gross National Income)
Please note that the prevalence rates in this figure are based on the fitted random-effects model and thus differ
from the prevalence rates in table 4. This discrepancy is due to the so-called shrinkage estimates that occur in

random-effects models.

tary Appendix 2 material) Prevalence rates seemed to be higher in Asia compared to Europe,
but the difference was not statistically significant (p=0.06). The relationship between PHI

prevalence rate and GNI per capita was not statistically significant (p=0.29) according to the

35



36 | Chapter 2

Bayesian logistic regression analysis. No significant trend was observed between prevalence rate
and the year in which the data had been collected (p=0.12). Additionally, no significant as-
sociation was observed between prevalence rate and the percentage of infants LTFU during the
screening and diagnostic process (p=0.16). Larger percentages LTFU were generally associated

with lower GNI per capita, but this association did not reach statistical significance (p=0.07).

DISCUSSION

In this systematic review and meta-analysis, the prevalence of PHI in neonatal populations
worldwide was investigated, as well as possible associations between prevalence and its determi-
nants. The overall prevalence rate of PHI of 40 dB HL or worse in one or both ears, was 2.21
per 1000. As expected, the prevalence rate of PHI in NICU infants was much higher when
compared to both WB and all infants, confirming earlier reports (Garinis et al. 2018; Wang et
al. 2017).

Interestingly, a PHI is more likely to be bilateral in NICU infants compared to the general
infant population. PHI in NICU infants is more likely to be acquired as the consequence
of, among others, infections, hyperbilirubinemia, hypoxia or ototoxic medication. These risk
factors for PHI would seem to have an effect on both ears, while other causes may affect one
or both ears (Garinis et al. 2018; Wang et al. 2017; Hille et al. 2007).

The highest prevalence rates were reported by studies performed in Nigeria (Olusanya
and Somefun 2009), India (Augustine et al. 2014), China (Hong-Kong) (Ng et al. 2004) and
Iran (Farhat et al. 2015), but they concerned rather small populations. The lowest prevalence
rates were found in Ireland (Adelola et al. 2010), South Africa (Swanepoel et al. 2007), Brazil
(Bevilacqua et al. 2010) and China (Shanghai) (Sun et al. 2009).

Prevalence rates were higher in studies from Asia than Europe, however, this difference was
not statistically significant. Countries with lower GNI per capita appeared to have higher but
widely distributed, prevalence rates. A statistical association between prevalence and GNI was
not found. Higher prevalence rates in developing countries and higher prevalence rates in Asia
compared to Europe, were found by Stevens and Mathers in their WHO studies (Mathers,
Smith, and Concha 2003; Stevens et al. 2013). These studies, however, concern older children,
include conductive HI and apply various thresholds. The current study concerns neonates, PHI
and strictly defined thresholds. The current study did not demonstrate a statistically significant
association between the prevalence of PHI in the neonatal period and geographical region or
low- and high-income countries, but such an association may still exist.

Unfortunately, both the current study and those by Stevens and Mathers contain a sparsity
of data from low-income countries (Mathers, Smith, and Concha 2003; Stevens et al. 2013).
Although this review includes studies from all over the world, the majority of the studies report

on results of NHS programmes in high-income countries or large cities. Far less information
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is available from Africa and South America. The results of this review inevitably reflect a great
extent the situation in high- income countries, which possibly causes an under- or overestima-
tion of the overall prevalence rate. It is obvious that there is a strong need for more prevalence
studies from low-income countries and regions.

The prevalence rate of PHI, as reported in a study, should be considered with caution. The
reported prevalence rate in an approximation of the “real” prevalence rate and is not only
determined by medical factors, but also by study factors. Medical factors determine the “real”
prevalence, which is the factual (but unknown) number of infants affected in a population. A
study uses methods (study factors) to reveal the “real” prevalence. Unfortunately, these methods
may influence the outcome to an unknown extent.

Direct medical factors include genetic disorders, antenatal or postnatal infections, hyperbili-
rubinemia, hypoxia, medication (aminoglycosides, diuretics). Indirect medical factors include
the availability and quality of health care provisions such as birth clinics, NICU and vaccination
programmes, but also consanguinity and mortality rates. These factors are highly dependent
on social, economic and cultural circumstances, and therefore, likely to vary considerably
across countries. Congenital CMV is one of the most important non-genetic causes of PHI
in neonates (Grosse, Ross, and Dollard 2008). It was found to be more prevalent in Nigeria,
China, India and the Middle East (Zuhair et al. 2019). The incidence of infectious diseases and
presence of vaccination programmes are likely to be associated with the economic situation
of a country (Stevens et al. 2013), in contrast to global distribution of genes causing HI, and
the prevalence of consanguineous marriages (Mathers, Smith, and Concha 2003; Stevens et al.
2013; Freeland, Jones, and Mohammed 2010). Consanguinity is especially common in North-
Africa, the Middle East, South-West Asia and India (Black 2018). Neonatal PHI is assumed to
be hereditary in more than 50% of cases, the majority being autosomal recessive (Grundfast
2002; Smith and Taggart 2004; Denoyelle et al. 1997; Zelante et al. 1997). As aetiological data
on neonatal PHI mainly originate from developed countries, we cannot be certain whether this
percentage also applies to the rest of the world. Study of the distribution of the numerous genes
associated with HI across the world is complex, but more information is gradually becoming
available (Chan and Chang 2014).

This systematic review targets “real” prevalence rates and how they depend on medical,
economic and cultural circumstances. Nevertheless, the differences in study design and screen-
ing procedures between articles must be considered, as these factors influence the reported
prevalence rates.

Study factors are the choice of the population studied, its size and composition, the defini-
tion of PHI, including the threshold, characteristics and quality of the audiometric testing and
numbers of infants LTFU. The selected population determines to a large extent the reliability
and relevance of a reported prevalence rate. The definition of PHI, the type and threshold used,
has an effect on the reported prevalence rate. A poorly performed test will lead to more false

“refers”, and thus more re-testing, which is likely to increase the number of infants LTFU. A
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high percentage LTFU will result in an underestimated prevalence rate because the denomina-
tor (the population) is usually defined as the number of neonates entering the screening pro-
gramme or study group.The high percentage of infants LTFU may contribute to the reported
low prevalence rate in the study by Sun in Shanghai (Sun et al. 2009). The number of infants
LTFU may be especially high in developing countries, as the socio-economic circumstances
too often impede the functioning and use of medical facilities. This implies that the “real”
PHI prevalence rates in developing countries could be even higher than the reported ones.
Although the assumption that LTFU may be associated with GNI, was not confirmed by the
statistical analysis (p=0.07), inclusion of more data from high-quality studies could possibly
make a difference. The prevalence rate calculated for studies with a high-quality score was 1.75
per 1000, and the prevalence rate for all included studies was 2.21 per 1000. However, this
result could have been biased by regional factors, as most high-quality studies were performed

in Western Europe.

Proposal reporting prevalence

Several studies reported on prevalence rates but did not describe their results in a way that
was useful for this study. There is clearly no uniform methodology for defining, calculating or
reporting data on prevalence rates of HI. Therefore, it is proposed that future studies reporting
on prevalence rates define the studied type(s) of HI in terms of sensorineural, permanent
conductive, transient conductive and mixed HI, with a defined cut-off value (preferably 40 dB
HL in neonates) for prevalence rate calculation; indicate if HI is bilateral, unilateral or both
bi- and unilateral; use the most recent WHO (2018) classification to report on the degree of
HI; state the age at which the diagnosis is definitive, the audiometric tests used for screening
and diagnostics, the study group size, composition, proportion NICU/ WB, and number of
infants LTFU.

CONCLUSION

Worldwide prevalence rates of HI in children of various age groups are becoming increasingly
available, partially due to the ongoing implementation of universal NHS programmes. Much
of the existing information concerns older children, and reported prevalence rates in neonates
originate mainly from high-income countries. Our systematic review shows that approximately
2 per 1000 neonates worldwide are identified with neonatal PHI, of which approximately
two-thirds are bilateral. Although no statistical significant correlations were found with de-
mographic or study factors, prevalence rates in neonates tend to be higher in countries with
lower incomes, and higher in Asia than in Europe. A marked lack of uniformity exists in studies,

especially with regard to the definition of HI.
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ABSTRACT

Objectives
Newborn hearing screening (NHS) varies regarding number and type of tests, location, age,

professionals and funding. We compared the provision of existing screening programmes.

Design

A questionnaire containing nine domains: demography, administration, existing screening,
coverage, tests, diagnosis, treatment, cost and adverse effects, was presented to hearing screening
experts. Responses were verified. Clusters were identified based on number of screening steps

and use of OAE or aABR, either for all infants or for well and high-risk infants (dual-protocol).

Study Sample
Fifty-two experts completed the questionnaire sufficiently: 40 European countries, Russia,
Malawi, Rwanda, India and China.

Results

It took considerable effort to find experts for all countries with sufficient time and knowledge.
Data essential for evaluation are often not collected. Infants are first screened in maternity
wards in most countries. Human development index and health expenditure were high among
countries with dual protocols, three screening steps, including aABR, and low among countries
without NHS and countries using OAE for all infants. Nationwide implementation of NHS

took six years, on average.

Conclusion
The extent and complexity of NHS programmes are primarily related to health expenditure
and HDI. Data collection should be improved to facilitate comparison of NHS programmes

across borders.
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INTRODUCTION

It has been 20 years since the first publications on the longstanding benefits of ecarly de-
tection of hearing impairment (HI) and intervention through newborn hearing screening
(NHS) programmes (Yoshinaga-Itano and Apuzzo, 1998a,Yoshinaga-Itano and Apuzzo, 1998b,
Yoshinaga-Itano et al., 1998). Prior to NHS, methods used to identify infants with HI included
an inventory of risk factors or universal screening using the distraction test. The distraction
test was not feasible until at least 7 months of age, and results were highly confounded by false
positives and false negatives (Davis et al., 2001). In the 1990s, objective hearing tests such as
otoacoustic emission (OAE) and automated auditory brain stem response (aABR) allowed
screening to be performed at a much younger age. Using these tests reduced the cost per infant
tested by half (Stevens et al., 1998, Uus et al., 20006). Reducing the age of hearing screening
opened the possibility for earlier intervention, minimising the impact of HI on speech, language
and general development and academic performance (Ching et al., 2018).

Many countries, regions and hospitals across the world have since implemented and sus-
tained a universal NHS programme, in which infants eligible for screening are defined as all
infants who are born in a certain country, region, or hospital. Variations exist across countries
in how newborn hearing screening programs are implemented, which may make it difficult
for policy makers and professionals in other locations to decide on best-practice protocols.
International position statements provide some guidance for best practice (Joint Committee
on Infant Hearing, 2007, World Health Organization, 2009, European Consensus Statement on
Neonatal Hearing Screening., 1999). Furthermore, differences exist in health care environments
across countries. Hearing screening experts or policy makers may need to adapt guidelines
and construct protocols for the successful implementation of NHS in their local health care
environment (World Health Organization, 2009). All NHS programmes aim to identify infants
with HI early in life so that appropriate intervention may be provided, but different approaches
are used to reach this shared goal (Sloot et al., 2015, World Health Organization, 2009, Vos et
al., 2016).

Existing NHS programmes have been compared in a number of studies. These studies dif-
fered in the methods used, the countries or regions included, and the scope of the study (White,
2010, Sloot et al., 2015,Vos et al., 2016, Kanji et al., 2018, World Health Organization, 2009).
These studies identified common screening sequences used across existing NHS programmes.
An aABR protocol with multiple steps was most prominently used for infants with an in-
creased risk for HI or retrocochlear dysfunction. An OAE protocol was most prominently used
for infants without this risk. However, the central finding in these studies was that the choices
made within NHS programme organisation and protocol design are diverse across countries.
Within NHS, studies have not yet investigated the nature of the diversity of protocol design, the
interaction of parameter choices, the country-specific factors behind the decisions that drive

policy on NHS, and the possibility of harmonising best-practice guidelines within Europe.
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A more detailed and essential overview of implemented NHS programmes is needed to
inform policy makers on the considerations for planning and implementing NHS. When mak-
ing the decision to implement an NHS programme, policy makers may consider the local
(health care) circumstances, previous experiences, advice received from other programmes,
or implementation research performed within the programme or elsewhere. The diversity
between NHS programmes across regions and countries makes it difficult for policy makers
to decide on how to optimise existing NHS programmes or how to implement a new NHS
programme in their country.

The EUSCREEN study evaluates and compares the cost-effectiveness of vision and hear-
ing screening programmes. A decision-analytic cost-effectiveness model is being developed to
calculate the optimal, most cost-effective vision and hearing screening programme taking the
local circumstances of a country into account. This model will be made available to health care
policy makers to introduce, modify or disinvest screening programmes. For the development of’
this model, detailed information regarding hearing screening protocols, organisation of general
preventive healthcare and local societal background was needed. We therefore carried out a
comprehensive inventory of hearing screening in countries and regions, primarily in Europe.

This article and the accompanying article (Mackey et al., 2021) explore the results from this
international inventory of hearing screening programmes. Specifically, these articles evaluate
the existing approaches to NHS, its outcomes, and the possible features that influence NHS
policy and performance. The current article inventories the provision, status and features of
NHS in 45 countries to better understand the variability and the rationale for the diversity
across programmes. The factors explored in this article include organisation, protocols, screen-
ing targets, referral pathway, infant age, location, screening professionals, and funding. The
accompanying article (Mackey et al., 2021) details the effectiveness of NHS programmes from
screening quality measures. In these articles, NHS is defined as hearing screening performed
from birth to age 6 months. A description of childhood hearing screening programmes after

the newborn period will be reported on in a separate article.

METHODS

Development of the questionnaire

A comprehensive questionnaire was developed to gather detailed information on general
paediatric, vision and hearing screening programmes, following the success of a pilot study
described in Sloot et al. (2015). Within this pilot study, a short questionnaire containing 25
questions was sent out to screening experts in 38 countries to measure their response, and al-
most all participated. A focus group of hearing and screening experts formulated 191 questions
on hearing screening. An additional 126 questions were formulated on vision screening and 82

questions on general screening. Questions were categorised into nine domains: demography
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and epidemiology, administration and general background, existing screening programmes,
coverage and attendance, tests and devices, follow up and diagnostic assessment, treatment
options, costs and benefits and adverse effects.

Three types of questions were used: open-ended, multiple-choice and yes-no questions.
Most of the questions were followed by a sub-question about the source of the information
provided. A respondent could choose between (a) Data unavailable, (b) I don’t know, (c) Rough
estimate, (d) Real estimate from calculation, or (¢) Actual data. The questionnaire then asked for
the name and date of the data source if indicated.

The EUSCREEN questionnaire (Appendix 1) was converted to a web-based questionnaire,
accessible through the EUSCREEN website (www.euscreen.org). As a separate consortium
partner within the EUSCREEN study, the EUSEREEN foundation served to collect the data.
So called Country Representatives (CRs) were elected by a tender procedure as prescribed by
EU regulations, one for vision, one for hearing and one for general screening for each country.
They were awarded a remuneration up to €2000 after they had sufficiently completed their
part of the questionnaire. CRs registered online and progressed through the tender procedure,
in which their role in the local screening programme and rights to data were assessed. Once

accepted, the CR could log in using a unique username and password.

Formation of the Country-Committees Joint-Partnership of
EUS€REEN Study Consortium

The Country-Committees Joint-Partnership of EUSEREEN foundation had been formed as
an international collaboration of CRs in hearing, vision and general screening. In each of these
countries, CRs on hearing screening were actively searched through screening organisations,
publications in peer reviewed journals on the subject, national audiology and ENT societies,
existing professional contacts and other CRs who had already registered. CRs representing
countries or regions outside of the original selection were not actively searched, though they
were welcome to participate. The CRs were contacted through e-mail, telephone calls and in-
person meetings during conferences. When CRs were unable to complete the questionnaire,

measures were taken to find additional CRs.

Collection of data

Preliminary efforts were made to collect data representing hearing screening for an entire
country, but in many instances hearing screening programmes were organised and managed
regionally. In these circumstances, the questionnaire was answered by a regional CR and these
data were then considered representative only for that regional screening programme.

The questionnaire was originally accessible on the EUSCREEN website from March 2017
until December 2018. Several CRs required significant time for receiving approval, calculating
results, and sharing outcomes from internal registries so the deadline for data submission was

extended to June 30th 2019 (Figure 1, Appendix 2). CRs were encouraged to seek information

51



52 | Chapter 3

and support from local contacts and resources in their home country or region to help fill in
any unknown answers (e.g., costs of screening).

Multiple steps were taken to ensure the accuracy of the data. Firstly, CRs were asked to
agree to an audit to validate responses. Secondly, when multiple CRs agreed to answer the
questionnaire for the same programme, the same questions were asked to all CRs. Thirdly, the
CRs were asked to cite the source of their answers in all relevant cases and provide a copy to
the researchers if accessible, additional sources were searched for and accessed online. Source
material was translated via Google Translate when necessary for verification purposes. In order
to track any inconsistencies in the definitions of terms used in the questionnaire, a glossary was

created and distributed (Appendix 3).

41 H2020 countries: 6 countries outside Europe:

European countries Malawi, Rwanda, Russia,

+ Turkey and Israel South-Africa, India, China
1 not sufficiently < ¥ 1 not sufficiently
completed (Norway) | completed (South-Africa)

EUSCREEN questionnaire received
52 Country Representatives from 45 countries

| Verification and validation process |

47 reports made

15 regional reports | | 32 national reports

Figure 1. Flow chart displaying the number of participating countries, the number of reports
made and the number of countries with NHS implemented. In some cases, multiple CRs filled out the

questionnaire for the same country, in other cases, more reports were made for regions wihtin the same country

Validation of answers and clarification

Each survey response went through a verification and validation process (Figure 2, Appendix 2).
Firstly, each response was checked for completeness and was cross-checked internally. In cases
where multiple CRs completed the questionnaire for one programme, the consistency of each
answer was evaluated between respondents. In all cases, answers were evaluated to other similar
answers provided by the same respondent. Secondly, answers were cross-checked externally
with source material provided and acquired through a programme-specific literature search.
Thirdly, a list of clarification questions was prepared for each CR from any discrepancies noted
in the verification process. This list contained any questions pertaining to: incomplete responses
or inconsistencies noted during the verification stage, accessible source material that was not
provided, responses based on a source that was not referenced, or responses of actual values
or calculations where the details were not described or were inconsistent with the definition

provided in the glossary. Finally, a report was drafted illustrating the current situation for child-
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hood hearing screening in each participating country or region. Details of the definitions,
source, and date of data collection were also described. The CRs were sent a copy of the report

and provided their final comments and/or confirmed the final validity of the document.

Low-risk infant protocol High-risk infant protocol

4 ®
; ® ) ® o
@® o °
] ® @ ®

None OAE OAE, aABR aABR None OAE OAE, aABR aABR

A

Number of steps

Figure 2. Type of protocol against number of steps. Protocols for low- and high-risk infants were com-
bined with single-protocol design, in which the same protocol is used for both low- and high-risk infants. High-
risk programmes that directly refer to diagnostic assessment without screening and programmes with varying
protocols across a country or region were omitted. OAE, aABR: only the final step includes aABR, aABR for
high-risk infants: aAABR may be performed alone or together with OAE (OAE+aABR). A step is defined as that

screening is performed and a result of pass or refer is obtained.

Data management

Demographic data such as World Bank classification, gross-domestic product (GDP) per capita,
health expenditure and human development index (HDI) were added. The HDI uses life
expectancy, education, and per capita income indicators to rank countries. (The World Bank,
2019, World Health Organization, 2019, United Nations Development Programme, 2019)
Programmes that use one test protocol to screen all eligible infants, are referred to as single-
protocol design. A dual-protocol design is where a different protocol, which includes direct
referral without screening, may be used for infants with an increased risk of HI. This group
mainly consists of infants admitted to the neonatal intensive care unit (NICU); the other risk
factors used are described in detail in Table 1, Appendix 2. Infants with an increased risk of
HI are referred to as ‘high-risk’ infants, and all other infants, infants born well, are referred
to as ‘low-risk” infants. Programmes that only screen high-risk infants are defined as selective

programmes.
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Cluster analysis

A hierarchical agglomerative cluster analysis using a complete-linkage method was performed
in SPSS (v.26.0), to identify groups of NHS programmes with similar protocol designs. Due
to the relatively small sample, the number of variables that could be included in the cluster
analysis were restricted. Factors such as screening location, professional, and infant age were not
considered, as these decisions may be driven by the existing local structure of postnatal care.
The diversity of decisions made on NHS protocol designs, however, was unexplained. Five
variables were selected that comprehensively described the entire NHS protocol design: the
programme type (no NHS programme, selective programme, single-protocol programme, or
dual-protocol programme), the choice of using OAE only vs. including aABR in the protocol
for low-risk infants, the number of steps for low-risk infants, the choice of using only OAE in
step 1 (i.e., without aABR/ABR) for high-risk infants, and the number of steps for high-risk
infants. The use of aABR technology in any step (low-risk) or step 1 (high-risk) was based
on strategies recommended by the Joint Committee on Infant Hearing (2019). A category
of “Not Applicable” was available for each protocol variable and was assigned to countries
without an established NHS programme or with selective screening where appropriate. Note
that the definition of a “step” is that screening is performed and a result (i.e., pass or refer) is
obtained. When both OAE and aABR screening tests are performed to obtain one result (pass
or refer), this is considered one step. Because insufficient information was provided regarding
the different protocols used across India, assigning values for these variables was not possible
and India was not included in the cluster analysis.

Clustering NHS programmes into groups, can reveal key factors that may be related to design
choices. In an agglomerative method, clusters are built up into larger and larger groups until all
cases are included. This is represented in a dendrogram (Table 2, Appendix 2). The dendrogram
displays how closely countries or regions are linked together.The complete-linkage method was
used to create links between countries or regions, as this method can be applied to categorical
(nominal) data. In the complete-linkage method, the maximum distance between two clusters
is calculated to determine the dissimilarity between all cases, resulting in a dissimilarity matrix
for all pairwise comparisons. A chi-square measure was used to calculate this distance. The
resulting distance between clusters is that between the furthest possible points (Defays, 1977).
The optimal number of clusters was validated using the stopping rule with the agglomeration
coeficients (indicating the heterogeneity between clusters) and a comparison of silhouette
coeflicients. Silhouette coefficients measure the strength of cluster cohesion and separation.
To apply the stopping rule, the agglomeration coefficient chart was visually inspected across
an increasing number of clusters to identify the point before a large drop in value. Finally, the
dendrogram was inspected to consider the utility of the clustering.

Kruskal-Wallis tests (a non-parametric test to compare independent samples) were per-
formed to evaluate measures of health expenditure per capita and HDI across clusters. Health

expenditure per capita was selected as it represents the potential financial resources available for
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NHS on a system level, and HDI was selected as it represents a broader measure of social and
economic growth on an individual level (scale of 0 to 1). P-values were adjusted by Bonferroni

correction for multiple pairwise comparisons where applicable.

RESULTS

Recruitment of hearing screening experts

Recruiting a local CR with knowledge about the local screening programme was the preferred
option for sharing and aggregating data. However, the level of access to information of local
CRs needed to be established. It took considerable effort to identify a single representative
across all countries with the breadth of knowledge and equally importantly the time to fill
out the full extensive questionnaire. For many programmes, CRs consulted other professionals
with knowledge of the requested information to help them complete unknown answers. If
the questionnaire could not be completed fully, additional CRs were engaged to complete
the remainder of the questionnaire. This enabled data supply from multiple sources covering
elements such as costs, prevalence and intervention options.

Even for some highly developed screening programs, some information was not recorded
within the programme or was not accessible by the CR. This information was regularly un-
available for questions on intervention, quality indicators, costs, prevalence, and sensitivity/
specificity of screening. For questions on NHS organisation, screening professionals, and target
age and conditions, over 90% of the countries or regions provided complete answers (Figure
3, Appendix 2).

During the collection of information, regular contact was maintained with CRs to encourage
the data completion. Furthermore, CRs were supported when technical difficulties occurred.
When registered CRs encountered difficulties or did not have access to the requested informa-
tion, new CRs had to be found. The first hearing CR registered on April 12th, 2017, the last
complete questionnaire was submitted on June 30th, 2019. It took a considerable amount of
time for CRs to collect all necessary information and fill out the questionnaire. It took a mean
of 114 days between registration on the website and submission of the questionnaire (median

of 44, range from 1 to 558 days) (Figure 1, Appendix 2).

Participating countries, regions and reporting CRs

The web-based questionnaire was completed sufficiently by a total of 52 CRs from 45 coun-
tries out of at least 85 CRs approached (Figure 1). CRs from Norway and South Africa did
not fill out the questionnaire sufficiently for inclusion in the analysis. The participation of
countries that were geographically located within or affiliated with Europe was actively sought.

Out of all countries fully or partially geographically located in Europe, 39 were represented in
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Figure 3. Box plots displaying the Human Development index and health expenditure per capita
separately for each cluster expect the Selective NHS cluster and for all five clusters combined. The
selective NHS cluster is not displayed because only two countries are included, Malta and North Macedonia.
Health expenditure per capita and human development index for each country are available in Table 2, Appendix
2.The No NHS cluster contains countries without established NHS. Single OAE only contains mostly protocols
that screen infants with low and high risk for HI with the same protocol (OAE only). In Dual OAE-only and
Dual including aABR different protocols are used to screen infants with low and high risk for HI. For protocols
in Dual OAE-only, only OAE is used to screen low-risk infants; protocols in Dual including aABR include aABR.
The box plots represent the median (centre line), the 25" and 75" percentile (length of the box) with whiskers

indicating the minimum and maximum values.

the analysis. Faroe Islands participated independently from Denmark. All member states of the
European Union participated, in addition to Israel as an associated state.

Despite the predominance of participating countries in or affiliated with Europe, participa-
tion in this study was open to any country. The additional countries supplied information that
could not be collected from within Europe, i.e., from very large or highly populated countries
and from low-income countries.

The participating countries included two low-income, three lower-middle income, 10
upper-middle income, and 30 high-income countries, according to the World Bank classi-
fication system (The World Bank, 2019). The GDP per capita ranged from €195 to €92600
(median: €16560), and annual health expenditure per capita ranged from €30 to €8575 (World
Health Organization, 2019). HDI ranged from 0.477 to 0.944 (median: 0.870) (United Nations
Development Programme, 2019) (Table 2, Appendix 2).

CRs were predominantly medical professionals, of which the majority were otorhinolaryn-
gologists. Of all CRs, 30 were involved in the organisation of the screening programme, two
supervised screening, 18 were involved in diagnostic assessment and intervention of infants

failing the screening and two were involved in other health care provision.

Current status and presence of NHS programmes

A total of 42 established NHS programmes were included in the analysis. A complete list of

participating countries and regions with their corresponding NHS programme (if applicable)
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can be found in Table 1, including the variety of protocols, organisational authority and reach.
Because of the multi-step verification and validation process performed, there is a high level of
confidence in the information reported in this article.

Nationwide universal NHS is lacking in more low- and middle-income countries than
high-income countries. For the 30 high-income countries surveyed, four do not have na-
tionwide universal NHS, while for the 15 low- and middle-income countries surveyed, 12
lack nationwide universal NHS. These 12 countries are among the low- and middle-income
countries with the lowest health care expenditure per capita and GDP per capita. Out of these
12 countries, five do not have an established NHS programme, however, most perform some
sort of screening. NHS may be project-based, only performed in private hospitals or only some
hospitals provide selective screening.

NHS in the EU was first implemented in the mid-1990s, and a sharp incline in NHS imple-
mentation can be observed in the mid-2000s. It took an average of six years (median of three
years, range of 0 to 18 years) for countries to achieve nationwide reach after implementation

(Figure 4, Appendix 2).

Programme features

A dual protocol is reported to be followed in 29 programmes, which means that high-risk
infants are screened using a different protocol as compared to low-risk infants. For nine NHS
programmes, the same protocol is used for all infants, i.e., a single-protocol design. In Finland
a single or dual protocol may be used depending on the hospital. Malta and North Macedonia
have selective programmes. All protocols are described in Table 1 for individual programmes
and summarised in Figure 2.

Variability was found across the indicators used to classify risk among participating NHS
programmes with dual-protocol designs (Table 1, Appendix 2). Admittance to the NICU is
commonly used as an indicator for high risk, although, the minimum length of stay in the
NICU varies. For many NHS programmes additional risk indicators were reported (range
of 0 to 12, average of 6), which may cover the infants admitted to the NICU (e.g., assisted
ventilation, infections) or not (e.g., family history, caregiver concern).

The type of test and the number of steps for both low and high-risk infants are displayed in
Figure 2. Some protocols were grouped together for the purpose of this comparison. Among
protocols used for low-risk infants, a two-step protocol or three-step protocol is most frequent
(Table 1 and Figure 2). In Hungary and Russia, a one-step protocol is used, however, repeat
screening is allowed prior to discharge (i.e., counted in the same step). Among protocols used
for high-risk infants, a one-step protocol or two-step protocol is most common (Table 1 and
Figure 2). In the Wallonia-Brussels Federation (Belgium), high-risk infants are referred to di-
agnostics without screening. In Poland and Russia, high-risk infants are referred to diagnostics

regardless of screening outcome. Fewer steps tend to be used when screening for HI among
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high-risk infants than for low-risk infants. The screening protocol for high-risk infants more
often includes aABR to screen for retrocochlear disorders.

Within all 29 dual-protocol design programmes participating, OAE is used in step 1 for all
low-risk protocols, and aABR is used in step 1 for 24 high-risk protocols. An aABR screen
may be performed alone or together with an OAE screen in the same step (i.e., OAE+aABR).
There are only two participating single-protocol programmes in which all infants are screened
with aABR using either one or two steps. For the remaining seven single-protocol programmes,
all infants are screened using OAE for steps 1 and 2. Two of these also have a third step using
aABR.

Other NHS programme features such as screening professionals, screening location and the
age of the infant at each step of screening varied across participating programmes (Table 3,
Appendix 2). A large array of professionals perform screening, including nurses, audiologists,
midwives, otorhinolaryngologists, paediatricians, dedicated screeners, and health care workers
or technicians. Infants in most NHS programmes typically complete step 1 in the hospital
(maternity ward or NICU) before discharge. Low-risk infants typically leave the maternity
hospital between 24h and 72h after birth, steps 2 and 3 are usually performed after discharge.
High-risk infants stay in the NICU longer and step 2 and 3 can take place before discharge if
needed.

All 42 programmes are funded by the government or health insurance except for Cyprus and
Poland, where the national programme is funded predominantly by charity. All participating
NHS programmes are free for parents except in the Wallonia-Brussels Federation in Belgium
where a fee is billed to parents upon discharge from the maternity hospital to supplement the
costs. When infants are delivered in private maternity hospitals, parents would be charged for
NHS by the hospital.

Aim of screening programme and criteria for referral

The Joint Committee on Infant Hearing (2007) makes recommendations on target age:
completion of screening by 1 month of age, completion of diagnostics by 3 months of age and
initiation of intervention by 6 months of age. CRs from 36 programmes indicated that they
follow an existing local guideline (Table 4, Appendix 2).The typical age for hearing aid fitting
was reported to be 0-6 months of age for 35 out of 42 NHS programmes. However, typical
age of hearing aid fitting was reported to be above 6 months for four programmes without
universal NHS and not specified for three programmes.

In addition to age, target conditions are also reported for the severity of HI for both screen-
ing and intervention. However, it is important to realise that target conditions are specified as
a hearing threshold (dB HL) while OAE and aABR are screening technologies that estimate
the integrity of auditory function. For screening, over half of the reporting programmes de-
scribed a target condition of 20 dB HL or greater. Bilateral and unilateral HI are the reported
target conditions for 22 low-risk infant and 17 high-risk infant programmes. Bilateral HI only
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is reported as the target condition for nine low-risk infant programmes and four high-risk
programmes (Table 4, Appendix 2).

In most cases, devices from one manufacturer are often selected for an entire NHS pro-
gramme. A total of 13 different models across seven manufacturers were reported by 25 NHS
programmes.

For most participating programmes, hearing aids are fit when a HI exceeds 30 to 40 dB HL
(25 out of 41), though the range varied across programmes from >21 to 260 dB HL. For about
half of the participating programmes, unilateral HI is fitted, even if on a case-by-case basis;
for the other half, only bilateral HI is fitted. Despite this fact, most still refer infants that fail

screening in one ear only.

Cluster analysis: Screening protocols

Five clusters were optimally generated for 45 protocols of included countries or regions, except
India. Silhouette values for four, five and six clusters were calculated to be 0.37,0.58 and 0.62.
It was not clear from the silhouette values alone whether to select a five- or six-cluster solu-
tion. The stopping rule was applied, which signified a stopping point at five clusters. Further
inspection of the dendrogram (Table 2, Appendix 2) confirmed this approach.The dendrogram
revealed that, for a six-cluster solution, only two countries (Estonia and Faroe Islands) would
form the sixth cluster. Because these two countries would ultimately be excluded from further
analyses of health expenditure per capita and HDI in a six-cluster solution, the five-cluster
solution was optimal for evaluation.

Table 2 describes each of the five clusters. All countries without an established NHS pro-
gramme were grouped into the first cluster: No NHS. Countries with selective screening
(Malta and North Macedonia) were grouped into the second cluster: Selective NHS. The
cluster analysis grouped countries and regions with existing universal NHS programmes into
the remaining three clusters. In the Single OAE-only cluster, all infants (including high-risk)
are screened using only OAE in step 1, and a single protocol design for both high- and low-risk
infants is used in seven out of the nine programmes. In the Dual OAE-only cluster, an OAE-
only protocol is used for low-risk infants in all 14 programmes, eleven of which have two steps.
An aABR is used in step 1 for high-risk infants. Similarly, in the Dual including aABR cluster,
aABR is used for high-risk infants; however, aABR is also used for low-risk infants either for
initial screening or for rescreening. Ten programmes have three steps. In general, the number
of steps were greater for low-risk protocols than for high-risk protocols. This is also revealed
in Figure 2, which displays the protocols for low- and high-risk infants across both single- and
dual-protocol designs. It displays a preference for two-step OAE and three-step OAE, aABR
protocols for low-risk protocols, while no obvious preference is revealed for high-risk proto-
cols. All protocols are described in Table 1 for individual programmes.

Kruskal-Wallis tests revealed significant differences in health expenditure per capita (p<<0.001)
and HDI (p=0.001) across all clusters except the Selective NHS cluster. These differences,
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including the percentiles for each metric across clusters are illustrated in Figure 3. Because
the Selective NHS cluster contained only two countries (Malta and North Macedonia), it was
excluded from the analysis. Post hoc pairwise comparisons for health expenditure per capita
revealed significant differences between the Single OAE-only and the Dual including aABR
cluster (p=0.016), between the No NHS and Dual including aABR cluster (p<0.001), and
between the No NHS and Dual OAE-only cluster (p=0.006). Significant and near significant
differences were also found for HDI between the Single OAE-only and Dual including aABR.
cluster (p=0.013), between the No NHS and Dual including aABR cluster (p=0.003) and
between the No NHS and Dual OAE-only cluster (p=0.055). Although some of the reported
protocols were region-specific, health expenditure per capita and HDI were only available for
the whole country. Values were not available for Faroe Islands, so this country was excluded

from the Kruskal-Wallis analyses.

DISCUSSION

Results of this study show that, in most participating countries, the first screening step takes
place 24-72 hours after birth, before discharge from the maternity hospital. Countries with
the lowest health expenditure and HDI do not have NHS yet. Among countries with NHS
programmes, those with the lowest health expenditure and HDI use OAE only to screen all
infants and use fewer screening steps. Screening is performed by a diversity of screening profes-
sionals. Implementation of NHS takes six years on average to scale up to nationwide screening.

In this study, a comprehensive survey was undertaken investigating all aspects of childhood
hearing screening, from its organisation, protocol, intervention, outcomes and costs. The ex-
tensive international network of screening experts covered almost all countries in Europe. The
information received was verified and validated ensuring high accuracy of the data reported.
The original purpose of this study was to gather data about hearing screening programmes to
populate a cost-effectiveness model, which is the main product of the EUSCREEN project.
This model compares the cost-effectiveness of hearing screening programmes across countries,
taking local circumstances into account.

However, much of the data essential for evaluation of cost-effectiveness, particularly the
prevalence of HI, hearing screening outcomes, and costs, were not provided even by some
countries with highly developed hearing screening programmes (Mackey et al., 2021). Data
were sometimes not compiled in a central database, or data governance regulations prevented
CRs from accessing or sharing the required information. Moreover, in some cases, CRs were
well informed about one part of the hearing screening programme (e.g., screening low-risk in-
fants) but were less familiar with other parts. It was a considerable time commitment to gather
the requested information, both for the CRs and the researchers. Regular phone and email

reminders, engagement with additional experts, and full-time technical support were needed

63



64 | Chapter 3

to complete a study of this scale across countries where sustainable methods for quality control
were often lacking. The lack of data that can be compared across countries may perpetuate the
lack of uniformity of hearing screening programmes in Europe. In the future, a cross-border
exchange of data can only be feasible if data collection, monitoring and quality control exist
across all programmes.

From our data, we can derive at least five essential questions with which policy makers are
faced. First, they must decide on the location of screening, which may be connected to the age
at which an infant is screened. Screening can take place before discharge from the maternity
hospital within the first days after birth or later, e.g., in the hospital, healthcare centre or at
home. Next, the professional performing the screening should be decided on; this could be
someone already employed at the screening location (e.g., nurse, midwife or physician) or
someone specially hired and trained to only perform screening. Third, the type of screening
device(s), either OAE, aABR or a combination of both, and fourth, the number of steps, make
up the screening protocol. Finally, policy makers must decide if a separate protocol will be used
for high-risk infants. It is unclear and debatable if one set of guidelines for NHS implementa-
tion would be ideal or even beneficial among countries with high variability across postnatal
care, resources available and health care organisation, as certain decisions on NHS policy are
made based on local circumstances.

In countries where the majority of infants are born in a maternity hospital, performing the
first step of screening before discharge ensures high coverage. Completing all screening steps in
the maternity hospital can avoid loss to follow-up that could otherwise occur between screen-
ing steps. However, residual amniotic fluid in the middle ear reduces the number of infants that
pass screening when screening is performed within the first days after birth (Berninger and
Westling, 2011). In some countries, screening professionals are already involved in postnatal
care, ranging from nurses to physicians, whereas other countries use dedicated screeners for
NHS. Although professionals with a medical background may require less initial training,
which lowers initial costs, combining screening with other work can result in less practice and
higher overall referral rates, compared to dedicated screeners (Vohr et al., 2001).

This study found that the provision of NHS and the screening protocol — the use of both
OAE and aABR, the number of screening steps, and screening high-risk infants with a separate
protocol — are related to health expenditure and HDI. In middle- or low-income countries
with fewer resources available for preventive healthcare, a single screening protocol using only
OAE may be chosen because of initial cost savings. The cost for aABR screening, including
the device, consumables, screening time and training, is up to two times higher than the cost
for OAE screening (Vohr et al., 2001, Boshuizen et al., 2001). Policy makers should be aware
that excluding aABR from the protocol for both low- and high-risk infants, may put these
countries at a long-term disadvantage. Screening with aABR is less influenced by middle ear
fluid, and including aABR in the protocol reduces the total number of false positives (Caluraud

et al., 2015). Reducing the number of referrals eases the burden on diagnostic centres and
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can reduce the number of infants lost to follow-up (Mackey et al., 2021). Thereby, the overall
effectiveness of the NHS programme may be higher when including aABR, particularly in
countries where loss to follow-up is a concern. Furthermore, because of the higher prevalence
of retrocochlear disorders among high-risk infants, aABR is the recommended technology
for screening among the high-risk population (Joint Committee on Infant Hearing, 2019,
EFCNI et al., 2018). Despite these points, an NHS programme with OAE screening may be
the preferred choice for low- and middle-income countries with limited resources particularly
during early stages of implementation.

It proved to be difficult to gather detailed data, and in many countries essential data on NHS
needed for evaluation could not be reported on a regional or national scale. When screening
outcomes are not collected on a programme-wide level, a screening programme cannot be
evaluated, nor can it be compared to screening programmes of other countries. This lack of
monitoring and evaluation likely perpetuates the diversity in screening protocols across coun-
tries and regions. To be able to exchange information routinely and reliably, NHS programmes

need good, sustainable monitoring systems.
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ABSTRACT

Objectives
To assess the performance of newborn hearing screening (NHS) programmes, through selected

quality measures and their relationship to protocol design.

Design
NHS coverage, referral, follow-up and detection rates were aggregated. Referral rates were

compared to age at screening step 1, number of steps, and test method: OAE or aABR.

Study sample
A questionnaire on existing hearing screening was completed by experts from countries in

Europe, plus Russia, Malawi, Rwanda, India and China.

Results

Out of 47 countries or regions, NHS coverage rates were reported from 26, referral rates
from 23, follow-up from 12 and detection rates from 13. Median coverage rate for step 1 was
96%. Referral rate from step 1 was 6%-22% where screening may be performed <24 hours
from birth, 2%-15% for >24 hours, and 4% for >72 hours. Pooled referral rates to diagnostic
assessment were 2.1% after one to two steps using OAE only, 1.7% after two steps including
aABR, and 0.8% after three to four steps including aABR. Median detection rate for bilateral

permanent hearing impairment >40dB was 1 per 1000 infants.

Conclusion
Referral rates were related to age, test method and number of screening steps. Quality measures

were not available for many NHS programmes.
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INTRODUCTION

To achieve early identification and intervention for infants with permanent hearing impairment
(HI), programmes for newborn hearing screening (NHS) have been widely implemented. The
goal is to detect all infants with HI while maintaining low false positives to avoid unneces-
sary costs and parental worry. A sustained data collection process allows decision makers and
programme managers to monitor and evaluate the performance of their NHS programme. Ac-
cording to the World Health Organisation (2015), implementing a procedure for monitoring
and evaluation is a key step in the development of a national strategy for ear and hearing care
(including early detection). Without it, success cannot be distinguished from failure.

Quality measures and benchmarks (i.e., performance targets) provide a framework for evalu-
ating the performance of screening. In this study, coverage rate, referral rate, and follow-up rate
are the quality measures assessed. These measures were previously described in literature and
are used in local screening programmes and position statements from around the world (Joint
Committee on Infant Hearing, 2007, Neumann et al., 2019, Patel and Feldman, 2011, Wood
et al., 2015, Olusanya et al., 2007). Benchmarks for quality measures used in NHS have been
recommended by the Joint Committee on Infant Hearing (2007) and are used directly or as a
starting point for local policy makers to predefine alternative benchmarks.

Coverage is the quality measure that ensures NHS is available to all eligible infants who
are born in the administering hospital, or who live in the administering region or country.
In some literature, coverage rate has been defined as the percentage of eligible infants that
complete the entire screening pathway within a specific timeframe (e.g., Wood et al., 2015). In
other studies, coverage has been defined as the number of eligible infants that complete step
1 (e.g., Olusanya et al., 2007). Notwithstanding the different definitions, coverage rate reflects
the quality of NHS access and its uptake. Several screening programmes and guidelines have
defined a benchmark coverage rate of 95% to 97% (Joint Committee on Infant Hearing, 2007,
Neumann et al., 2019, Patel and Feldman, 2011, Januario et al., 2015).

Referral rate is the percentage of infants that do not pass the screening, for each individual
step or after all screening steps. A screening step is when screening is performed, and a result
(pass or fail) is obtained. Infants that fail a screening step may be referred to the next step. In-
fants that fail all steps in the sequence are referred to diagnostic assessment. Approximately 0.1
to 0.2% of all infants are born with a permanent HI (Bussé et al., 2020, Kennedy et al., 1998).
The infants with a permanent HI make up only a part of the infants referred for diagnostic
assessment. Other infants referred may have normal hearing, a transient HI (e.g., temporary
fluid in the middle ear) or a permanent HI that was missed if best-practice diagnostic protocols
were not followed. Referral rates should therefore be low, signifying a low false positive rate.
The benchmark for final referral to diagnostic assessment is commonly 4% for low-risk or all
infants combined (Joint Committee on Infant Hearing, 2007, Neumann et al., 2019, Patel and

Feldman, 2011, Januario et al., 2015). In this study, high-risk infants are defined as having an
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increased risk for HI or retrocochlear dysfunction and the remaining infants are defined as low
risk.

Follow-up rate is the percentage of infants whose families attend either the rescreening
step or the diagnostic assessment, after having been referred in a previous step. Follow-up rate
could inversely be described as loss to follow-up (LTFU), which identifies the percentage of
infants referred who are not followed up (or documented) at a rescreening step or diagnostic
assessment. A benchmark of 90-97% is often used for a target follow-up rate (Joint Committee
on Infant Hearing, 2007, Neumann et al., 2019, Patel and Feldman, 2011, Januario et al., 2015).

Within the EUSCREEN project, the cost-effectiveness of vision and hearing screening
programmes will be compared. A model is being developed to calculate the most cost-effective
screening programme in any country given its local circumstances. For this purpose, a large-
scale international aggregation of information on childhood hearing and vision screening was
completed. In the preceding article, we described the various NHS protocols, in terms of the
number of screening steps, the choice of test (otoacoustic emissions [OAE] and/or automated
auditory brainstem response [aABR]), and the age of the infant at step 1 (Bussé et al., 2021).
Our results suggested that the level of health care spending may influence decisions on protocol
design, as more countries with lower health spending had OAE-only programmes. Yet OAE
screening is highly sensitive to transient obstructions of the middle ear, such as amniotic fluid,
which may lead to a high number of false positive results (van Dyk et al., 2015). Increasing
the number of screening steps, using aABR instead of OAE, and/or delaying step 1 may help
reduce the overall referral rate (Benito-Orejas et al., 2008, Caluraud et al., 2015, Clemens and
Davis, 2001, Berninger and Westling, 2011). Lower referral rates reduce the subsequent burden
and costs on diagnostic services, and may also lead to a reduction of LTFU (Finitzo et al., 1998).
Given the significant diversity in protocol design across countries (Sloot et al., 2015, Bussé et
al., 2021), a systematic evaluation of the effectiveness of NHS is essential to better understand
the consequences of protocol choice and the current barriers to effective NHS.

In the present study, we evaluated the quality measures reported by NHS programmes. This
study also examined the relationship between referral rates to the protocol features across mul-
tiple screening programmes. Specifically, the minimum age and location for step 1, the number
of screening steps, and the use of aABR and/or OAE were investigated. The quality measures
described in this study are the coverage of the NHS programme, the referral rates per step
and to diagnostic assessment, the follow-up rates between steps 1 and 2 and from all screening
steps to diagnostic assessment, the detection rates, specificity and the positive predictive value
(PPV). Sensitivity and negative predictive value are difficult to assess and were not included in
this study. Decisions made by policymakers when selecting or revising an NHS protocol design
may be influenced by previous findings on its effectiveness, in combination with the current
state of newborn health care in the country. This is addressed in the present study. Results are
particularly valuable to areas still in the phase of NHS implementation, where few local reports

on NHS effectiveness may be available.
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METHODS

The web based EUSCREEN questionnaire was developed by a panel of hearing and screening
professionals and contained 191 questions across nine domains on hearing screening. Questions
on the organisation, protocol, pathways for referral, quality measures, and costs were included.
Most questions were followed by a five-choice sub-question on the level of evidence of the
answer supplied, which composed the options (a) Data unavailable, (b) I don’t know, (c) Rough
estimate, (d) Real estimate from calculation, (¢) Actual data. If the response was composed using
data from a source, the name and date of this source was requested. Publicly available sources,
such as annual screening reports, were also requested via email when available.

Respondents were local screening experts, so called Country Representatives (CRs). CRs
of the originally selected countries were recruited via professional organisations, existing con-
tacts, and recent publications. Participation was open to experts from any country, regardless
of the status of their NHS programme or data availability. Screening experts from countries
outside the original selection were welcome to register to fill out the questionnaire but were
not actively sought. Upon registration, the qualifications of the CRs were checked, and the
CRs had to confirm their expertise in relation to the NHS data they provided. CRs accessed
the questionnaire between March 2017 and June 2019 via the EUSCREEN website (www.
euscreen.org) with a unique username and password. After the questionnaire was submitted,
it was checked for completeness. The verification procedure is summarised in Figure 1. An
internal cross-checking procedure was performed between CRs representing the same country
or region and between questions asking for similar answers. External literature and source
material, supplied by the CR or searched and accessed online, were translated via Google Trans-
late and cross-checked with answers provided. CRs were asked to clarify their answers when
original answers were unclear, when answers were inconsistent with other answers within the
same questionnaire, or when answers were inconsistent with supplementary materials. After
completion, the list of clarification questions was returned by the CRs. A report was developed
for each programme based on the combined collected information and sent to the CR for
final confirmation. Countries were excluded from the study if answers were not sufficiently
completed to generate a descriptive report.

To describe the current health care status for newborn care, data on universal newborn care
were aggregated from established sources (Unicef, 2019, World Health Organization, 2019) and
from responses in the questionnaire. The measures evaluated were the percentage of infants
born in health facilities, the percentage of infants undergoing a post-natal check-up by 2 days
of age, and the immunisation coverage of the first dose of diphtheria toxoid, tetanus toxoid and

pertussis vaccine.
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Figure 1. Flow chart of the verification and validation process.

Selection and validation of quality measures

The quality measures described in this study were selected based on previously defined
measures used in NHS guidance documents, international position statements, and literature
describing NHS performance across countries from various income levels (Wood et al., 2015,
Olusanya et al., 2007). Quality measures were the coverage, referral between screening steps,
referral from screening to the diagnostic assessment, and follow-up rate to screening steps.
Detection rates reveal the outcome of the screening programme (i.e., the number of children
with permanent HI).

Among established NHS programmes, the validation of responses was based on the level
of evidence provided by the CRs. It was the CRs’ responsibility as collaborators to provide
high quality and valid data where available. The quality of the responses they provided were
self-rated in the sub-question following each main question. The data supplied were classified
as ‘not valid’ if the CR indicated that they were based on a rough estimation. In cases where
answers were provided based on calculations of data, responses were considered ‘valid’ if source
data were recent (collected from 2014 or later), representative of the target population, and
consistent with the source or external literature. The method used to collect the raw data,

including the data management system, may affect the validity and accuracy of the figures
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provided, though this was not evaluated in this study. This made it possible for answers to be
included across all data collection and management systems. Minimum sample size criteria
varied based on the outcome measure: coverage rates were not dependent on the sample size;
referral rates were valid if sample size was 1000 or more; detection rates were valid when the
sample size was >5000. The exception was for countries or regions where birth rates were

under these values.

Evaluation of valid quality measures

Data considered valid as a result of the validity scoring were analysed further. A null value was
assigned for any data not scored as valid or where annual birth rates were under 1000. Descrip-
tive statistics were calculated for all selected quality measures. To calculate pooled rates, the
reported rates for each programme were transformed to estimated counts using the number of
live births in the country or region for a one-year birth cohort (Table 1) due to the differences
in population size.

The CRs filled out the questionnaire for an individual NHS programme, which was organ-
ised either nationally or regionally. For regionally organised programmes, the quality measures
reported represented only the participating region, and other regions within the country were
not represented. For nationally organised programmes, the rates represented the entire country.

Referral and follow-up rates were evaluated between individual steps and from the entire
screening programme to diagnostic assessment. Costs were evaluated for screening (in euro per

infant screened), screening devices, screener salaries, and intervention.

Analyses of quality measures and protocol design

The reported referral rates (where provided) were compared across the age of the infant at
step 1 and screening protocols for low-risk infants. Formation of groups were based on the
results of Bussé et al (2021). Age was categorised based on the minimum age of screening: <24
hours, 24 hours, or 72 hours. Programmes that perform screening after 72 hours performed
screening outside the maternity hospital, either in a child health care centre or at home; all
remaining programmes screen in the maternity hospital (before or after discharge). Protocol
groups were formed based on the screening devices used (OAE versus aABR) and the number
of steps (i.e., screens and repeat screens) in the protocol. For protocols using OAE only, all
steps are performed using OAE. The category of OAE could include either transient-evoked
OAE or distortion-product OAEs, although transient-evoked OAEs are used in the majority
of programmes. For one- to two-step protocols including aABR, one programme uses aABR
for step 1 (no step 2), one programme uses aABR for steps 1 and 2, and the others use OAE
for step 1 and aABR for step 2. For three- or four-step protocols including aABR, the final
step is performed with aABR and earlier steps are performed with OAE. A list of technologies
for OAE and aABR showing the diversity across manufacturer and passing criteria is available

in Bussé et al. (2021).
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Table 1. Annual births for each country or region, validity of selected quality measures, and data
collection process for each participating country or region. Countries or regions are sorted to match
the sequence in the accompanying article (Bussé et al., 2021), which is arranged by protocol-design cluster.
Five countries did not have established NHS programmes at time of data aggregation (Albania, Kosovo, Malawi,
Rwanda, and Montenegro). Some countries were represented on a national level in this study, and a lack of data
cannot be presumed (particularly for large countries), as regional data may be available that were not reported.
Responses were considered valid (V) if source data were recent, representative of the target population, consistent
with the source or external literature, and over the minimum sample size. Responses provided that did not meet
these criteria were coded as not valid (X). The remaining blank fields indicate data not provided. Two items in

the questionnaire are described on whether data collection is performed and mandated: yes (+), no (-), or limited

to only some hospitals.

Albania 31733

Kosovo 23416

Malawi 663000

Rwanda 352052

Montenegro 7386

Malta 4308 vV X X - -
N. Macedonia Skopje Region 8466 DG
Romania 191694 Vv X X X -

Bosnia & Herzegovina Tuzla Canton 3727 v Vv Vv Vv X -

Latvia 21646 X X X X - -
Lithuania 30623 v Vv \Y% - +
Serbia Belgrade 64587 X X X - Limited
Moldova Chisinau 37394 X X X X - -
Faroe Islands 686 X v X X -
Estonia 14053 X \% - -
Belgium ‘Wallonia-Brussels Federation 57500 V.=~V V.V V AF 4
Russia 1888729 V.V vV Vv - +
Austria Upper Austria 15394 V.V V v Vv - +
Croatia 37503 v v Vv Vv X X - +
Czechia East Bohemia 11074 v X X Vv V V - +
Poland 382300 V.V v VvV o+ +
Luxembourg 7128 v VvV Vvx VvV V = +
Spain Aut. Comm.Valencia 43450 v v Vv VvV V V - +
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Table 1. Annual births for each country or region, validity of selected quality measures, and data
collection process for each participating country or region. (continued)

Bulgaria 63955 X X X X - +
Portugal Lisbon Region 86154 Vv v VvV X +  Limited
Slovakia 57969 - Limited
Slovenia 20641 V. X V X - +
Switzerland 87381 X X X X X - Limited
Spain Princip. Asturias 6600 v v Vv Vv Vv V - +
Hungary 91577 - -
China 152mil X X X X X - Limited
Cyprus Southern part 9229 X VvV Vv X X +
Israel 181351 V.V V X X + +
Denmark 61476 V.V X X - +
Belgium Flanders 88691 V.V V X o+ +
France Ile de France 174439 V. X X + +
Germany ‘Westphalia-Lippe 792131 V. v Vv X X X + +
Greece Attikon Hospital 94134 X X V* X X - -
Iceland 4071 vV Vv X +
Netherlands 169836 Vv Vv Vv VvV V V 4
Italy Veneto Region 36587 X V. V. X 'V +  Limited
Sweden Stockholm Region 28805 V.V V vV Vv - +
Finland 52814 X X -

Ireland 65607 V.V V v o+

England (UK.) S.E. London 26000 V.V V v v 4+

Turkey 1309771 V.V v o+

India 27 mil

*Although considered valid, these data were not included in calculations or analyses due to the diversity of data
collection parameters (e.g., sample size was low due to low annual birth rate, sourced from one hospital only, or

incorporated a large percentage of infants who were not previously screened).
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Next, a comparison between referral rate and follow-up rate was performed. For the analyses,
the estimated counts for referrals were derived from the number of births across a one-year
cohort, and the estimated counts for follow-up were derived from the number of referrals.

Risk ratios were calculated in SPSS (v.26.0) with 95% confidence intervals to show the
increased risk of referral between two conditions (in this case protocol choices). Because of the
large population-based estimates used, risk ratios with confidence intervals provided a more

clinically applicable result than p-values when comparing conditions (Cumming, 2013).

RESULTS

Questionnaires were sufficiently completed by CRs from 40 European countries plus five
additional CRs with interest in participating: Russia, Malawi, Rwanda, India, and China (Ap-
pendix 2). Two regions from Spain and two regions from Belgium participated, for a total of 47
participating countries or regions (Table 1). The questionnaires from South Africa and Norway

were not sufficiently completed to generate a descriptive report and were excluded.

Newborn health care

Thirty high-income countries (HICs), 13 middle-income countries (MICs) and two low-
income countries (LICs) were included, according to the World Bank classification system
(2019). Data on hospital births from the questionnaire and UNICEF’s Maternal and Newborn
Database (2019) were available for all but eight HICs. The percentage of deliveries in a health
facility was >90% for all but three countries. In India, Flanders (Belgium) and the Netherlands,
79%, 83% and 81% of deliveries take place in a hospital. Data from some participating MICs
and LICs were available regarding the percentage of infants that undergo a postnatal check-up
after delivery (up to 2 days of age). Rates varied from 19% in Rwanda and 27% in India to 86%
in Albania, 96% in Kosovo and 99% in Montenegro (Unicef, 2019). Immunisation coverage
for the first dose of diphtheria, tetanus, & acellular pertussis (around 2 months of age) was
available for all except nine countries (seven HICs and two MICs) and ranged from 89% to

99%, according to statistics from the World Health Organisation (2019).

Validation of quality measures
A list of all participating countries and regions and the corresponding validation results are pre-
sented in Table 1.Valid responses to the selected performance measures could not be provided
by all countries or regions. Sixteen were unable to provide valid outcome data of which five
(Albania, Malawi, Montenegro, Kosovo, and Rwanda) did not have a permanently established
NHS programme at the time of data aggregation.

Figure 2 displays that valid coverage rate was reported by the most NHS programmes and

valid follow-up and detection rates were reported by the fewest programmes. CRs typically
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acquired valid quality measures from internal databases or registries, quality assessment reports,
or studies published in local journals, local media, or student theses. Data were collected from
2014 to 2017, and most represented a one-year birth cohort, although some data were collected
over a longer period. The sources used to cross-check the survey responses or when cited by

the CR are listed in Appendix 1.

Coverage rate [N S,

Final referral rate to diagnostic assessment [ NG s,
Follow-up rate to diagnostic assessment [ NGRS SR
Detection rate of permanent hearing impairment [ NNERNGIGIGEGEGEGEERS v,

o

5 10 15 20 25 30 35 40 45
Number of Participating Countries or Regions

mValid m®Notvalid Not provided  # No NHS programme

Figure 2. Results of the validation scoring for coverage rate, referral rate to diagnostic assessment,
follow-up rate to diagnostic assessment, and detection rate of permanent hearing impairment. Data
were considered valid when source data were recent, representative of the target population, met the minimum
sample size criteria, and consistent with the source or external literature. Out of the 47 participating countries or
regions, the number are displayed with valid data, not valid data, or none provided. Five countries did not have
a permanently established NHS programme. Note that the exact definition of each measure may vary across
programmes, as NHS programmes could only report on the values that they themselves calculate. Notably, more

valid data could be provided on coverage and referral rates compared to follow-up or detection rates.

Quality measures and costs

The following paragraphs present descriptive results of the performance of NHS programmes.
As described previously, pooled rates were calculated from estimated counts from each pro-
gramme. Programmes reported either for all infants irrespective of risk group or for low- and/
or high-risk infants separately. Table 1 lists the NHS programmes (national or regional) with
valid data for each selected quality measure.

Coverage rates. The definition of coverage varied slightly across the 26 NHS programmes
that reported valid coverage rate data. For four programmes, coverage rate was defined as the
percentage of infants that completed the entire screening sequence, and for the remaining 22
coverage was defined as the infants who completed step 1. For the four programmes where
coverage rate was defined as the percentage of infants that completed the entire sequence, one
had a rate of 93% and the other three had rates of 98-99%. Out of the 22 programmes where
coverage of step 1 was reported, 17 had 295% coverage. The pooled coverage rate for step 1 (all
infants, high plus low-risk) was 97.9% and the median was 96% (range: 79 to 100%). R omania
(coverage of 18%) was not included in this calculation, as it has a national programme in the
process of scaling up. Besides Romania, step 1 coverage rates of 79, 96 and 98% were reported
from three MICs. The remaining programmes were from HICs (median: 96.7%, range: 85 to
100%).
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Referral rates. For 18 programmes, separate referral rates were reported for low-risk infants,
which are displayed in Figure 3 according to protocol design. Figure 3 shows the decremental
referral rates from each step of screening (step 1, 2, etc.) and the final referral rate to diagnostic
assessment out of the total number of infants screened. The pooled final referral rate to diag-
nostic assessment for low-risk infants was 1.9% (median 1.5%, range 0.27-3.4%). For seven
programmes, referral rates were reported for high-risk infants, for which the pooled referral
rate to diagnostic assessment was 8.0% (median 6.8%, range 4.0-10.2%). For ten programmes,
referral rates for all infants irrespective of risk group were reported, for which the pooled
referral rate from step 1 was 9.0% (median 8.4%, range 3.5-12.1%) and the pooled final referral
rate from screening to diagnostic assessment was 2.6% (median 1.5%, range 0.3-3.5%).All final
referral rates to diagnostic assessment for programmes reporting on low-risk or all infants were
less than 4%; all final referral rates for high-risk infants were 4% or higher.

Follow-up rates. For programmes where all infants were reported on, irrespective of risk
group, the pooled follow-up rate to step 2 out of those referred from step 1 was 81% (median
81%, range 27-97%, n=9). All programmes were from HICs except for one MIC where a 27%
follow-up rate to step 2 was reported. The pooled follow-up rate to diagnostic assessment out
of those referred from the final screening step was 72% (median 89%, range 19-97%, n=12).
For programmes where low- and high-risk infants were reported separately, pooled follow-up
rates to diagnostic assessment were 77% for low-risk infants (median: 74%, range 71-97%)
and 90% for high-risk infants (median 90%, range 64-95%). However, this contrast between
high- and low-risk infants was not consistent across individual programmes. All countries
where follow-up rate to diagnostic assessment was reported were HICs except for one MIC,
which had 76 and 89% follow-up rates for low- and high-risk infants. Overall, out of a total
of 12 participating NHS programmes where valid follow-up rates were reported to diagnostic
assessment for all infants and high- and low-risk infants combined, follow-up rates were under
80% for six, between 80 and 90% for two, and 90% or higher for four.

For programmes where the referral rate from step 1 was higher, follow-up rates to step 2
were lower. For only five programmes figures for both measures were provided. Referral rates
from step 1 were 4%, 4%, 8%, 8%, and 15%. Corresponding follow-up rates to step 2 were
99%, 95%, 92%, 91% and 87%. Furthermore, loss to follow-up between steps can also affect the
final referral rate, such as in Tuzla Canton (Bosnia and Herzegovina), where the final reported
referral rate for all infants to a diagnostic assessment (0.35%) was highly influenced by a low
follow-up rate between screening steps 1 and 2 (27%).

Detection vates. The detection rates (or prevalence rate after detection by NHS) varied be-
tween 0.7 and 3 per 1000 births (median: 1.16 per 1000, n=10) for bilateral permanent HI > 40
dB HL and between 0.28 and 0.72 per 1000 births (median: 0.42 per 1000, n=9) for unilateral
permanent HI > 40 dB HL. For eight programmes (seven from HIC and one from a MIC),
additional data were provided on bilateral or unilateral permanent HI > 80 dB HL. Detec-
tion rates varied between 0.2 and 1.16 per 1000 (median: 0.32 per 1000, n=8) for bilateral
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Figure 3. Percentage of infants referred out of the total population screened from each step and to
diagnostic assessment, grouped by the reported NHS protocol for low-risk infants. For some pro-
grammes data for all steps could not be reported. Low-risk infants are defined as infants without an increased risk
for HI or retrocochlear dysfunction as per the risk factors specified by each NHS protocol. Error bars represent
95% confidence intervals. Because most infants without hearing impairment pass step 1, a large reduction of
referral rate is seen between steps 1 and 2. Programmes with more steps and using aABR had lower final referral

rates.
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permanent HI > 80 dB HL and between 0.1 and 0.6 per 1000 (median: 0.16 per 1000, n=6)
for unilateral permanent HI > 80 dB HL. All detection rates provided were from HICs except
one from a MIC, where a detection rate of 0.6 per 1000 was reported for bilateral permanent
HI >80 dB HL. No clear trends were observed between detection rates of permanent HI and
measures of follow-up rates to diagnostic assessment.

For only a few participating NHS programmes valid data were provided on detection or
prevalence rates of auditory neuropathy spectrum disorder (ANSD), a type of retrocochlear
dysfunction, among infants. In the Netherlands, a prevalence rate was reported of 2.7 per 1000
infants admitted to the NICU. Prevalence rates of ANSD for all infants were reported for the
Principality of Asturias (Spain) (0.07 per 1000 births) and Ireland (0.02 per 1000 births). All
other ANSD figures were rough estimations or absolute counts of ANSD cases on file.

Specificity and positive predictive value. The specificity of the entire protocol was defined
as the percentage of infants with normal hearing who pass screening at any step within the
sequence. Valid specificity was only reported from Westphalia-Lippe (Germany), Ireland, and
Flanders (Belgium) for low-risk or all infants: 97.1%, 98.4% and 99.7%. Data on sensitivity and
negative predictive value were not available.

PPV was defined as the percentage of infants referred from screening to a diagnostic assess-
ment who have a confirmed hearing impairment that was targeted by the NHS programme.
PPV is presented for each NHS programme in brackets. The only valid data on the PPV for an
entire NHS programme for all infants were from Germany (6), Ireland (10), Poland (5) and the
Autonomous Community of Valencia (Spain) (14). Programmes providing a PPV for low-risk
infants were East Bohemia (Czechia) (10), Flanders (Belgium) (65), Upper Austria (Austria)
(4), Wallonia-Brussels Federation (Belgium) (10) and the Netherlands (39). Out of these, the
Netherlands also provided a PPV for high-risk infants (64.6). The protocols used by these
countries can be observed in Figure 3.

Costs. It was difficult for CRs to make a valid estimation of the costs of their screening
programme. Overall screening costs, costs of screening devices, salary costs, hearing aid fitting
and cochlear implant fitting included different aspects for each programme. The variability

within the costs provided made any comparison between programmes impossible.

Analyses of quality measures and protocol design

The following paragraphs describe the results of the comparisons between quality measures
and protocol features (minimum age of the infant at step 1, number of screening steps, and the
inclusion of aABR in the protocol).

Referral rate from step 1 across age. For 13 programmes, the referral rate was reported from
step 1 for low-risk infants. Step 1 is often performed in the maternity hospital before discharge.
Subsequent steps may be performed before or after discharge. For most programmes, step 1
is performed in the maternity ward after 24 hours of age. For these programmes, the pooled

referral rate from step 1 was 7.5% (median: 5.2%, range: 1.8% to 15.3%). In South East London
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(England) and Ireland, step 1 screening may be performed less than 24 hours after birth. In
England, the average length of stay in the maternity ward for deliveries without complications
was 1.4 days (OECD, 2019). Referral rate from step 1 in the maternity hospital was 22%, a
figure consistent across England (23%; NHS Newborn Hearing Screening Programme, 2019).
In Ireland, the length of stay averaged 2.4 days (OECD, 2019), and referral rate from step 1
was 6%. In Flanders (Belgium), the Netherlands and Cyprus, step 1 is performed after 72
hours of age in a child health centre or home visit. Referral rates from step 1 were 4% for all
three programmes. Out of the 13 programmes, aABR for step 1 is only used in Flanders. No
difference in step 1 referral rate was observed between Flanders and the Netherlands or Cyprus
where OAE is used for step 1.

Referral vate from all steps to diagnostic assessment across test method and steps. Table 2
displays the referral rates and risk ratios across groups of programmes with similar low-risk
protocols. Not all protocols were represented. Referral rate information was not available
for countries that performed a one-step aABR protocol or a three-step protocol using only
OAE. From the eight protocol categories displayed in Figure 3, protocols were grouped into:
protocols with one or two steps using OAE only; protocols with two steps using aABR in one
or both steps; and protocols with three or four steps using aABR in the final step. Referral rates
were highest for one- to two-step protocols with OAE only and lowest for a three- to four-
step protocols including aABR. This trend can also be observed for individual programmes,

displayed in Figure 3.

Table 2. Pooled final referral rates (%) to diagnostic assessment for groups of programmes based
on protocol design for low-risk infants (middle column). Low-risk infants are defined as all infants not
considered at-risk for hearing impairment by the individual programmes surveyed. Referral rates for each group
(based on protocol design) were pooled based on the number of births per year in each country or region. Risk
ratios compare the referral rates pairwise between groups of programmes with a similar protocol design (steps and
test method). The increased risk of a referral occurrence between two groups (along with the 95% confidence
intervals) is displayed. Also displayed is the total number of infants that would require diagnostic assessment to
detect one infant with permanent hearing impairment of 40 dB HL or worse. If a prevalence of 0.1 to 0.2% is

assumed, the pooled final referral rate is between 4 and 21 times the prevalence.

Number of infants

Protocol design requiring diagnostic Risk ratio for refer result
for low-risk infants Pooled final assessment to detect one (95% confidence intervals)
Steps Test method referral rate infant with permanent  vs. 1 or 2 steps vs. 2 steps
(95% confidence HI OAE-only incl. ABR.
intervals) (prevalence 0.1-0.2%)
lor2steps OAEonly  2.10% (2.09-2.12%) 11 to 21
2 steps incl.aABR 1.66% (1.60-1.73%) 8to 17 1.26 (1.21-1.32)

3or4steps incl.aABR  0.80% (0.78-0.83%) 4t08 2.62 (2.53-2.71)  2.07 (1.97-2.19)
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DISCUSSION

Of the 42 countries or regions with an NHS programme, 26 reported coverage rates, of which
22 reported only the coverage rate for screening step 1; 23 reported rates of referral from
screening to diagnostic assessment; 12 reported the percentage of children who followed up
from screening to diagnostic assessment; and 13 reported the percentage of infants detected
with permanent HI. The percentage of infants referred from screening step 1 is related to the
infants” age when screened. For programmes that use aABR, referral rate from screening to
diagnostic assessment was lower compared to those that use only OAE. Programmes also had
lower referral rates to diagnostic assessment if they have more screening steps. Across the few
countries where follow-up rates were reported, 81% of infants referred from step 1 followed
up to step 2, and 72% of infants referred from all screening steps followed up to the diagnostic
assessment.

Results of this study can be compared to benchmarks for NHS, as described by the Joint
Committee on Infant Hearing (2007). Firstly, there were differences noted in the definition of
coverage rate. The definition presented in the benchmark is the completion of screening before
one month of age. In contrast, most programmes reported only the coverage rate of step 1, which
neither reflects the LTFU between screening steps nor the timeliness of screening. However, it
may be argued that the definition should be determined by the programme, so long as the same
definition is applied to the benchmark. Despite differences in the definition of coverage rate,
20 out of 26 programmes reported good coverage (95% or higher). All reported referral rates
to diagnostic assessment (for low-risk or all infants combined) achieved the benchmark (4% or
lower), indicating high specificity. However, the referral rate can also be influenced by LTFU
between screening steps. Unfortunately, follow-up rates were scarcely reported, and out of 12
programmes where follow-up rates were reported from screening to diagnostic assessment,
only four reached the benchmark of 90% or higher, suggesting that LTFU remains a barrier to
effective NHS in many countries. In the current study, detection rates of bilateral permanent
HI for high- and low-risk infants combined ranged from 0.7 to 3 per 1000 infants, consistent
with a previous review of the literature that showed a pooled prevalence rate of 2.2 per 1000
with a range across studies from 1 to 6 per 1000 infants (Bussé et al., 2020a).

When an NHS programme is implemented in a country, healthcare policy makers must make
a few essential decisions. First, they must decide on the location where screening takes place,
which is closely related to the age of the infant when screened. Screening is typically performed
before discharge from the maternity hospital among countries with a high percentage of hos-
pital births. This offers a major advantage, as it results in inherently high coverage. However,
screening within 24 hours after birth can result in a high referral rate from step 1 because of
residual amniotic fluid in the middle ear. In this study, programmes performing step 1 after 24
hours reported a range of referral rates from 2 to 15%. It is possible to achieve low referral rates

when screening closely after birth with highly trained professionals (Vohr et al., 2001) and quiet
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test environments. For programmes with step 1 at 72 hours of age or later, step 1 referral rates
were 4%. Although low false positive rates are achieved, this strategy may be more expensive,
and coverage may be lower. Still, high coverage after discharge from the maternity hospital has
been obtained by programmes in this study and others, by combining step 1 with an existing
postnatal health visit (Olusanya et al., 2009, Khoza-Shangase and Harbinson, 2015). Second, a
screening professional should be selected and trained. The decision on screening professional is
described in more detail in the accompanying article (Bussé et al., 2021).

Next, the screening device and the number of steps should be established, plus whether a
separate protocol is used for high-risk infants. In this study, aABR screening was related to
lower referral rates to diagnostic assessment. An aABR may be used as the primary method
for all infants or only infants that refer from earlier steps. The costs for aABR screening are up
to double the costs of OAE screening, and aABR may be more complicated to use; however,
lower referral rates will reduce the burden on diagnostic services, which may consequently
reduce total costs (Vohr et al., 2001, Boshuizen et al., 2001). Screening effectiveness also de-
pends on the device performance and passing criteria, listed in the accompanying article (Bussé
et al., 2021). Given the lack of standardisation in screening equipment and the diversity of
manufacturers, the decision of which device to select for a screening programme is difficult and
may come down to cost and ease of use. Next, this study shows that NHS programmes with
more screening steps had lower referral rates to diagnostic assessment. However, the require-
ment that families return one or multiple times for rescreening increases the risk that they
do not return, which lowers the sensitivity of the screening programme. Finally, the decision
should be taken whether to use a separate protocol for high-risk infants, which is discussed in
the accompanying article (Bussé et al., 2021).

The overall efficacy of NHS is reduced if infants with a hearing impairment are not ulti-
mately identified. Although sensitivity or negative predictive value were not reported in this
study, poor follow-up rates between steps and to the diagnostic assessment show that LTFU is
clearly an area in need of great improvement, according to both this quality investigation and
other studies (Deem et al., 2012, Gaffney et al., 2010). It is a particular barrier in LICs and
MICs (Olusanya et al., 2007). Reducing referral rates may improve LTFU. NHS programmes
that have gained more experience with the devices and management of care across a large
population may have successfully streamlined both the screening and follow-up processes
(Finitzo et al., 1998, Mehl and Thomson, 2002). Furthermore, the confidence in the screen and
perceived importance of follow-up for both the screener and parents may be strengthened by
the saliency of a screening failure.

In conclusion, coverage, referral, follow-up and detection rates were aggregated across 42
NHS programmes. Our results show that screening protocol design influences the effectiveness
of the NHS programme. The referral rate for step 1 was related to the age of the infants
screened. Programmes had lower referral rates from screening to diagnostic assessment if they

used aABR or had more screening steps. Many NHS programmes could not provide recent
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data representing their country or region for these quality measures. Among the reported
figures, there was surely inherent variability in the quality and validity of the data supplied,
despite working closely with the CRs, verifying all data where possible, and only accepting
data that were considered valid. Still, the results of this study relied heavily on the CRs to
provide accurate figures based on data from their local programmes, and the quality of the
data management system (paper-based, digital, etc.) was not evaluated. Some programmes may
collect this data in local hospitals, yet data are not shared nor evaluated on a regional or national
level. Most concerningly is that many, even mature programmes, do not monitor or evaluate the
performance of their NHS programme. For countries implementing NHS, the only method
of ensuring effective use of resources is by collecting data, monitoring and evaluating the
performance of the screening programme. Methods to identify areas for improvement, evalu-
ate the selected protocol design, and ensure the effective use of resources should be essential

components in all NHS programmes.
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ABSTRACT

Objective
To inventory provision and features of childhood hearing screening after the newborn period

(CHS), primarily in Europe.

Design

From each participating country or region, experts provided information through an extensive
questionnaire: implementation year, age at screening, test method, pass criteria, screening loca-
tion, screener profession, and quality indicators: coverage, referral, follow-up and detection

rates, supplemented by literature sources.

Study sample

Forty-two European countries or regions, plus Russia, Malawi, Rwanda, India and China.

Results

CHS was performed universally with pure-tone audiometry screening (PTS) in 17 countries
or regions, whereas non-universal CHS was performed in eight with PTS or whisper tests.
All participating countries with universal PTS had newborn hearing screening. Coverage rate
was provided from three countries, detection rate from one, and referral and follow-up rate
from two. In four countries, universal PTS was performed at two ages. Earliest universal PTS
was performed in a (pre)school setting by nurses (n=9, median age: 5 years, range: 3-7), in a
healthcare setting by doctors and nurses (n=7, median age: 4.5 years, range: 4-7), or in both
(n=1).

Conclusions
Within universal CHS, PTS was mostly performed at 4-6 years by nurses. Insufficient collec-

tion of data and monitoring with quality indicators impedes evaluation of screening.
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INTRODUCTION

Early detection of a hearing impairment (HI) and subsequent intervention have a positive effect
on language, cognitive and social outcomes in children (Yoshinaga-Itano et al., 1998, Moeller,
2000). To reach this goal, several guidelines and position statements recommend screening for
HI among infants and children (Skarzynski and Piotrowska, 2012, European Consensus State-
ment on Neonatal Hearing Screening, 1999). Childhood hearing screening after the newborn
period (CHS) uses a variety of methods. The distraction test (Ewing and Ewing, 1944) was
widely used in high-income countries to screen children for HI around the age of 7 to 9
months; however, it has since been replaced by universal newborn hearing screening (NHS).
In a universal hearing screening programme, screening is provided to all children, regardless of
their risk for HI. The whisper test can be administered to children from age 3 years and requires
no equipment and little training, thereby making it feasible for lower-income settings (Pirozzo
et al., 2003). Though, due to its poor reliability and a sensitivity of only 70 to 87% in children,
its use is of limited value for CHS (Pirozzo et al., 2003). Pure-tone audiometry screening (PTS)
can be performed with a frequency sweep or a limited series of frequencies and intensities
which results in a pass or fail result. The earliest report of using PTS for children was published
in 1955 (Ewing, 1955). It has since become the standard practice for screening children aged 3
years and older (Yong et al., 2020b) because of its high sensitivity and reliability (Fortnum et al.,
2016). PTS requires calibrated equipment, trained personnel, and a behavioural response from
the child. Including tympanometry to evaluate middle ear function in the screening session
can determine the appropriate referral pathway (i.e., medical or audiological) after a failed
hearing test (American Academy of Audiology, 2011). Automated methods are currently under
development that will allow screening with, for example, speech stimuli to be performed via a
smartphone or tablet (Denys et al., 2019, De Sousa et al., 2020).

The prevalence of permanent HI increases from 1-2 per 1000 at birth to 2-3 per 1000 by the
age of 9 years (le Clercq et al., 2017, Fortnum et al., 2001). Without screening, some children
with a HI may remain undetected and lack appropriate intervention throughout important
developmental and educational years (Watkin and Baldwin, 2011). Children with a congenital
HI may not be detected due to issues related to the NHS programme such as false negatives,
loss to follow-up, parental refusal, or because they were not offered screening (Fortnum, 2003,
Prieve et al., 2015). Even a well-executed NHS programme may not be designed to target mild
or unilateral HI, of which negative effects may become apparent particularly in early school
years (Bess et al., 1998, Winiger et al., 2016). Many countries have targeted surveillance pro-
grammes after NHS, where children with risk factors are regularly scheduled for audiological
assessment; however, there are limitations to this system, particularly the high loss to follow-up
among children being monitored (Beswick et al., 2012).

Hearing impairment may be conductive or sensorineural, congenital or acquired, and

permanent or transient. Most sensorineural HI detected after the newborn period is a delayed-
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onset HI. Delayed-onset HI has a prevalence of around 0.7 per 1000 children aged 3 to 7
(Li et al., 2011) and may be caused by hereditary factors or pre- or perinatal infections, the
most common being cytomegalovirus. Acquired sensorineural HI may be caused by ototoxic
medications, trauma, or postnatal infection (Smith et al., 2005). The most common type of HI
that is found among children is an acquired conductive HI caused by otitis media, a condition
of the middle ear. Two types of otitis media are chronic suppurative otitis media (CSOM) and
otitis media with effusion (OME).

CSOM is characterised by a discharge of fluid from the middle ear through a perforation in
the tympanic membrane. The prevalence rate is approximately 2 to 2.5% in children aged 1 to
10 years, with no major differences across age (Monasta et al.,2012). CSOM is considered to be
a particular burden for developing countries, and the most common cause of mild to moderate
HI among children in these countries, with at least half the cases of CSOM resulting in associ-
ated HI (World Health Organization, 2004). If left untreated, CSOM can cause permanent HI
in over 90% of cases (Jensen et al., 2013).

OME is characterised by the presence of fluid behind an intact tympanic membrane. OME is
extremely common among young children. Prevalence rates range from 1% to 30% in children
aged 1 to 8 years worldwide, with a peak at age 3 to 4 years (Casselbrant and Mandel, 2003,
Mandel et al., 2008). At least half of the children with OME will have an associated HI (Gravel,
2003). Although most OME resolves within 3 months, up to 40% of affected children will have
recurrent or longstanding OME requiring intervention (Rosenfeld et al., 2016). It is unclear
whether targeting cases of OME in a CHS programme is cost-effective (Rosenfeld et al., 2016).

The EUSCREEN study compares the cost-effectiveness of vision and hearing screening
programmes across participating countries, given the local circumstances in a country or
region. In combination with our previous studies on NHS (Bussé et al., 2021, Mackey et al.,
2021), results of this article will aid the development of a decision-analytic cost-effectiveness
model produced within the EUSCREEN study. Unlike NHS, the importance of CHS has
not been universally established. High quality information that is needed to make a conclusive
judgement on the cost-effectiveness of CHS is currently lacking. This hampers the ability of
policy makers and professionals to decide which programmes should be implemented and
how. This study reports on the current provision, protocols, and outcomes of CHS for children
after the newborn period via an international inventory of hearing screening programmes. It
also compares its practice against local healthcare and school structure. This article evaluates
the provision of CHS, funding source, age at which children are screened, test method, year of
implementation, pass criteria, screening location, screener profession, quality measures (cover-

age, referral, follow-up and detection rate), and costs, supplemented by literature sources.
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From each of the originally selected countries primarily in Europe, hearing screening experts,
so called Country Representatives (CR), were recruited via professional networks, scientific
journal articles, or existing professional connections. CRs from countries in Europe or with
afhiliated research programmes were actively sought. Participation in the study was open to
any country, and experts from five non-European countries expressed interest in participation.
Involvement of countries outside of Europe, such as from large, highly populated countries
or low-income countries, could add information that would not be available from within
a European-only context. CRs with the time available to complete the questionnaire were
required to confirm their role and expertise in relation to their hearing screening programme.
They formed the Country-Committee Joint-Partnership of EUSEREEN Foundation and
were remunerated up to €2000 for completing the questionnaire sufficient to formulate a

country- or region-specific report detailing the strategies for screening.

Data collection

The EUSCREEN questionnaire contained 191 hearing questions, 51 of which related specifi-
cally to CHS. The remaining questions related to NHS or general early detection and inter-
vention practice. Questions were a combination of multiple choice, yes-no, and open-ended
questions and were subdivided into nine domains: demography and epidemiology, administra-
tion and general background, existing screening programmes, coverage and attendance, tests
and devices, follow up and diagnostic assessment, treatment options, costs and benefits and
adverse effects. A sub-question typically followed each question, asking the respondent to state
the source of the information. Possible answers were (a) Data unavailable, (b) I don’t know, (c)
Rough estimate, (d) Real estimate from calculation, or (e) Actual data. The name and date of
the data source, in addition to source materials were requested if relevant. The questionnaire
was made accessible to the CR through the EUSCREEN website (www.euscreen.org) via a
unique username and password.

After submission, the questionnaire was checked for completeness and all answers went
through a verification and validation process (Figure 1, Appendix). Answers were evaluated for
completeness and cross-checked across similar questions. Any material provided by the CR or
acquired via an online search were cross-checked to the provided answers. All discrepancies
were sent to the CR for clarification. A country-specific report was written which was deliv-
ered back to the CR for final confirmation. Information on CHS after the newborn period

was then extracted from the reports for evaluation.

Quality indicators

Screening performance should be evaluated through predetermined quality measures. Data

on four key quality measures were collected to assess CHS programmes (American Academy
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of Audiology, 2011): coverage rate, referral rate, follow-up rate, and detection rate. Coverage
rate was the percentage of children screened out of all eligible children. Referral rate was the
percentage of children referred from screening, either to a rescreening step or to diagnostic
assessment, out of all children screened. Follow-up rate was the percentage of children who
attend the diagnostic assessment out of all children referred. Detection rate was the percentage
of children detected with a HI (targeted by the programme), out of all children screened.
Additional measures may also be used to evaluate screening (e.g., sensitivity and specificity), but

these are not reported in this article.
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Figure 1. The cumulative number of participating countries or regions implementing newborn
hearing screening (NHS) and universal childhood hearing screening (CHS) with pure-tone audi-
ometry screening (PTS) according to the reported year of implementation. Information on implemen-
tation year was available for 28 NHS and 11 universal CHS programmes. All programmes with universal CHS
used PTS. PTS started as early as 1950 with a slow spread across participating countries or regions. Only four
implemented new programmes since 2000. Two programmes implemented PTS after NHS. No information was
included about the use of other methods for CHS (e.g., the distraction test) in these countries. The first NHS

programme was implemented in 1994 with a rapid increase from 1995 to 2010.

Assessment of CHS

The questions on the status of CHS included whether it was provided, the year it was first
implemented, and the funding source (e.g., parents, health insurance, state). Questions on the
protocol covered the age at screening (open-ended), the test method (e.g., pure-tone screening,
whisper test), the pass criteria, and the number of rescreening tests performed prior to referral
for audiological or ENT assessment if pass criteria were not met. Pass criteria for PTS were
defined as a valid response at a minimum intensity (dB HL) across specified frequencies, in

either one ear or both ears.
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An open-ended question on screener profession (e.g., nurse, audiologist) was evaluated, in
addition to a multiple-choice question on the screening location (e.g., child health clinic,
school, kindergarten), where several options may be selected including an open choice, under
the heading of ‘other’. The term for early education prior to primary school varied across
countries and for children of different ages. For this article, preschool was defined as all pre-
primary school systems up to primary-school start. The questions on costs included both the

total cost of the screening programme and the cost per child screened.

Supplemental literature data on coverage for CHS

High coverage of CHS can be ensured by combining screening with school attendance, health-
care appointments or with vaccination. Data from supplemental literature were aggregated
to investigate the context for ensuring high coverage rates for CHS for all countries and
regions that participated in data collection, including those without CHS. Indicators of school
and routine child healthcare during childhood were compiled from the following databases:
European Commission/EACEA/Eurydice (2015), UNESCO (2020), UNICEF (2012), and
World Health Organisation (2020, 2019a, 2019b). These included the age, location, and cover-
age rate of the second dose of measles-containing vaccine; the out-of-school rate for primary

school-age children; and the participation rate in preschool.

RESULTS

Out of 49 countries or regions, the questionnaire was sufficiently completed in 47, which were
included in the overall study. Two countries were excluded because the information supplied
was not sufficient to complete a descriptive report (South Africa and Norway). Among the
included countries were 30 high income (HIC), 10 upper-middle income, three lower-middle
income and two low income, according to the World Bank classification system (2019) (Table

1, Appendix).

Provision of CHS

Table 1 and 2 provide an overview of the provision of CHS in 17 participating countries or
regions with universal CHS and 8 countries or regions that offer non-universal or non-routine
CHS. In all 25 countries or regions where CHS is offered, NHS is also performed. CRs from
the remaining 22 countries or regions indicated that their country did not offer CHS. In
twenty programmes, the type of funding for CHS was reported: 14 were funded by either the
regional or national government and six by health insurance.

The distraction test at 7 to 9 months of age was not reported to be used by any programme.
The whisper test was used by three countries or regions for children aged 5 to 8 years of which

one also used PTS. PTS was used for screening children aged 3 to 8 years in 20 countries or
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regions, alone or in combination with tympanometry, speech test or a tuning fork test (Table
1). The test method was unknown for three countries.

In eight countries or regions, limited or variable screening was reported, which took place
during short periods (i.e., project-based), during paediatric doctors” appointments (i.e., non-
systematic), or intermittently during screening camps (Table 2). In 17 countries or regions,
there was universal screening, all using PTS (Table 1). With the exception of Bulgaria and
Serbia, all were high-income countries. The following sections provide findings from these 17

programmes with universal CHS, all performing PTS.

Table 2. Description of childhood hearing screening after the newborn period among 8 countries
or regions that offered non-routine or non-universal screening. A dash indicates that the Country Rep-
resentative did not supply information. Test methods were the whisper test or pure-tone audiometry screening
(PTS). Pass intensity for PTS, indicated in brackets (in dB HL) were provided by three countries or regions. PTS
was accompanied by tympanometry in one country. All other participating countries not listed in Tables 2 or 3
reported that childhood hearing screening was not performed. Abbreviations: SLT (speech-language therapist);
GP (general practitioner); ENT (ear, nose, throat specialist); PTS (pure-tone screening); tymp (tympanometry).

Country Age Test Screener Details of non-universal childhood hearing
and region  (yrs) methods profession Location screening
Czechia - - - - No nationally regulated programme; differences

in provision and protocol across regions.

Estonia 6-8  Whisper Physician Child health  No nationally regulated programme; screening
clinic by physician may be performed based on
parental concern.

India - Screening - - No routine screening; screening camps have
camps been performed in some states during which all
children and adults of any age are being offered
screening. Some ENT specialists screen children

when there is a suspicion of hearing loss.

Moldova, 6-8 PTS+tymp GP,ENT Kindergarten, No routine screening; screening is organised
Chisinau (30-35 school through projects that are carried out within

dB) a limited timeframe on a limited number of

children.

N. 5-6  PTS (30 SLT ENT/hearing Children in Skopje may come into the ENT or
Macedonia, dB) clinic hearing clinic for testing.
Skopje
Poland - - - - No centralised information; screening exists only

in some regions or local areas.

Romania 6 Whisper School School No nationally regulated programme; screening
physician may be performed as a school-entry test.
Slovenia 5-6 PTS Paediatrician, Child health  No nationally regulated programme; differences
(30dB), Nurse clinic in provision and protocol across regions.
whisper,

other
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Implementation of PTS

Universal PTS started in 1950, well before NHS (Figure 1). In 2016, the Flanders region of
Belgium stopped screening universally at age 3, and instead, screening was only performed
on children with risk factors for delayed-onset HI. Universal screening is still performed at
age 5-6. In 2015 in England, expansion of screening in other health care districts was not
recommended while existing CHS could continue to operate. In 2012, Iceland terminated

their CHS programme.

Quality indicators of PTS

Coverage rates were only provided by CRs in three out of the 17 countries or regions with
universal screening. Referral rates from screening and follow-up rates to the diagnostic assess-
ment were only provided by CRs from two countries. Data on detection rate after PTS were
reported from one country.

Coverage rates were provided from Israel, Luxembourg and Serbia. A 97% coverage rate was
reported from Israel, based on a 2015 audit, and 99% from Luxembourg based on data from
2018. In Serbia, the coverage rate in 2017 was 45% for the entire country and 92% for the
Belgrade Region. CRs from four additional programmes reported rough estimations of their
coverage rates, ranging from 90 to 100%.

Referral rates from screening and follow-up rate to the diagnostic assessment were reported
from Luxembourg and Israel. In Luxembourg, 10% did not pass the first screening and were
invited to rescreening, after which 7.6% of all infants first screened were referred to diagnostic
assessment in 2018. Out of these children, 58% followed up to diagnostic assessment. In Israel,
7.9% were referred from screening to diagnostic assessment in 2015. A follow-up rate of 77%
was found by a survey among parents.

The detection rate after PTS was only reported from Israel; 0.012% of infants screened were
diagnosed with a previously undetected permanent HI >25 dB HL. Little information was
provided on OME or CSOM. Five CRs provided estimated prevalence rates; however, the
estimated rates varied dramatically (3.5% of all children to 35% of preschool-age children).

Protocol for PTS

Across the 17 universal PTS programmes, universal screening was performed at two different
ages in four programmes: at 3 to 5 years and again at 6 to 7 years. The age of children at the
earliest screen was 3 to 4 years (4 programmes), 4 to 5 years (5 programmes), 5 to 6 years (4
programmes), and 6 to 7 years (4 programmes).

In all 17 programmes with universal PTS, both ears were screened. In all programmes except
for that in Latvia, children were referred for diagnostic assessment if suspected with a unilateral
or bilateral HI. In 12 programmes, children who did not pass initial PTS were referred to
an audiology or ENT clinic for diagnostic testing. In the other five programmes one or two

rescreening tests were offered before referral to diagnostic testing. The intensity (in dB) used as
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a pass criterion for PTS was available for all 17 programmes and ranged from 20 to 40 dB. In
most programmes the frequencies 500 to 4000 Hz were used. In two programmes 500 Hz was
excluded, and in two others there is higher pass intensity at 500 Hz. The median pass intensity
was 30 dB for PTS performed on children aged 3 to 4 years, and 25 dB for PTS on children

over age 4.

Professionals and locations for PTS

CRs from all 17 universal PTS programmes provided information on location and professionals
(Table 1). For nine programmes, nurses screened children aged 3 to 7 years (median: 5) in a
(pre)school setting. For seven programmes, doctors and nurses screened children aged 4 to 7
years (median: 4.5) in a healthcare setting. In the Netherlands, nurses performed screening in

either a healthcare or school setting.

Costs of PTS

Most CRs could not report on costs of screening. The reported cost per child screened ranged
from 5 to 45 euros; the specific costs included in each estimation were not specified (e.g.,
equipment, disposables, salary). Therefore, these values may have included varying aspects of

the screening programme.

Supplemental literature data on coverage for CHS

Table 1 in the Appendix lists the enrolment in preschool and primary school education together
with economic status, age and coverage of measles-containing vaccine. The median participa-
tion rate in the final year of preschool education for 10 low- and middle-income countries
(LMIC) was 83% compared to 98% for 31 HICs (UNESCO, 2020). In contrast, the median
participation rate for primary school differed only slightly between participating LMICs (95%)
and HICs (98%). Twenty-five participating countries (16 HICs and nine LMICs) offered the
second dose of the measles-containing vaccine during the pre-school or school-entry years (3
to 7 years) (World Health Organization, 2020). According to the World Health Organisation,
out of these nine LMIC:s, five offered the vaccine in schools (The European Observatory on
Health Systems and Policies, 2018, World Health Organization, 2019b).

DISCUSSION

This study revealed that PTS is performed only in some countries that also have NHS, and
most are high-income.The distraction test at 9 months was not reported to be used in any par-
ticipating country. The whisper test, easy to perform but with low sensitivity, is only performed
by three countries or regions. In 20 countries or regions, PTS is used alone or in combination

with tympanometry, speech testing, or tuning fork tests, 17 of which are universal programmes.
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Universal PTS is performed by nurses in a (pre)school setting in nine programmes for children
at a median age of 5 years (range 3-7 years), in a healthcare setting by nurses and doctors in
seven programmes for children at a median age of 4.5 years (range: 4-7 years), and in both for
one programme.

Although we originally aimed to compare the effectiveness of CHS programmes in this
study, coverage rates could only be provided by three programmes, referral and follow-up rates
by two and detection rates by one. It is apparent that data are not routinely collected and that
monitoring and quality control are not performed in the majority of screening programmes.
This makes it impossible to compare the effectiveness of hearing screening programmes and
perpetuates the variety in screening programmes.

When implementing a CHS programme, healthcare policy makers have to make some key
decisions within the context in their country, including the screening location, the professional
performing the screening, the test method, and the age at which a child is eligible for screening.
The location of screening may be a healthcare centre or school. A (pre)school setting is a
viable place for routine health services to ensure high coverage if enrolment rates are favour-
able and lack disparity, which may not be the case in some countries in Europe (UNICEF,
2012). Integrating screening with other healthcare services, such as immunisation, also leads to
high coverage rates and equitable care (Okwo-Bele, 2012). The screening professionals could
typically be nurses, nurse assistants, doctors, audiologists or speech-language therapists. When
deciding on a screening professional, costs of experienced professionals and extensive training
may be justified if it ensures high specificity of the screening.

When deciding on the test method, policy makers must consider that the feasibility of vari-
ous hearing screening tests for CHS depends on the age of the child and the costs. Before 3
years, PTS is typically not possible, as many children this age are not mature enough to learn
the task in a short time or maintain attention throughout the screening. From 3 years onward,
PTS is the most commonly used method for CHS, because it has high sensitivity and specificity
under ideal conditions (Fortnum et al., 2016). PTS will detect both sensorineural and conduc-
tive HI, including conductive HI caused by OME or CSOM. Tympanometry supplements
PTS in two programmes and provides an indication of the presence or absence of fluid in the
middle ear. PTS requires a quiet location, best realised through a sound-proof room. PTS also
requires well-trained screeners and a screening audiometer, which needs regular calibration. All
of these prerequisites may be especially scarce in lower income or more remote areas (Yong et
al., 2020b). The whisper test is still performed in some countries in this study, which requires no
equipment and little training; however, reliability and sensitivity are poor (Pirozzo et al., 2003).
None of the participating countries reported use of new automated technologies for perform-
ing CHS with speech stimuli via a smartphone or tablet, that are based on hearing screening
tests for adults using speech perception in noise (Denys et al., 2019, De Sousa et al., 2020).

After choosing the test method, the age at which screening is provided and the pass criteria

must be decided upon. The advantage of screening from age 3 to 4 is so that intervention can
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be supplied as early as possible. However, sensitivity and specificity may be lower when screen-
ing is performed at 3 to 4 years because of difficulty with sustained attention and less reliable
responses to a low intensity tone in the presence of background noise (Browning, 2000). This
may also explain the 5 dB difference in the reported pass criterion between younger and older
ages. Additionally, OME is highly prevalent at this age (Browning, 2000) which will lead to
higher referral rates of children with a conductive HI. Although not consistent across all studies
(e.g., Fitzpatrick et al., 2014), permanent mild HI may have a negative effect on speech and
language development and school performance (Bess et al., 1998, Winiger et al., 2016). It may
be crucial to identify children with mild permanent HI and persistent OME before or soon
after they start school, so that audiological intervention and accommodation in the classroom
can be provided (McKay et al., 2008).

With PTS, a lower pass intensity will increase the number of cases detected with mild
HI, while a higher pass intensity may more efficiently identify the more severe cases, which
could be particularly resourceful in countries with limited resources (Mahomed-Asmail et
al., 2016). The use of a low-frequency tone (250 and 500 Hz) was not consistent practice
across participating programmes. Lower pass intensity and inclusion of low frequencies will also
capture many children with CSOM or OME, which often presents as a mild HI in the lower
frequencies (Silman et al., 1994). Environmental noise may interfere with a low-frequency tone,
which can result in a higher number of false positives (McPherson et al., 2010). The decision
to include low frequencies may depend on local circumstances, including the likelihood of
environmental noise interference in the chosen screening locations, the existing intervention
pathways, and the local prevalence rates of OME and CSOM at the age when screening is
performed. Including low frequencies in the test protocol improves the sensitivity of the screen,
capturing children with a low-frequency HI (McPherson et al., 2010).

In contrast to universal NHS for which cost-effectiveness has largely been established (Sharma
et al., 2019), that of CHS is not clear (Fortnum et al., 2016). NHS has seen rapid widespread
implementation since 1995. However, children with a HI that develops after the neonatal
period or a mild HI that was not detected by NHS, may subsequently remain undetected if no
additional screening or risk factor surveillance is done (Lii et al., 2011). Whereas universal CHS
has been implemented in 17 countries since 1950, the CHS programme in Flanders (Belgium)
was scaled down in 2016 and terminated in Iceland in 2012. Similarly, in 2015, national expan-
sion of CHS was no longer recommended in England until more information would become
available on its cost-effectiveness.

For parts of the world where NHS is not available, CHS could be cost-effective when it is
the first screening or the only screening available. CHS may also be cost-effective when local
circumstances are taken into account. In countries where CSOM is prevalent and not detected
or treated at a young age, CHS may contribute to its detection (Yong et al., 2020a). Therefore,
the World Health Organisation (2004) recommends performing CHS in developing countries

to reduce the burden of CSOM. Surgical and medical treatment can be provided to mitigate
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hearing problems as well as prevent permanent HI and its associated costs (Nguyen et al., 2015).
In sub-Saharan Africa and South East Asia, a modelling study showed that PTS in combination
with the provision of hearing aids among school-aged children would be cost effective. NHS
was not included in that model, however (Baltussen and Smith, 2012).

This study set out to compare the cost-effectiveness of CHS by evaluating screening qual-
ity indicators: coverage, referral rate, follow-up rate and detection rate across programmes.
Unfortunately, most Country Representatives could not report these data. One may argue that
the lack of available data may have been due to limited access of the participating Country
Representatives who were predominantly involved in NHS. However, in several countries, data
were not sufficiently collected or shared across district or regional programmes.

Consequently, when basic determinants like coverage, referral rate, follow-up rate and detec-
tion rate are not collected, cost-effectiveness cannot be calculated or compared with that of
other countries and, hence, the large diversity between screening programmes remains. It would
be advantageous if all systems for data collection, monitoring and evaluation of screening were
uniform across regions of a nation and across countries. When the data collected and reported
from CHS programmes can be compared across borders, it will be possible to calculate whether
CHS would be cost-effective (alone or in combination with NHS), and optimal conditions like

choices on location, personnel, test method and age of testing can be formulated.
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ABSTRACT

Objectives

Early detection of neonatal hearing impairment moderates the negative effects on speech and
language development. Universal neonatal hearing screening protocols vary in tests used, tim-
ing of testing and the number of stages of screening. This study estimated the cost-effectiveness
of various protocols in the preparation of implementation of neonatal hearing screening in
Albania.

Design

A micro-simulation model was developed using input on demography, natural history of
neonatal hearing impairment, screening characteristics and treatment. Parameter values were
derived from a review of the literature and expert opinion. We simulated multiple protocols
using otoacoustic emissions (OAE) and automated auditory brainstem response (aABR), vary-
ing the test type, timing and number of stages. Cost-effectiveness was analysed over a life-time

horizon.

Results

The two best protocols for well infants were OAE followed by aABR (i.e., two-stage OAE-
aABR) testing in the maternity ward and single-aABR testing. Incremental cost-effectiveness
ratios were €4181 and €78,077 per quality-adjusted life-year gained, respectively. Single-aABR
screening led to more cases being detected compared to a two-stage screening program.
However, it also resulted in higher referral rates, which increased the total costs of diagnostics.
Multi-staged screening decreased referral rates but may increase the number of missed cases due

to false-negative test results and nonattendance.

Conclusions

Only the 2-stage OAE-aABR (maternity ward) protocol was below the willingness-to-pay
threshold of €10,413 for Albania, as suggested by the World Health Organization, and was
found to be cost-effective. This study is among the few to assess neonatal hearing screening
programs over a life-time horizon and the first to predict the cost-effectiveness of multiple

screening scenarios.
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INTRODUCTION

About 32 million children worldwide experience disabling hearing impairment (WHO 2013).

Before the widespread implementation of hearing screening, permanent hearing impairment
among infants typically went undetected until signs of the hearing impairment were evident to
caregivers. Early detection of neonatal hearing impairment can lead to earlier interventions that
improve language development (Pimperton et al. 2016; Yoshinaga-Itano et al. 2017). Studies
have repeatedly shown that, by introducing universal neonatal hearing screening (UNHS),
more infants with hearing impairment are referred for audiological assessment and at a younger
age (Thompson et al. 2001; Wood et al. 2015). A United Kingdom controlled trial found
that with UNHS, 62 more infants with hearing impairment per 100,000 were referred for
audiological assessment before 6 months of age compared to the study cohort without UNHS
(Wessex Universal Neonatal Hearing Screening Trial Group 1998).

UNHS has been implemented in the US and in many European countries, but screening
protocols vary in the type of screening test used, the timing of testing, and the number of screen-
ing rounds (Arehart et al. 1998; Joint Committee on Infant Hearing guidelines 2007; Sloot et
al. 2015). When a screening program is either in development or being evaluated, comparing
the cost-effectiveness of various screening protocols is useful to support the decision-making
processes. However, the evidence supporting UNHS as a cost-effective program is scarce. A
recent systematic review by Sharma et al. (2019) updated the previous systematic reviews by
Colgan et al. (2012) and Langer et al. (2012). They concluded that only a few publications
included quality of life, estimates over the entire lifetime, or distinction of the severity of
hearing impairment.

The design of UNHS protocols includes the test method(s), the location, and the number
of rescreening stages. The screening tests used may be otoacoustic emissions (OAE), automated
auditory brainstem response (aABR), or a combination of the two. A screening test may result
in either “pass” or “refer.” The first stage aims to screen all infants. In a one-stage protocol,
infants that do not pass the screen will be referred for a full audiological diagnostic assessment.
In a protocol with multiple stages, infants that do not pass initial screening are referred for
a second (and possible third) stage for rescreening before referral for diagnostic assessment.
Screening may take place in the maternity hospital before discharge or after discharge during
an outpatient visit.

It is not feasible to compare multiple screening protocols in a controlled trial, simply because
of the expense and time required to recruit and follow-up an appropriately large study sample
micro-simulation models, in which individuals’ lives are simulated, use data resources from
multiple studies, which enable calculations of the life-time costs and effects of a variety of
screening protocols. Local circumstances, such as health care infrastructure, screening participa-
tion, treatment opportunities, and costs, could all influence the effectiveness of a screening

program. For example, if the test is performed when the infant is still in the maternity ward, the
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participation rates for the first hearing test are likely to be high. Long travel distances—espe-
cially in poorer, rural regions—could result in lower participation rates for follow-up screening
tests and audiological assessments.

Part of the EUSCREEN project included implementation of UNHS in Albania. This study
aimed to estimate the most cost-effective UNHS protocol. We developed a micro-simulation
model. Then, we simulated multiple UNHS protocols for the example of Albania and calcu-
lated the most cost-effective protocol for the country. The model was built to analyze screening

protocols for full term, well babies excluding those admitted to the neonatal intensive care unit.

MATERIALS AND METHODS

We developed a microsimulation model using the MIcrosimulation SCreening ANalysis frame-
work to simulate the costs and effects of various UNHS programs. MIcrosimulation SCreening
ANalysis is a microsimulation model developed for the evaluation of screening and has been
used previously to estimate the harms, benefits, and cost-effectiveness of various cancer screen-
ing programs (de Kok et al. 2012; van Hees et al. 2014; Heijnsdijk et al. 2015; Sankatsing et
al. 2015). In this model, the lives of 10 million individuals were simulated from birth to death
in a situation without a NHS program. Next, the model simulates for the same population a
situation in which a screening program identifies the hearing impairment. With this approach,
the population health outcomes of various screening programs can be compared.

Figure 1 describes the first part of the model. Permanent hearing impairment can be con-
genital or acquired later on in life. Hearing impairment can worsen in the first years of life
or it can progress from unilateral to bilateral. Directly after birth, the hearing impairment is
undetected (pre-clinical states in Fig. 1). Without a screening program, this hearing impairment
will be detected later in life, by the parents, caregivers, or teachers. The age of clinical detection
depends on the age of onset and degree of hearing impairment (ref Fortnum). With a screening
program, the hearing impairment can be either detected or missed by the screening test. De-
tected hearing impairment can be left untreated (especially mild or unilateral hearing impair-
ment) or treated with hearing aids or cochlear implantation. Depending on the severity of the
hearing impairment and the effect of interventions, quality of life will be affected. Supplement
I in Supplemental Digital Content 1, http://links.lww.com/TP/C32 provides more detailed
information about the micro-simulation modelling techniques used for this analysis.

We defined a set of input parameters and selected their values based on data from the litera-
ture and multiple expert meetings. Next, we defined a general model for hearing screening.
Finally, as an example, we altered several parameters to the circumstances within the context of

Albanian health care. An overview of all input parameter values is provided in Table 1.
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Figure 1. General MISCAN-Hearing model structure including possible hearing impairment states.
In the model an infant can get hearing impairment at birth or any at any time in life. The proportions unilateral
and bilateral and level of severity are indicated in the figure. Also progression to a more severe state or from
unilateral to bilateral is possible (not shown in the figure). Hearing loss can be detected clinically (for example
by parents’ concerns), or by neonatal hearing screening. When hearing loss is detected by screening, the infants
probably have a higher quality of life.

Natural History of Hearing Impairment

Permanent hearing impairment can be unilateral or bilateral, categorized into three levels of
severity, based on the World Health Organization (2017) classification: mild hearing impair-
ment (26 to 40 decibel [dB]), moderate and severe hearing impairment (41 to 80 dB), and
profound hearing impairment (more than 80 dB). Input from multiple large cohort studies was
used to model this natural history (Fortnum & Davis 1997; Cone-Wesson et al. 2000; Berninger
& Westling 2011; Watkin & Baldwin 2011).

Accurate data on the onset and progression of hearing impairment are scarce (Fortnum et al.
2001; Barreira-Nielsen et al. 2016). Barreira-Nielsen et al. (2016) followed children identified
with hearing impairment in the neonatal period until 4 years of age. Their results showed that
23% of the children had a deterioration of 20 dB within the 4 years period. In our model,
we assumed that 10% of infants with mild hearing impairment will progress to moderate/
severe and 10% of infants with moderate/ severe hearing impairment will progress to profound

across an average of 4 years. Similarly, we assumed that 10% of infants with unilateral hearing
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Table 1. Input parameters and baseline values for MISCAN hearing screening model.

Input parameter Baseline value
Demography Life table Albania (Eurostat, 2017)
Time before clinical detection Average (s.d.) Weibull distribution
Unilateral 4 years (1)
Bilateral, 26-40 dB 3 years (1)
Bilateral, 41-80 dB 2 years (1)
Bilateral, >80 dB 1 year (0.5)
Test device Sensitivity per test
OAE 0.95
aABR 0.97
Treatment by hearing impairment category Probability
Unilateral 26-40 dB 0.5 no treatment
0.5 family education
Unilateral 41-80 dB 0.3 no treatment

0.6 family education
0.1 hearing aid
Unilateral >80 dB 0.3 no treatment
0.65 family education
0.05 hearing aid
Bilateral 26-40 dB 0.35 no treatment
0.35 family education
0.3 hearing aid
Bilateral 41-80 dB 0.1 no treatment
0.1 family education
0.8 hearing aid
Bilateral >80 dB 0.05 no treatment
0.05 family education
0.9 hearing aid

Health-related Quality of Life by hearing impairment category

Unilateral mild (26-40 dB) 1.0
Unilateral moderate, severe, profound (>40 dB) 0.85
Bilateral mild (26-40 dB) 0.85
Bilateral moderate, severe (41-80 dB) 0.661
Bilateral profound (>81 dB) 0.467
Average unit costs EUROs
Invitation per child 1
OAE screening test 10
aABR screening test 20
Diagnostic consultation 60
Early family education (first year) 94
Hearing aid (per side) 110
Fitting hearing aids (per side) 290
Repair of hearing aids (yearly) 23
Extra costs due to late treatment (age 1 to 16) EUROs
Unilateral >80 dB loss 500
Bilateral 41-80 dB loss 1000

Bilateral >80 dB loss 1500
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impairment will develop bilateral hearing impairment within an average of 4 years. Using these
proportions as input parameters, the model estimated 22.7 per 10,000 neonates with unilateral
or bilateral hearing impairment >25 dB at birth. At age 3, a total prevalence of 28.3 per 10,000
children was estimated. This increases to 37.6 per 10,000 children at age 9.

Health-Related Quality of Life
Health-related quality of life (HR-QoL) is described by using utility values, where the value

zero corresponds to death and one corresponds to being perfectly healthy (Drummond et al.
2005). For the purpose of the model, utility values were derived from Barton et al. (2006),
who used a version of the Health Utilities Index Mark 3 for children with bilateral hearing
impairment greater than 40 dB. Ultility values for bilateral hearing impairment 26 to 40 dB and
unilateral hearing impairment greater than 40 dB were assumed to be 0.85 and no utility loss
was assumed for unilateral mild hearing impairment (Table 1).

With the assumption that interventions were successful, we simulated an improvement in
quality of life expressed by a higher utility value. For example, a child having bilateral hearing
impairment between 41 and 80 dB and successfully treated with hearing aids and follow-up

support, will have a utility of 0.85 instead of 0.66 for the rest of his/her lifetime.

Model Adjustments for Albania

Multiple screening protocols were defined with a variation in test method, age of the infant
during testing, and the number of stages of screening. For each stage in each protocol, the test
sensitivity, referral rate, and participation rates were defined (Table 2). We used screening test
sensitivities of 97% for aABR and 95% for OAE for detecting hearing impairment >40 dB,
based on the findings of a controlled trial study in the United Kingdom (Kennedy et al. 2005),
see Supplement I in Supplemental Digital Content 1, http://links.Ilww.com/TP/C32.

For the referral rate, we used 9.7% when screening was performed with OAE on day 2 (24
to 48 hours) after birth, based on a previous pilot study in Albania (Hatzopoulos et al. 2007).
When OAE testing was performed within the first 24 hours after birth, we used a higher refer-
ral rate (20%), due to increased likelihood of fluid in the middle ear directly after birth (Hergils
2007). For testing with aABR on day 2, a referral rate of 7% was used (Hofmann et al. 2012).

Participation rates were estimated to be 95% for all inpatient screens. This was the case in
all first stages and in some second stages, if performed while infants were still in the maternity
ward. When second (and third) stages occur after hospital discharge, we estimated a 70% partici-

pation rate based on expert opinion from the members of the EUSCREEN study.

Treatment

For the example of Albania, each treatment intervention can include family education, sign
language, speech therapy, and special education throughout childhood. The probability of each
treatment type was based on the Bamford et al. (2007) report, updated with Albanian expert
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Table 2. Screening protocols and attendance rates per screening stage for Albania.

- N Stage 1 Stage 2 Stage 3

) =3 Q

= S s

S 2 - '§

) 23 o ®

& £ ‘5 & 2 g

& @ 8 3 s s

o b g 2 _§ =]

£ B8 3 g

£ 'd S o - 2

o 9 Q A =

= 3 E g o x *

9 9 ] > ° x o o =

@ =] =] = =] b =] b =
o £ = 5} I} 15} ] o i}

28 e 28 z t %9 £ b £ b 2
Screening protocol A e -7 ~ < K < [ < [ o
OAE OAE aABR 2-10-30 88% 17.7%  95% 10% 70%  30% 70% 30% 47%
OAE OAE aABR (maternity) 1-2-10 88% 8.9%  95% 20% 95% 30% 70% 30% 63%
OAE aABR 2-10 92% 6.1%  95% 10% 70% 30% N/A N/A 67%
OAE aABR (maternity) 2=2 92% 5.6% 95% 10% 95% 30% N/A N/A 90%
aABR aABR 2-10 94% 82%  95% 7% 70% 30% N/A N/A  67%
aABR 2 97% 25% 95% 7% N/A N/A N/A N/A 9%

Overview of all screening protocols tested in the model. All programs assume first round testing at the maternity
ward. Both programs labelled ‘maternity’ involve screening while still admitted to maternity ward for the first
two stages.

Attend*: Attendance rate; number of children attending specified screening stage, as a percentage of all children
invited for that particular round. Refer**: Reeferral rates; number of children referred to next stage or diagnostic

follow-up, as a percentage of all children screened in that particular stage.

opinion. Currently, there is little opportunity for pediatric cochlear implantation in Albania.
Although cochlear implantation may be adopted as usual care in the future, we assumed that
all patients eligible for cochlear implantation were offered amplification via hearing aids. We
estimated the probability of success (i.e., significant improvement of HR-QoL) to be 80%
if infants were treated before their first birthday. The success rate declines linearly to 0% if

initiated at age 6 years of age or older.

Costs of Screening and Treatment

The costs per screen were estimated based on the screening test device used, nurses’ salary, and
room rental. The costs for treatment were divided into costs for initial treatment (first year),
costs for life-time usage of hearing aids, and additional costs for special education and early
family intervention (Bamford et al. 2007). Infants treated with hearing aids were assumed to
have their hearing aids replaced every 5 years on average for the rest of their lives. Most likely,
each infant detected after the age of one would require extra investments on special education
and early family intervention. These costs were obtained from local expert opinion and were
included in the model for the ages of 1 to 16 years. Prices were converted from 2007 pound
(£) to 2017 euro (€). Both direct and downstream health care costs were included (Table 1).
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Cost-Effectiveness

For each protocol, the quality-adjusted life years (QALY') gained were calculated by multiply-
ing the increase in HR-QoL for each child by the remaining life-years based on the life
expectancy for Albania. Next, the sum of all costs (screening, diagnosis, and treatment) and
the sum of all QALY were calculated for all 10 million infants in the micro-simulation. Cost-
effectiveness was calculated by dividing the total net costs by the QALYs gained. We used a
3% discount rate for both costs and QALYs, that is, the costs and QALYs were valued 3% less
each year to reflect uncertainty in the future, as is common practice in health economic studies.
Cost-effectiveness was analysed from a health care perspective, meaning that societal costs (e.g.,
travel costs for the parents) and benefits (e.g., increased work productivity later in life due to
successful amplification with hearing aids in early childhood) were not included.

To compare the screening protocols, we determined the average cost-effectiveness ratio
(ACER) and the incremental cost-effectiveness ratio (ICER). The ACER is calculated as
the net costs per QALY gained compared with no screening. The ICER is calculated as the
incremental net costs per incremental QALY gained compared with the previous cost-effective
protocol.

One-way sensitivity analyses were performed by varying each selected parameter of the
model individually. These additional model simulations aimed to evaluate the effect of specific
parameters on the simulation results. The results of the sensitivity analyses can reflect variation

across countries.

RESULTS

Effects

About 23 infants (per 10,000 population) were expected to be born with hearing impairment.
Table 3 shows the average number of infants participating and referred and the number of
cases detected per 10,000 infants for each screening protocol. The 2-stage screening protocol,
OAE-aABR (maternity), referred 271 infants for audiological diagnostic testing, to detect an
average of 15.2 infants with hearing impairment. When the second stage of the same protocol
(OAE-aABR) was performed at day 10 after birth, 200 infants were referred for diagnostic
testing, which resulted in an average of 11.1 infants with hearing impairment detected. Here,
fewer infants were detected due to lower participation at the second stage. If a multi-stage
screening protocol is implemented, infants were lost to follow-up between test rounds and
fewer infants were detected. For a single-stage aABR screening protocol with minimal lost
to follow-up, a relatively high numbers (average of 16.8 infants) were detected. However, in
this protocol, a large number (665 infants) was referred for audiological diagnostics, which

substantially increased the expense.
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Table 3. Predicted number of participation, referrals, cases detected and cost-effectiveness for vari-
ous screening protocols for Albania per 10,000 children.

OAE aABR OAE aABR OAE OAE OAE OAE aABR aABR
(maternity) aABR aABR aABR
(maternity)
Stage 1 participation 9,500 9,500 9,500 9,500 9,500 9,500
Stage 1 referrals® 950 950 950 1900 665 665
Stage 2 participation 903 665 665 1805 n/a 466
Stage 2 referrals® 271 200 200 542 n/a 140
Stage 3 participation n/a n/a 140 379 n/a n/a
Stage 3 referrals® n/a n/a 42 114 n/a n/a
Cases detected due 15.2 11.1 7.4 10.2 16.8 11.5
to UNHS, age < 6
months”
Bilateral > 40dB 8.6 6.3 4.2 5.8 9.6 6.5
cases detected due
to UNHS, age < 6
months®
Discounting 3%
Total extra costs (€) €45,915 €61,976 €71,568 €74,874 €135,968 €147,067
Total QALYs gained 10.98 8.05 5.39 7.48 12.14 8.40
ACER‘ (€/QALYs) €4,182 €7,700 €13,273 €10,013 €11,204 €17,511
ICER® €4,182 Inefhicient Inefhicient Inefhicient €78,077 Inefficient

(A€ / AQALYs)

* Referrals from screening to diagnostic consultation in the grey cells.

® Predicted total cases of hearing impairment at birth: 22.7 / 10,000.

“ Predicted total cases of bilateral hearing impairment > 40dB at birth: 10.4 / 10,000.

¢ ACER: Average cost-effectiveness ratio: Total costs / total QALYs gained compared with no NHS (rounded).
¢ ICER: Incremental net costs per incremental QALY gained compared with the previous cost-effective protocol

(rounded).

Cost-Effectiveness

Table 3 shows the total life-time costs, QALY's gained, ACER, and ICER for each screen-
ing protocol for a cohort of 10,000 children. OAE-aABR  (maternity) was estimated to cost
€45,915 for 11 QALY gained compared to no screening program. This resulted in €4181 per
QALY gained (ACER). The single-stage aABR protocol was estimated to cost €135,968 for
12.1 QALYs gained compared to no screening protocol. This resulted (rounded) in €11,204
per QALY gained (ACER).

Figure 2 provides another overview of the total life-time costs and QALY's gained for each
screening protocol. The two protocols using only aABR were more expensive than the protocols
using only OAE or a combination of OAE and aABR.The OAE-aABR (maternity) protocol
and aABR protocol gained the most QALYs, but the differences between the protocols were
very small (one QALY per 10,000 children).
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In Figure 2, the efficiency frontier is the line that connects the cost-effective screening
protocols. All protocols that fall beneath this line are inefficient. For example, implementing a
three-stage screening protocol would cost more than a two-stage protocol and would also result
in fewer QALY gained. After excluding the inefficient protocols, only two protocols remained:
OAE-aABR (maternity) and aABR. ICERs were calculated by dividing the difference in net
costs by the differences in QALY's gained. The cheapest protocol was OAE-aABR (maternity).
When comparing a situation without NHS to OAE-aABR (maternity), the resulting ICER
was (rounded) €4181 per QALY gained (€45,915/11.0-0). When comparing OAE-aABR
(maternity) to aABR, the resulting ICER (rounded) was €78,077 per QALY gained ([135,968
to 45,915]/[12.1 to 11.0]).

14
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§ 12
= »
= 10 OAE aABR
S (maternity)
=3 aABR aABR
S OAE aABR
= 8
2 % OAE OAE aABR
= (maternity)
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Figure 2.The total costs and total QALYs gained for each strategy for Albania (at 3% discount rate).

Sensitivity Analyses

One-way sensitivity analyses were performed for input parameters on the distribution of sever-
ity categories of hearing loss; the age of clinical detection; screening participation rates; costs
of diagnosis and quality of life. Sensitivity analyses showed that the two-stage OAE-aABR
(maternity) screening protocol using different assumptions was still preferred overall other
protocols tested in the model (Supplement II in Supplemental Digital Content 1, http://links.
Iww.com/TP/C32).
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DISCUSSION

The model revealed substantial differences in number of infants detected by screening and cost-
effectiveness between different screening methods. Overall, performing a multistage screening
program will decrease the number of refers to diagnostic assessment. A two-stage OAE-aABR
protocol resulted in over four times as many referrals for diagnostic testing compared to the
three-stage OAE-OAE-aABR protocol. Many extra referrals will lead to unnecessary health
care costs and is a burden for infants and their caregivers. Contrary, performing multiple screen-
ing stages may lead to an increased number of missed cases of hearing impairment in each
screening stage, either caused by infants that don’t attend the next stage of the protocol or by
having false negative test results.

Another example of a choice in the screening program is about the day of screening. Ensur-
ing all tests are performed while the infant is still in the maternity ward will increase the uptake
and may lead to fewer cases lost in between stages. However, performing the first screening test
too soon after birth will increase the number of false-positive tests due to the high likelihood of
fluid in the middle ear directly after birth. Differences in health care system structure and child
health care utilization between countries have to be taken into consideration when designing
the most optimal screening program.

The willingness-to-pay threshold is a benchmark for health care policymakers to practi-
cally apply cost-effectiveness analyses to their decision-making processes. A new health care
intervention can be considered cost-effective if the ICER between the new and current
intervention is no more than three times the gross domestic product per capita (World Health
Organization 2016). For Albania, the willingness-to-pay threshold is € 10,413 (3 times €3471)
per QALY gained (World Bank Group 2017). Only the two-stage OAE-aABR (maternity)
protocol (ICER = €4181) fell under the willingness-to-pay threshold for Albania. Therefore,
the two-stage OAE-aABR (maternity) protocol is the cost-effective protocol for this country.
Sensitivity analyses showed our model predictions are robust. The cost-effective ratio of this
protocol remained below the Albanian willingness-to-pay threshold when we assumed an
increasing age of clinical detection (ICER €2371) or a decreasing screening participation rate
(ICER €6071). However, the cost-effectiveness ratio of the OAE-aABR  (maternity) protocol
exceeded the willingness-to-pay threshold when we assumed that the distribution of the
prevalence of hearing impairment was shifted towards milder hearing losses (ICER €12,159)
or when we assumed that effects of early hearing impairment identification on quality of life
were smaller (ICER €24,895).

To our knowledge, our model is the first that compared multiple hearing screening protocols
where most studies compared only two to three screening programs (Keren et al. 2002; Grill et
al. 2005; Burke et al. 2012; Colgan et al. 2012). Keren et al. (2002) concluded that UNHS could

be cost-saving under the assumption that early detection substantially decreases future costs and
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productivity losses. Burke et al. (2012) concluded that costs of screening and baseline prevalence
are the most influential factors in the cost-effectiveness of hearing screening protocols.

The model predictions in this study assessed quality-adjusted life-years over a lifetime hori-
zon, which facilitates comparison between cost-effectiveness studies and interpreting results for
decision-makers (Sanders et al. 2016). In contrast, most other studies estimated only the effects
in the first years of life or reported on costs per case screened/detected, making it difficult
to compare with other health interventions. Furthermore, the natural history component of
our model was populated using multiple large cohort-studies, providing more certainty for
the data used as model input. Finally, this model includes both unilateral and bilateral hearing
impairment as well as mild hearing impairment.

There are some limitations to emphasize. First, our model incorporates hearing screening
for well babies only. Infants admitted to the neonatal intensive care unit are often screened
with a separate protocol due to the increased prevalence of auditory neuropathy. Second, we
performed an economic evaluation from a health care perspective. We excluded societal costs
such as loss of income by the caregivers when traveling for screening and treatment appoint-
ments. This was, however, our conscious decision. Scarcity of evidence on life-time productivity
losses (e.g., income) due to hearing impairment would increase uncertainty regarding model
outcomes. Thirdly, the exact relationship between the severity of neonatal hearing impairment,
timeliness of early intervention and HR-QoL is unclear. A systematic review (41 studies) and
meta-analysis (included 4 out of the 41 studies) found that HR-QoL was generally lower
for children with hearing impairment compared to their normally hearing peers, but not all
included studies supported that conclusion (Roland et al. 2016). However, to compare UNHS
with other health care interventions, it is necessary to calculate costs per QALY gained. We
aimed to cover the uncertainty of the utility values by imposing higher utilities (compared to
baseline analysis) for hearing impairment in the sensitivity analysis.

Several assumptions had to be made for the model input. The participation rate, referral rate,
sensitivity, specificity, and prevalence may turn out differently from our estimates. For example,
true prevalence of hearing impairment in children is often unknown and varies between coun-
tries (Wilson et al. 2017; Bussé, 2020). Also, differences in socioeconomic background of the
target population may lead to different health care utilization (Andersen 1995). Citizens of rural
areas may experience difficulties in access to care caused by longer travel times for screening
and follow-up diagnostics. Furthermore, referral rates are highly variable and have been shown
to depend on the training of staff conducting the screening, the day of testing, the type of test
used, and the referral criteria (unilateral/bilateral, hearing impairment threshold) (Vohr et al.
2001). Referral rates have been shown to be high in the first years of screening implementation
and decrease as experience increases among the screeners (De Ceulaer et al. 2001; Wood et al.
2015). More accurate parameter values for the specified Albanian setting will become available

after the first few years of implementation.
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CONCLUSION

We developed a model that evaluated costs and effects of multiple UNHS protocols for well
infants over a life-time horizon.The model estimations for Albania supported that a two-stage
screening protocol (OAE-aABR maternity) was cost-effective for implementation. Because
our model is readily adjustable, future possibilities for model development can include predic-
tions for other countries and settings. This may be useful to decision-makers when designing

the most optimal screening program for their country.
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ABSTRACT

Objectives

The EUSCREEN study compares the cost-effectiveness of paediatric hearing screening
programmes and aims to develop a cost-effectiveness model for this purpose. Alongside and
informed by the development of the model, neonatal hearing screening (NHS) is implemented

in Albania. We report on the first year.

Methods

An implementation plan was made addressing objectives, target population, screening protocol,
screener training, screening devices, care pathways and follow up. NHS started January 1st, 2018
in four maternity hospitals: two in Tirana, one in Pogradec and one in Kukés, representing
both urban and rural areas. OAE-OAE-aABR was used to screen well infants in maternity
hospitals, whereas aABR-aABR was used in neonatal intensive care units and in mountainous
Kukés for all infants. Screeners’ uptake and attitudes towards screening and quality of screening
were assessed by distributing questionnaires and visiting the maternity hospitals. The result of’
screening, diagnostics, follow up and entry into early intervention were registered in a database

and monitored.

Results

Screeners were keen to improve their skills in screening and considered NHS valuable for
Albanian healthcare. The number of “fail” outcomes after the first screen was high initially but
decreased to less than 10% after eight months. In 2018, 11,507 infants were born in the four
participating maternity hospitals, 10,925 (94.9%) of whom were screened in the first step. For
486 infants the result of screening was not registered. For the first screen, ten parents declined,
eight infants died and one infant was discharged before screening could be performed. In 1115
(10.2%) infants the test either could not be performed or the threshold was not reached; 361
(32.4%) of these did not attend the second screen. For the third screen 31 (34.4%) out of 90 did
not attend. Reasons given were: parents declined (124), lived too far from screening location
(95), their infant died (11),had other health issues (7), or was screened in private clinic (17), no

reason given (138).

Conclusions
Implementation of NHS in Albania is feasible despite continuing challenges. Acceptance was
high for the first screen. However, 32.4% of 1115 infants did not attend the second screen, after

a “fail” outcome for the first test.
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INTRODUCTION

The EUSCREEN study [1] compares the cost-effectiveness of paediatric vision and hearing
screening programmes and aims to develop a cost-effectiveness model for this purpose. When
completed, the model can be used to assist introduction, modification or disinvestment of a
screening programime in a country or region, taking into account the local circumstances such
as professionals available to screen and existing screening pathways. Alongside the development
of the model and informed by its preliminary predictions, neonatal hearing screening (NHS)
is being implemented in Albania, where hearing screening is not yet routinely performed.The
implementation of NHS is being evaluated in three provinces in Albania: Tirana, Pogradec and
Kukés. Information gathered by the implementation study will be used to validate and calibrate
the model to improve its predictions.

Studies that report on implementation of NHS can be retrospective [2—4] or prospective
[5—-12] cross-sectional studies. They mainly report on the outcomes related to the screening
programme, such as coverage, referral rates and attendance rates. Only a few describe the actual
implementation process and describe their experiences with requisites and barriers for imple-
mentation [8, 9, 12]. In most countries where NHS has been implemented, most of the infants
are born in maternity hospitals. Acceptance of the first screen has been found to vary between
90.85% (China [11]) and 99.8% (Singapore [8]) (Table 1), however, out of all infants screened
in the first screen, the percentage that was invited fora second screen varied between 1.7% [7]
and 14.3% [9], whereas nonattendance for the second screen varied between 0.1% in France [2]
and 51.6% in Nigeria [9]. Out of all infants who attended the second screen, between 10.75%
[10] and 31.3% [2] received a “fail” outcome (the test could not be performed or the threshold
was not reached). Between 4.6% [2] and 64.6% [5] did not attend diagnostic assessment.

Table 1. Studies on implementation of NHS in other countries, their protocol, attendance and referral rates.

Author Country Protocol Atten- Invited Non- Referral
dance screen attendance diagnostic
screen 1 2 screen 2 assessment

Augustine, 2014[5]  India aABR, aABR 97.70%  9.10%  17.40%

Bouillot, 2019/(2] France aABR, aABR, (aABR) 99.50%  10.30% 0.10% 2.20%

Caluraud, 2015[7]  France OAE+aABR, aABR. 99.40%  1.70%  7.90% 0.20%

Chen, 2017(3] China OAE, OAE 93.60%  11.30% 31.30% 0.80%

Low, 2005[8] Singapore OAE/aABR, OAE/aABR  99.80% 6.00%

Olusanya, 2008[9]  Nigeria OAE, aABR. 14.30% 51.60% 4.10%

Saki, 2017[10] Iran OAE+aABR, OAE+aABR 11.68% 4.23% 1.25%

Sun, 2009[11] China OAE, OAE 90.85%  12.16% 34.32% 7.30%

Uilenburg, 2009[12] The Netherlands OAE, OAE, aABR. 94.00%  7.60%  6.30% 2.20%

Wood, 2015[4] UK OAE+aABR 97.54% < 3.00%
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The Joint Committee on Infant Hearing (2007,2019) [13, 14] defined benchmarks to evalu-
ate the implemented NHS programmes. They recommend to cover 95% of eligible infants and
to refer less than 4% of infants to diagnostic assessment. They also recommend for an infant to
complete screening within the first month after birth, to complete diagnostic assessment within
3 months after birth and to initiate intervention within 6 months after birth.

Albania has a population of 2.9 million inhabitants and an annual birth rate of about 30,869
[15]. Assuming a prevalence between 1 and 3 per 1000 neonates [16—18], in Albania ap-
proximately 30-90 out of the 30,869 infants are born with a permanent sensorineural hearing
impairment (HI) of more than 40 dB HL. Without a screening programme, hearing disorders
usually are not detected or treated until infants are one to three years old [19,20]. Delays in
detection and treatment of childhood hearing impairments have serious consequences for
speech, language, cognitive and socio-emotional development [21, 22] which can be prevented
or significantly reduced by neonatal hearing screening, timely diagnosis and effective early
intervention.

Albania is one of the few European countries currently without established NHS. White
(2010) [23] reported that of the countries that have an NHS programme, seven screened over
90% of neonates, nine countries screened 25—89% of neonates and 46 countries screened less
than 25% of neonates. Sloot et al. (2015) [24] reported that 33 of 38 European countries had a
nationwide NHS programme.

An Albanian-Italian study, conducted in 2003—2004 by Hatzopoulos et al. (2007) [25] and an
Italian study, conducted in 2009-2012 and funded by MAGIS by Beqiri and Nika (2015) [26]
previously studied implementation of NHS in Albania. Hatzopoulos et al. (2007) [25] used a
screening programme with two examinations in which infants who failed the first otoacoustic
emission (OAE) screen performed in the maternity hospital 2-3 days after birth, underwent
a second OAE after four weeks. Infants who failed the second OAE were asked to return a
third time after 4-6 weeks for diagnostic assessment using click-auditory brainstem response
(ABR). They screened 463 well babies (WB; healthy infants without any overt diseases) and
1098 infants admitted to the neonatal intensive care unit (NICU). The programme had an
attendance of 98.5% for the initial OAE. However, 40-50% of infants did not attend the second
OAE.Two (0.18%) NICU infants of the 1098 and none of the 463 WB were diagnosed with a
bilateral hearing impairment. Beqiri and Nika (2015) [26] screened 47,341 infants in the three
main cities of Albania (Tirana, Shkodra and Fier) with an OAE-ABR protocol for WB and a
single ABR for NICU infants. Of the infants screened, 93 had a bilateral hearing impairment.
These NHS programmes were not continued. At the time the studies ended, the Albanian
government and its Ministry of Health did not consider continuation of NHS to be a priority,
resulting in no programme implementation at that time.

We report on the first year of implementation of a NHS programme as part of the EU-
SCREEN project in three provinces in Albania (Tirana, Pogradec and Kukés) that started on
January 1st, 2018.
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METHODS

In what follows, we describe the prediction of the cost-effectiveness model, the demography,

the screening protocol and methods to assess outcome of implementation.

Prediction of the cost-effectiveness model for Albania

A micro-simulation model has been developed using the MIcrosimulation SCreening ANalysis

(MISCAN) model structure [27].This model was originally developed to simulate the natural

history of diseases and to evaluate screen-
ing programmes such as for cancer. It was
provisionally adapted to evaluate neonatal
hearing screening programmes.

In the preparation phase in 2017, the
cost-effectiveness model was used to
evaluate several possible NHS programme
approaches, taking into account local
circumstances in Albania such as demog-
raphy and geography, natural history of
hearing impairment in Albania and costs. It
proved to be impossible to make accurate
predictions as the data needed for the
calculation were insufficient or unknown.
Since the model was still in the process of
being developed, it was a challenge for the
preliminary version of the model to take
all of the local circumstances into account
to calculate the most cost-effective NHS

programme.

Demography

NHS was implemented in Tirana, Pogra-
dec and Kukés in Albania (Fig. 1) because
they offer an appropriate representation
of the general population of Albania with
respect to provision of health care in
both urban and rural areas and a range of
socio-economic circumstances. The NHS
programme has been implemented in two
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Geraldine (MG) and Ko¢o Gliozheni (KG), each having their own NICU department. It has
also been implemented in the maternity hospital in Pogradec and the maternity hospital in
Kukés. The maternity hospitals in Pogradec and Kukeés provide limited NICU care. In Albania
the majority of the deliveries (>97%) take place in a hospital [28]. Deliveries at home are rare
and occur mainly in remote areas, where no adequate transport is available.

Whereas both Pogradec and Kukés are located in rural and mountainous regions, Kukés is
one of the poorest regions in Albania and the inhabitants of the Kukeés province are more spread
out across the countryside. Parents have to travel far from remote places to reach the maternity
hospital and roads are often blocked by snow in winter. Pogradec is situated in the South-East
of Albania near the border with Macedonia and Kukés is situated near the border with Kosovo
in the North-East of Albania.

Location and timing of screening

The total number of births per year in the maternity hospitals in the selected regions is ap-
proximately 11,500. The majority of deliveries (approximately 10,000) take place in the two
maternity hospitals in Tirana. The maternity hospitals in Pogradec and Kukés each account for
400-600 births annually.

In Tirana and Kukés, mothers are discharged within 24 h after delivery. In Pogradec, dis-
charge takes place within 48 h after delivery. Unless infants are delivered by a caesarean section,
mothers do not return for routine follow up appointments after they have left the maternity
hospital. To reach high coverage, the best option was to perform the first screen in the period
the mother and the infant were still in the maternity hospital. However, when screening shortly
after birth, residual amniotic fluid in the neonates’ middle ear has been shown to cause a higher
rate of failed tests [29, 30]. OAE measures the reactive sound emitted by the outer hair cells in
the cochlea to a tone or click produced by the screening device and played in the ear canal.
The residual amniotic fluid causes the middle-ear to be less sound-conductive and increases the
number of “fail” outcomes during screening. Amniotic fluid disappears when the middle ear is
aeriated and more optimal screening conditions may be reached between the third and fifth day
after birth [29]. An aABR detects the change in brain wave activity of the auditory brainstem as
a reaction to a tone or click. Screening tests performed with aABR are less sensitive to transient
conditions such as amniotic fluid in the middle ear, which results in fewer false-positive results
[31].

Most existing NHS programmes commonly use a combination of OAE and aABR in a
screening protocol that consists of 2 or 3 subsequent screening steps [24, 32]. Sensitivity and
specificity are between 90% and 100% for both tests [33—35]. Although aABR is more sensitive
and specific, less sensitive to transient conditions in the middle and external ear and more likely
to detect auditory neuropathy, aABR may be more expensive and time consuming than OAE.
Both OAE and aABR can be performed by a wide range of practitioners, provided that they

are appropriately trained and have gained sufficient experience.
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The Ministry of Health was consulted by the local study coordinator (BQ) to receive ap-
proval for the study and to decide on the maternity hospitals that participate in the study.
Agreements were made between the Tirana University Hospital Centre (TUHC) and the
maternity hospitals in Tirana, Pogradec and Kukés. All infants born healthy as well as all infants

admitted to NICU in one of the four maternity hospitals were eligible for NHS.

Screening personnel and training

The first screen was performed in the maternity hospital after delivery and before discharge.
Nurses and midwives who were already employed in the maternity hospitals were considered
most suited to be trained to perform the screening. Other NHS programmes have trained a
wide range of professionals for NHS such as health care professionals, paediatricians, speech
language therapists, audiologists or dedicated screeners.

During the autumn of 2017 a training course of three days was set up for screening nurses
and midwives participating in the programme. During the first course screeners were taught
theoretical information regarding anatomy and physiology of hearing, hearing impairment,
hearing (screening) tests, diagnostic assessment, factors influencing the testing, etc. In the sec-
ond course, screeners were taught about the screening devices, and screeners were able to use
the devices. In the last course, screeners were taught about communication skills. They were
given information on how to approach and inform parents regarding their participation in the
screening programme, how screening can affect the parents, how to explain the test they are
performing, and how to explain the result to the parents. After the course, the knowledge of
the participants was assessed by administering a test and their screening skills were evaluated.

During screening the screeners were supervised by a team from the University of Tirana
supported by technical staff of the manufacturers. After several months of screening a re-
fresher course was organised so screeners could exchange experiences, get help with problems
identified and have questions answered.

An additional one-day course was set up for health care professionals from Tirana, Pogradec
and Kukés that did not perform screening: personnel (nurses and general practitioners (GP))
from health centres in the villages, midwifes from maternity hospitals that did not perform
screening, paediatricians from child consultancy centres and public health workers. During
this course these health care professionals were informed about the purpose of the screen-
ing programme, how screening is performed, how infants are followed up and what kind of
rehabilitation is provided. Furthermore, information on NHS was included in the continu-
ing education courses provided for GP’s nationwide. GPs will be informed on the screening
outcome through the ‘baby book’ each infant receives in the maternity hospital. In this book,
medical information such as birthweight is recorded, a page was added to document the result

of hearing screening.
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Information for parents of screened children

The awareness of parents about the importance of early detection and intervention and their
acceptance of NHS is of great importance for the success of the programme [36,37]. This has
previously been reported for NHS programmes in Albania [25, 26]. Leaflets and posters were
developed to inform parents about hearing impairment and the effect of hearing impairment
on the development of their infants. One leaflet was developed about the existence, rationale
for and the course of the screening programme. Another leaflet was developed about what
happens when an infant is referred for diagnostic assessment. Information campaigns and inter-
views were broadcast on television and radio. Furthermore, information videos were produced

and played on screens in the waiting rooms of the maternity hospitals.

Outcome criteria for implementation of the screening
programme

In this ongoing implementation study, the following criteria for implementation of screening
are to be assessed: acceptability, adoption, appropriateness, feasibility, fidelity, costs, coverage
and sustainability of the screening programme [38, 39]. These criteria can only be assessed
after the implementation study has ended in 2020. The definitions and appraisal methods of
acceptability, adoption, appropriateness, feasibility, fidelity, costs, coverage and sustainability of
the screening programme are presented in the supplemental material (Appendix 1).

A questionnaire was used to measure the screeners’ uptake and the acceptability of hearing
screening, their level of responsibility, and their attitudes towards parents. It consisted of 155
multiple choice questions in seven domains: general information, attitudes of the screener
towards hearing screening, hearing loss, parents of infants screened and subcultures, individual
features of the screener and additional questions. This questionnaire was distributed amongst
screeners at the start of the screening programme and after one year of screening. They will
be asked to fill out the questionnaire again after two years of screening. On-site visits and
observations were made to determine the adoption and adherence to the programme, to get
an indication of the commitment, understanding and the skills of the screeners. The workflow
in the maternity hospitals and the collaboration within the screening teams in the maternity
hospitals was studied: how the teams experienced the training courses, how much they re-
membered after training, how well they used and handled the devices. Additionally, interviews
with 8 parents and all 21 nurses who perform screening in each maternity were conducted. In
these interviews, parents were asked how they experienced the screening and what information
they received. Nurses were asked about their experiences and opinions regarding the screening
programme.

At the end of the implementation study in 2020, the acceptability, adoption, appropriateness,

feasibility, fidelity, costs, coverage and sustainability of the screening programme will be assessed.
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Database of screened infants

To collect data about the screened infants, a database was developed for the implementation
study. Data were filled out by local screeners and the database was monitored by the Erasmus
Medical Centre in Rotterdam. All four maternity hospitals were assigned an account in the
database. Screeners were able to create their own account that was linked to one of the ma-
ternity hospitals. Each eligible neonate was registered in the database by one of the screeners
and was assigned an anonymous and unique number. Screeners filled out medical information
about the neonates screened such as date of birth, duration of the pregnancy and possible risk
factors for hearing impairment. They also registered the date and results of screening as well as
the reasons given by parents to decline screening. All three screening outcomes were registered
as well as subsequent diagnostics, follow up and hearing-aid fitting. The overall coverage of the

programme was estimated from the number of eligible infants screened.

Care pathway and follow up strategies

Following referral from completion of screening, infants received diagnostic assessment at the
TUHC or Child Centre for Rehabilitation (CCR) in Tirana. An audiometric booth was built
in the TUHC. This room was equipped with one diagnostic ABR device that can be used
for both diagnostic ABR and auditory steady state response testing. Another diagnostic ABR
device was installed in the CCR.

Because Albania had no formal neonatal hearing screening programme to date, there was
little experience with hearing aid fitting in very young infants. In the spring of 2018, a team
consisting of speech language therapists, psychologists and paediatricians was trained to help
guide parents through the care pathway and provide early intervention. This has helped to
create a pathway for children with various levels of hearing impairment and to ensure that
the families experience between detection of hearing impairment and appropriate follow up

is streamlined.

RESULTS

Screening protocol

It had been our intention to have the model predict the best screening protocol for the three
provinces in Albania. However, the development of the model had to be completed within 7
months and it was not sufficiently finished when the decision on the protocol had to be made
and the training of screeners began. Furthermore, because of the sparse and not very detailed
data on demographics, current provision of healthcare, follow up and costs, it proved to be
difficult to adapt the model specifically for the situation in Albania and to make differentiated
regional predictions for Tirana, Pogradec and Kukés. For example, because of the lack of

experience with NHS, the margin of error in the estimation of the costs for screening and
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diagnostic assessment was very large. This information is difficult to collect, even in countries
with established NHS programmes.

As a consequence, decisions made for the screening programme relied much on sound clinical
judgement, experience of implementation of NHS in other countries and conclusions made
after the previous attempts to implement NHS in Albania. Based on these considerations, local
circumstances, expected expenses associated with the screening programme and expected costs
for the parents a multi-step programme including aABR was chosen to improve the specificity
of the programme and to reduce the number of infants that have to travel to Tirana for full
diagnostic assessment. The sequence of the tests, the location, choice of screening regime and
postnatal age at the first screen and the age at repeat screening were considered to be relevant
to decide on the NHS programme implemented in Tirana, Pogradec and Kukés. This led to the
use of a different protocol in the mountainous region of Kukés as this could reduce the need
for repeat screening in recognition of the long journey parents have to undertake to reach the
maternity hospital [40]. In anticipation of this problem, the number of steps were reduced and
a more specific screening test was expected to result in lower referral rates.

The protocol for WB in Tirana and Pogradec was decided to be an OAE-OAE-aABR test
sequence. This protocol was used in both maternity hospitals in Tirana and in the maternity
hospital in Pogradec. This sequence was chosen because a three-step programme and the use
of an aABR screen offers high sensitivity and specificity. A two- or three-step screening pro-
gramme and a combination of both OAE and aABR are commonly used across Europe, and
higher sensitivity and specificity are beneficial when high numbers of infants do not attend
repeat screening. In hindsight, more in-depth consideration about factors influencing low at-
tendance rates would have been advantageous.

For neonates admitted to NICU a sequence of aABR-aABR was chosen to enable detection
of auditory neuropathy. Neonates who had a “fail” outcome after the final screen were referred
to the ENT department of the TUHC for diagnostic assessment.

To ensure maximum attendance and minimal costs for the first screen, tests were performed
in the maternity hospital immediately before discharge. When a “fail” outcome was obtained
for one or both ears, a repeat screen was scheduled, after the result of the test was explained to
the parents. Within the current programme, infants who lived outside Tirana were not tracked.
When parents did not attend repeat screening, they were contacted by the screeners by tele-
phone. When required, the second screen took place in the maternity hospital approximately
two weeks after the first screen and the third screen took place in the maternity hospital
approximately one week after the second screen. As with WB, the first screen for NICU infants
took place before they left the maternity hospital. Parents who lived outside the Tirana area
were given the possibility to return for repeat screening in Tirana, however, these parents were

not actively reminded. These infants may have been followed up elsewhere.
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Screening location and devices

A room was prepared in all maternity hospitals exclusively for hearing screening. A small bed
for the neonates was installed as well as screening devices with consumables and a computer
with internet connection to upload all screening data and fill out the case record form in the
database. Initial problems were that there was too much environmental noise and some screen-
ing rooms were too cold for the neonates. No constructional acoustical improvements could be
made in any of the maternity hospitals. Therefore, a room was chosen in a quieter part of the
maternity hospital and measures were taken to improve screening conditions. Broken doors and
windows were replaced to diminish environmental noise and electric heaters were installed to
make infants more comfortable during winter months.

Nine Natus Echo-Screen III devices were obtained to perform OAE testing. These devices
were distributed between the maternity hospitals in Tirana and Pogradec and the university
hospital. Six Interacoustics Titan ABRIS devices to perform aABR testing were obtained for
all maternity hospitals. Equipment to perform these tests is calibrated and validated regularly by

the supplier to ensure sensitivity and specificity.

Screening personnel and training

Both teams in Tirana consisted of six screeners and an administrator. The local administrators
were in charge of organising the screening programme. They made sure sufficient consumables
such as probe tips and electrodes were available. Furthermore, the strategy used to track all
infants depended mainly on the local administrator organising the follow up. In Pogradec, four
nurses and one administrator took care of screening. The Kukés team consisted of four screen-
ers who alternated shifts to ensure there was always someone present to perform the screening.

The screeners who participated in the project were paid approximately €150 per month by
the study in addition to their salary, €400-500 on average. Screening as well as administration
took place in overtime. All staff members selected to perform screening attended the training
courses and passed the assessment. Screeners were supervised during the first screens and were

only allowed to screen independently after they became sufficiently skilful.

Information for parents of screened children

Before the screening test was done, parents were informed about how the hearing screening test
works and were able to ask questions before giving written informed consent. After screening,
the result was explained. When the infant got a “fail” outcome for the screening test, screeners
made an appointment for the next screen one or two weeks later in the maternity hospital.
Most parents were interested in participating in screening when asked to participate in the
maternity hospital. Only a few parents declined screening based on their belief that their child
could hear or that the test might hurt their child. Screeners reported that the better parents
were informed about the project, the less they declined. This is consistent with the wider

literature [36, 37].
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On-site observations

Albania was visited four times by the authors (AB, HH, AG): during the preparation phase,
when screening had just started, a few months after screening had started and after one year of
screening. Questionnaires were distributed to observe the implementation and to determine
the adoption of the programme. During the first two visits and during the last visit all maternity
hospitals were visited. During the intermediate visit only the two maternity hospitals in Tirana
were visited. Screeners were interviewed. They expressed their ideas and concerns about the
programme. Only a few interviews with parents were conducted, because the language barrier
prevented an in-depth conversation and translators were not always available. A follow up visit
will be made again after 24 months of screening.

During the first months of the screening programme, equipment failures such as malfunc-
tioning OAE devices and broken OAE probes disturbed the screening process. The broken
probes and devices were sent back to the manufacturer for replacement but it took several
weeks for the equipment to be repaired. This did not delay screening since back-up screening
devices were available. Steps were taken to ensure more care when handling the probes and
transporting the devices.

Initially, it was difficult for the screeners to place the probe and make sure all conditions
were right for screening. Many tests were paused and restarted when screeners experienced
difficulties placing the probe, when the probe fell out of the infants’ ear, the probe got ob-
structed or when the infant was restless during the test. Initially “fail” outcomes occurred often
when screeners had not yet gained sufficient experience in screening. These problems resulted
in high failure rates (50-80%) for the first screen. In Pogradec, 78% of infants were referred for
repeat screening in the first month. For most maternity hospitals the failure rates for the first
screen decreased to less than 10% after eight months. The more neonates were being screened,

the better the test seemed to be executed and the lower the failure rate was (Fig. 2).
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Figure 2. Pass rate of the first screen for each maternity hospital per month.
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Differences were noted between the two maternity hospitals in Tirana. The number of
infants born in MB was 1.74 times higher than in KG while the number of screeners was the
same. This resulted in different outcomes. In KG, screening was organised in a more efficient

way resulting in a lower referral rate and less infants not attending repeat screening.

Screening outcome

All infants born in one of the four maternity hospitals involved in the study were eligible
for screening. In 2018, 9583 infants were born in the Tirana province, 1634 in the Korce
province, in which Pogradec is located, and 952 in the Kukés province [15]. In the participating
maternity hospitals, a total of 11,507 eligible infants were born. In principle, all infants were
invited to participate in screening. For 11,430 infants a record was made in de database but
for 486 infants no result of screening was registered. Out of the 10,944 remaining infants, 19
did not participate in the first screen because parents refused screening (7), the infants died
(8), or the infant was discharged before screening could be performed (4). Out of all infants
who participated in the first screen, an additional 392 (3.4%) did not reach screen completion.
Reasons given were: the infant died (21) or had other health issues (8), parents were convinced
their child could hear and did not think repeat screening was necessary (9), parents went to a
private clinic for screening (17), parents lived too far away from the location where screening
took place and were unable to return (61), parents declined screening but no further reason was
given (157) or parents did not attend without giving a reason (138).The distribution of reasons
given per maternity is shown in Table 2. In the first year, 97.28% of infants completed screening
within the first month after birth.

Of the 10,925 (94.9%) infants participating in the first screen, 1115 (10.2%) infants had a
“fail” outcome. Six were referred to Tirana for diagnostic assessment and all 1109 remaining
infants were invited for the second screen. Out of the 1109 infants invited, 361 (32.6%) did not
participate of whom 124 did not provide a reason. The remaining 748 (67.4%) were screened
in the second screen, 90 (12%) of whom received a “fail” outcome. Out of these 90 infants, ten
were referred to Tirana for diagnostic assessment and 31 did not participate in the third screen,
of which 14 did not provided a reason. Forty-nine infants participated in the third screen. A
total of 33 (0.30%) infants were referred for full diagnostic assessment in Tirana (Fig. 3). The
low referral rate in general and the low referral rates for each screener were looked at in more
detail during the second year of screening. Results from the diagnostic assessment will be
reported after the implementation study has ended in December 2019.

Despite the use of a different protocol, the proportion of infants referred in the Kukés
maternity hospital was much higher than should be anticipated [40]. This implies that further
training may be needed. This inconsistency has given rise to more in-depth exploration of the

situation in Kukés and what is required to maintain screener quality.
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Assessment of screening implementation

Acceptability and adoption by the screeners were assessed by means of the questionnaire. Nine-
teen of the twenty-one screeners returned a completed questionnaire at the start of the screen-
ing programme. The questionnaire identified a positive attitude from the screeners towards the
programme. They indicated their belief screening should be provided to all Albanian citizens.
Screeners feel confident and able to participate in the programme, they were ready to take on
extra screening tasks because they strongly believed in this screening programme. They found
the training course to be very informative but would like to have more follow up training.
After 12 months the questionnaire was distributed again and all twenty-one screeners
returned a filled-out questionnaire. The answers provided by the screeners after one year of
screening were similar to the previous questionnaire in relation to attitudes and general feelings
towards hearing screening. After one year, the screeners felt more confident, did not have to
spend as much time preparing for screening and considered screening to be an obvious part of
their daily work. Screeners spent more time on informing the parents about hearing screening
and noticed parents understood the aim of the screening programme better because of their
explanation. The screeners indicated their interest in expanding their knowledge on hearing

and screening. The questionnaire will be filled out again after 24 months of screening.

DISCUSSION

In the first year of implementation of a NHS programme in four maternity hospitals in urban
and rural areas in Albania, both the uptake by the screeners and the acceptance by the parents
for the first screen was good. Screeners were keen to improve their skills in screening and
considered NHS valuable for Albanian health care. The number of “fail” outcomes - the test
could not be performed or the threshold was not reached - on the first screen was high in
the beginning but decreased to less than 10% after eight months. Devices and probes initially
broke often. However, after a “fail” outcome of the first screen, a high number of infants did
not attend the second (32.4%) and third (34.4%) screen, thereby forming the most important
obstacle for implementation of NHS in Albania. Possible reasons for not attending the second
screen were: not enough information given to parents, administrative problems such as incor-
rect contact information and the parents could not be reminded of repeat screening, follow up
examination took place at another location, the health condition of the infant, parents assumed
their infant could hear, travel distances, time between rescreens and costs.

The first screen had high acceptance (94.9%), comparable to acceptance rates in Turkey [6],
Italy [41], Poland [42] and Greece [43]. However, 32.4% of infants with a “fail” outcome in the
first screen did not attend the second screen for all four maternity hospitals. Non-attendance
was especially high in the MG maternity hospital in Tirana and in the maternity hospital in
Kukés. For all maternity hospitals together, 34.4% of the infants with a “fail” outcome in the
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second screen did not attend the third screen. In retrospect, planning all screening steps before
discharge, reducing the time between screening steps or choosing a protocol with fewer steps
may have prevented these high non-attendance rates.

The aABR-aABR protocol in Kukés resulted in a lower proportion of “fail” outcomes com-
pared to Pogradec, similarly rural but less mountainous and more afluent. This may indicate
that the use of a two-step aABR protocol has a higher specificity and reduces the number of
“fail” outcomes. The proportion of infants that did not attend the second screen was, however,
similar to results found in the other maternity hospitals. The advantage of better specificity for
aABR screening may be offset by larger travel times in mountainous areas.

High non-attendance rates were previously found in newly implemented NHS programmes
in Italy (29.9% for the second screen) [44], Nigeria (43.1% for the second screen) [45] in Turkey
(30%) [46] and in Shanghai (34.32% for the second screen) [11]. Other newly implemented
NHS programmes have reported non-attendance rates that are much lower as for example
0.2-0.4% in France [2,7] 4.23% in Iran [10] and 6% in the Netherlands [12]. Three studies
previously reported that non-attendance reduced when experience in screening was gained.
In Greece non-attendance reduced from 72.2% to 58.2% after three years of screening. In
Colorado 52% of infants did not attend repeat screening between 1992 and 1996 compared
to 24% in 1999 [43, 47]. More recently, a non-attendance rate of 19% was reported for infants
born in Colorado in 2005 and 18% for WB born between 2007 and 2012 [48]. Similar rates of
non-attendance have been reported for referral to diagnostic assessment. During the early phase
of the UK implementation the target of diagnostics within four weeks of screen completing
was not met in 60% of cases. However, after seven years this improved to 17.5% [4].

Acceptance is usually high when the first screen is performed in the maternity hospital
before discharge. In contrast to the first screen, attendance to repeat screens may be much
lower when parents have to overcome practical problems such as larger travel distances and
costs [3, 11, 12, 25, 46]. Other reasons for non-attendance described in previous research were
also similar to reasons given by parents and screeners in Albania: parents did not understand the
importance of screening [49], negative attitudes and lack of awareness in parents or screeners
[25, 43], programme organisation [43], cultural reasons [26] and type of health insurance [50].
Another possible explanation may be that parents did not receive an invitation for repeat
screening after their infant received a “fail” outcome or that the health condition of the infant
did not allow for screening to be performed yet. In the Netherlands, attendance was found to
be higher when NHS was combined with other health care measures thereby also improving
the cost-effectiveness of NHS [12]. In developing countries mothers often do not give birth
in regular maternity hospitals [45], and screening in combination with other mother or infant
health care services has proven to be more efficient in these countries [45,51]. Similarly, when
NHS is organised within an existing maternal and infant health programme and the profes-
sionals involved are more successful in explaining the importance to the parents, the number

of infants not attending is reduced [2]. To further reduce the number of non-attendants in
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Albania, the number of screening steps may be reduced or repeat screening may be combined
with existing maternal or infant health care services such as vaccination. When NHS will be
implemented in the whole of Albania, multiple screening locations will be set up across the
country so parents do not have to travel as far.

In previous implementation studies results indicated that parental awareness is very important
to increase the acceptance of screening [36, 37, 45, 52]. Therefore, the local study coordinator
(BQ) developed leaflets and informative videos that were played in hospital waiting rooms to
inform parents. Furthermore, she appeared in several national television and radio shows to
explain the importance of NHS.The efforts made to inform parents improved their willingness
to participate.

The number of “fail” test results in Albania was high initially. This may have been caused by
the early timing of screening or the inexperience in screeners. As is described by Berninger
and Westling (2011)[30],amniotic fluid that is present in the neonates’ middle ear in the first
days of life may cause increased failure rates when performing OAE screening before the third
post-natal day. Despite the fact that a more optimal timing for the first screen may be five days
after birth [30], most NHS programmes perform the first screen in the maternity hospital
before discharge because high attendance can be achieved. A number of experienced screening
programmes (in the UK, USA and Italy) have reported low repeat rates despite screening
within 48 h after birth [4, 41, 42]. Lack of experience with screening may have contributed
to high screening repeat rates in Albania, in areas with low birth numbers like Pogradec and
Kukés in particular.

Out of 10,925 infants that participated in the first screen, 411 (3.8%) did not complete
screening and for 486, no results were registered. This may be an issue with database records
not being completed. The proportion of infants that did not reach screen completion was 4.8%
in MG, 2.1% in KG, 5.3% in Pogradec and 2.8% in Kukés. Only 33 infants of the 10,925 who
started screening were referred for a full diagnostic assessment. The outcomes of the screening
programme show that more than 95% of eligible infants were covered and lessthan4% of infants
were referred, according to the JCIH recommendations. Low referral rates to full diagnostic
assessment may be associated with a high number of false positives (for example due to multiple
screens within one step), high numbers of infants lost to follow up and high-quality screening
resulting in very low repeat rates between steps. The referral rates for each screener revealed
that a number of screeners did not refer any infants. Screeners may choose to repeat screening
within one step to be able to give good news to the infants’ parents. This is an issue that may
be addressed in further training. Both the high number of infants that did not reach screen
completion and the low number of infants referred to diagnostic assessment remain areas of
concern. These issues will be followed up in the second year of screening. Low referral rates
to diagnostic assessment were previously found in Turkey (0.01%) [6], France (0.2%) [7] and
China (0.8%) [3]. The number of infants lost to follow up varied between studies: Caluraud et

al. (2015) [7] reported 0.2% for both screening steps while 10% was reported for the same num-
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ber of steps by Chen et al. (2017) [3]. Infants lost to follow up were not reported by Bolat et
al. [6]. Another difference found was the protocol used in these studies. In the study performed
by Caluraud et al. (2015) [7], aABR is used in the first step, Bolat et al. [6] uses aABR only in
the second step and Chen et al. (2017) [3] does not use aABR in any of the screening steps.

Based on what we have learned from the first year of implementation, both the successes
and the continuing challenges, an implementation plan is being developed to extend NHS
to the whole country. This plan will take into account the areas in which the programme is
still experiencing difficulties. It will combine current experiences with the experiences from
previous implementation, that still need to be addressed such as the number of infants that do
not complete screening.

In a country where previous implementations of NHS were not continued because NHS
was not considered a priority at that time, significant successes were achieved in the number
of infants reached in the first screen, improving the awareness in parents and developing a care
pathway. However, the number of infants that do not attend repeat screening and consequently,
the number of infants that does not completescreeningremainstoohigh. Thisissuewillbefurther-
exploredand addressed in the second year of screening and in the plan for nationwide imple-
mentation. Additionally, information gathered during this implementation study will be fed

back into the model to improve its prediction for a nationwide NHS programme in Albania.
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ABSTRACT

Objectives

Newborn hearing screening was implemented in Albania in two maternity hospitals in rural
provinces and two maternity hospitals in the urban province of Tirana in 2018 and 2019.
Implementation outcome, screening outcome and screening quality measures were evaluated
to determine barriers and facilitators relevant to the screening programme implemented in

Albania.

Methods

Infants were first screened before discharge from the maternity hospital with a 3-step OAE-
OAE-aABR protocol or a 2-step aABR-aABR protocol, by midwifes and nurses who were
trained to perform screening with OAE and aABR. Acceptability, appropriateness, feasibility,
adoption, fidelity, coverage, attendance, stepwise and final referral rate were studied by on-site
observations in maternity hospitals, by interviews with screeners, parents and supervisors, by
questionnaires for screeners and parents, and with a database comprising all infants participating
in the study. A post-hoc analysis was performed to identify reasons for loss to follow-up (LTFU)

in a multivariate logistic regression.

Results

In 2018 and 2019, 22,818 infants were born of which 22,051 (96.6%) were first screened. In
the first screening step, 1,559 (7.1%) infants received a fail outcome, including 13 who were
referred to diagnostic assessment. Out of 1,546 infants invited for the second screening step,
519 (33.6%) did not attend, 146 (14.2%) received a second fail outcome and 42 were referred
for diagnostic assessment. Out of 104 infants invited for the third screening step, 42 (40.4%)
did not attend, 26 (25%) received a third fail outcome and 39 were referred for diagnostic
assessment. Out of 81 infants referred for diagnostic assessment, 29 (35.8%) did not attend and
22 (0.1%) were diagnosed with hearing loss (HL) of 240dB, six unilateral. Acceptance of NHS
by parents and screeners was high. Adoption of NHS by screeners was good and organisation
of screening and screening skill improved throughout the implementation. Some screeners
repeated the test multiple times to obtain a pass result. Excessive workload in the largest urban
maternity hospital led to high LTFU rates. Travel duration from family home to maternity
hospital was a significant predictor of LTFU.

Conclusions

Newborn hearing screening was successfully implemented in four maternity hospitals in Alba-
nia and was considered feasible in both rural and urban provinces. NHS performed by nurses
and midwifes before discharge from the maternity hospitals worked very well. Initial screening

coverage was high. However, LTFU was 33.6% to the second screening step, 40% to the third
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screening step and 35.8% to diagnostic assessment. It is imperative that a good database is in
place to supervise the screeners and track infants through screening, diagnostic assessment and

intervention.
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INTRODUCTION

Newborn hearing screening (NHS) programmes have been successfully implemented in coun-
tries across the world to detect infants with a hearing loss and to provide them with subsequent
intervention. These programmes seem to be lacking more often in countries with lower health
expenditure and human development index [1, 2]. Without an effective NHS programme in
place, children with a hearing loss (HL) remain undetected until delays in speech and lan-
guage development are noticed by observant caregivers [3]. Children with a HL that remains
untreated during early childhood can experience delays in speech and language development
which can affect academic performances and social development [4, 5].

Albania has a total area of 28,748 km?2 and a population of 2,845,955 inhabitants [6]. Almost
40% of the Albanian population lives in rural areas [7]. Each year, nearly 30.000 infants are
born in Albania [8], of which 1 to 3 out of every 1000 infants may be born with a permanent
sensorineural HL >40dB [9-11]. Two previous attempts were made to implement NHS in
Albania. In the first study, by Hatzopoulos et al (2007) [12], 40% of well babies (WB) and 53%
of infants admitted to the neonatal intensive care unit (NICU) did not follow up after a referral
from screening. In total, 0.18% of the NICU infants were diagnosed with a HI. In the second
study, by Beqiri and Nika (2015) [13], only 1.6% of the infants did not follow up with screening
or diagnostic assessment and 0.21% of all infants were diagnosed with a HI. Both screening
programmes were not continued after the end of the project.

In most countries, NHS is performed immediately after birth and the first screening step
is usually performed before discharge from the maternity hospital. The average length of stay
in the maternity hospital in Europe is 3.1 days after giving birth (range: 1.5-4.9 days) [14].
Screening before discharge ensures high coverage, but residual fluid and debris in the ear after
birth may cause some infants to receive a false fail outcome after the first screen [15, 16].

A high proportion of infants lost to follow-up (LTFU) is a serious obstacle for successful
implementation of NHS. It was reported to be even more challenging in developing countries
[17]. Reasons for LTFU between screening steps include travel times and costs, parental edu-
cational level, parental awareness, organisation of NHS, religion, ethnicity, premature birth, low
birth weight, APGAR score, and NICU admission [12, 18-22].To minimise the proportion of’
infants LTFU, parents, screeners and hospital staff were better informed about the consequences
of a newborn HL which improved their attitudes towards NHS [20, 23]. Low LTFU was found
among a well organised national NHS programme with clear protocols [24] and programmes
that offered rescreening at local mother-child health centres [25]. In addition to LTFU, referral
rates were reported to be higher after the first screen when NHS was just implemented. It
decreased when screeners gained more experience [20, 26, 27]. Efforts made to lower referral
rates included repeating the test multiple times [20], screening at a later age, and additional

training for screeners [26].



Implementation of newborn hearing screening in Albania

Within the EUSCREEN study the cost-effectiveness of paediatric vision and hearing
screening programmes are being compared in Europe and beyond. A cost-effectiveness model
is being developed to compare the cost-effectiveness of hearing screening programmes across
borders. It can assist in the introduction and modification of or disinvestment from screening
programmes in countries or regions while taking local circumstances into account such as
demography and geography [28]. Alongside the development of the model, NHS was imple-
mented in four maternity hospitals in Albania during 2018 and 2019 [29]. The outcomes of
previous implementation studies in Albania were considered, and the Albanian government was
consulted regarding the continuation of NHS and nationwide implementation.

Data were collected from the Albanian experience with implementation of an NHS pro-
gramme as part of the EUSCREEN project. NHS was implemented in two maternity hospitals
in two rural provinces and two maternity hospitals in the urban province of Tirana in Albania
between January 1st, 2018 and December 31st, 2019. Experiences with the implementation of
NHS were described as well as feasibility of NHS in both rural and urban provinces. Imple-
mentation outcomes and screening quality measures were evaluated to determine facilitators

and barriers for implementation of NHS in Albania.

METHODS

Preparation and screening protocol

NHS was implemented in Albania in four maternity hospitals. Two maternity hospitals were
situated in Tirana: Mbretéresha Geraldine (MG) and Ko¢o Gliozheni (KG), one in Pogradec
and one in Kukés (Figure 1). The maternity hospitals were located in three different prov-
inces that were chosen because they appropriately represented the distribution of the Albanian
population. They include both rural and urban areas and covered a range of socio-economic
circumstances. A total of 9,583 infants were born in 2018 and 9,321 in 2019 in the Tirana prov-
ince; 1,634 in 2018 and 1,750 in 2019 in the Korge province (where Pogradec is located); and
952 in 2018 and 1,103 in 2019 in the Kukés province [30]. Within the current observational
study, all infants born in one of the four maternity hospitals during the time of implementation
(2018-2019) were eligible for screening.

Implementation was organised, coordinated and facilitated by a local internal programme
lead (BQ). During the preparatory phase the programme lead made arrangements with the
maternity hospitals. She acquired the screening devices, provided equipment to prepare a
screening room and hired screeners. Before and during the preparations, the programme lead
explored possibilities to expand screening to nationwide reach. The screening protocol and
the objectives for the NHS programme that was implemented in Albania were described in

detail before implementation started [29]. The protocol also included details on screening or-
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ganisation, the professionals invited to perform screening, screener training, screening location,

screening devices and possible expansion of the programme country-wide.

Figure 1. Map of Albania. @ marks the four maternity hospitals: two in Tirana, one in Pogradec and one in
Kukés. The striped area marks the region around each maternity hospital within a travel time of 30 min by car.

The grey area marks the region around each maternity hospital within a travel time of 60 min by car.
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Written informed consent was sought from parents before screening. Screening was per-
formed in the maternity hospital by nurses who were selected by the head of the maternity
hospital or NICU department and who had been trained to perform screening. Parents were
informed through leaflets, posters, informational videos on television screens in the maternity
hospital and interviews on national television and radio.

The first screening step took place before discharge from the maternity hospital because the
majority of infants are born in a maternity hospital in Albania [31]. Most infants are discharged
within 24 hours after birth. Infants stayed in the maternity hospital longer when they were
born by caesarean section or when complications in either the mother or the infant occurred.
Infants who received a fail outcome for the first screening step had to return to the maternity
hospital for subsequent screening steps. When applicable, the second screening step was sched-
uled two weeks after the first screening step and the third screening step was scheduled two
weeks after the second screening step. All healthy infants (well babies; WB) who were born in
Tirana and all infants born in Pogradec were screened with a three-step OAE-OAE-aABR
protocol. All infants born in Kukés were screened using a two-step aABR-aABR to limit the
number of follow-up screens and thus limit the expected LTFU rate caused by long travel times
for parents [28]. Infants admitted to the NICU in one of the maternity hospitals in Tirana, were
screened using a two-step aABR-aABR to also detect retrocochlear HI [29]. Parents were
reminded of these appointments by a telephone call. Infants who did not receive a pass result
on completion of screening were sent to Tirana for diagnostic audiological assessment and
subsequent intervention. This took place at the Tirana University Hospital Centre (TUHC) or
Child Centre for Rehabilitation (CCR).

Organisational changes made to improve follow-up in 2019
based on experiences in 2018

The main problem that was experienced during the first year of screening was the high number
of infants that did not attend follow-up screening [29]. Consequently, a high number of infants
who failed the first screen did not complete the entire screening protocol. Based on observa-
tions made in the first year, some changes were made to increase follow-up in the second
year. All infants with a fail outcome on the first screen received an appointment to return for
follow-up screening two weeks later. Screeners emphasised the importance of this follow-up
screening and possible effects for the infant. Parents were reminded to return for follow-up
screening by a telephone call a few days before the appointment.

Small changes were made in the teams that conducted screening. In the MG maternity
hospital, screeners had to deal with a high workload. One screener, who resigned, was replaced
by two new screeners to manage the high number of infants born each day. In Pogradec only a
small number of infants were screened using aABR so one screener was put in charge of aABR
screening to provide consistent screening quality. After the first training course, two refresher

courses were organised. During these refresher courses, the screeners could share experiences
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and ask each other for help with the difficulties they encountered. The screeners kept in contact
with each other throughout the two years of implementation. They continued to share experi-

ences and ask questions through phone calls and text messages.

Database with screening outcome

Screeners filled out infant data and the anonymised results of screening of each infant on a
paper form.Additionally, the screeners administered a socio-economic questionnaire (described
previously [32]). The forms were transferred to a secure digital database. Each screener had their
own username and password. They were responsible for uploading the information for each
screening step of all the infants they screened. All eligible infants received an anonymised code
in the database. Each maternity also kept a register of all the infants that was designed by the
head nurse in collaboration with the screeners. The data that were recorded included date of
birth, the date on which screening took place, location, admission to NICU, possible medical
factors and the outcome of screening. The database was checked for inconsistencies, obvious
mistakes such as typing errors were corrected.

From this database, the following screening quality measures were calculated for eligible
infants in the study for each maternity hospital and for each screener: coverage, attendance,
stepwise and final referral rates (Table 1). Attendance rates were calculated for each screening
step. Infants for whom no follow-up screening was registered were considered LTFU. Infants
who were registered as LTFU were phoned by the local screening team to record reasons for
LTFU.The database was compared to the local register in each maternity hospital to assess and
improve accuracy. The screening data that were uploaded in the database, could be accessed by
the local programme lead (BQ) who also performed most of the diagnostic assessments. LTFU

was analysed in more detail in a post-hoc analysis of the screening data collected in the database.

Outcomes from implementation of the screening programme

To evaluate the barriers and facilitators of NHS implementation in Albania, implementation
outcomes were evaluated, defined in Table 1 based on framework by Proctor et al. [33]. Within
this implementation study, the acceptability, appropriateness, feasibility, adoption and fidelity
of NHS were evaluated in Albania [33, 34]. Stakeholders are defined as parents of the infants
eligible for screening, screeners, audiologists, doctors, rehabilitation workers and policy makers.
These outcomes were evaluated using observations of screening during on-site visits, inter-
views with screeners and parents, screener questionnaires, a socio-economic questionnaire for
the parents, screening outcome data collected through the database and follow-up phone calls

with parents of infants LTFU.

On-site visits and screening observations
Three authors (BQ, ET, ER) organised and facilitated the local NHS programme.Three authors

(AB, AG, HH) visited Albania a total of five times for on-site visits and screening observa-



Table 1. Implementation outcomes and screening quality measures that were used to evaluate barriers and

facilitators relevant to the screening programme implemented in Albania, their definition and operationalisation

for Albania [33].

Implementation of newborn hearing screening in Albania

Implementation Definition Operationalisation
outcomes
Acceptability The extent to which the programme  How important do screeners, parents, doctors, audiologists,
is considered agreeable, palatable healthcare administrators and policymakers think NHS is _for
or satisfactory by staff or other Albania?
stakeholders.
Appropriateness  The perceived fit and relevance for Is NHS relevant in current healthcare in Albania when
stakeholders and the setting in which  compared to other healthcare priorities?
it is implemented. Is audiological diagnostic assessment and intervention available
to all infants screened positively or referred?
Feasibility The extent to which it can be Can NHS be practiced successfully in maternity hospitals by
successfully used or carried out nurses and midwifes?
within a given setting, its practicality.
Adoption The intention of the stakeholders to  How many parents of infants invited for screening agreed to
participate in the programme. participate in the programme? Did screeners integrate NHS in
their daily routine? How important are infants with a HL for
the screeners? Do screeners want to put in more effort to detect
infants with a HL by extending their knowledge and skills?
Did screeners change their attitude towards NHS?
Fidelity The extent to which the agreements  Was screening carried out as prescribed in the screening
and prescribed protocols were protocol? How was the screening programme monitored/
followed during the implementation.  supervised? How accurate was administration performed?
Were all infants invited and did all infants attend follow-up
screening in subsequent screening steps?
Coverage The proportion of eligible infants What proportion of eligible infants has been screened as
invited for screening. intended during the implementation?
Attendance The proportion of the invited infants  How many infants attended the first screening step and

Stepwise referral
rate

Final referval rate
to diagnostics

that have been screened.

The proportion of screened infants
that were referred to the next step
after a fail outcome.

The proportion of screened infants
that were referred to diagnostic
assessment after a fail outcome.

subsequent screening steps after having been invited?

What proportion of eligible infants was referred for follow-up
screening to the second and third screening step after a fail
outcome?

What proportion of eligible infants was referred for diagnostic
assessment?

tions. These visits took place before, during and at the end of implementation. The maternity
hospitals were visited to observe the screeners, to evaluate their screening skills and to inspect
the devices. Additionally, the diagnostic assessment and intervention clinics were visited before
and during implementation. Based on the observations made during the first year of screening,

some changes were made to improve screening outcome in the second year. During these visits,

screeners and parents were interviewed and the screening questionnaires were distributed.
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Interviews with screeners and parents

All screeners who were available at the time of the on-site visit were interviewed. During
the interviews, screeners were asked about their experiences with the screening protocol, the
devices, the database and their interactions with the parents. They were asked to estimate refer-
ral and follow-up rates in their maternity hospital and screeners expressed their ideas about
continuation of the programme. A few interviews were conducted with parents who were
present in the maternity hospital at the time of the visit after consent for the interview was
obtained. They were asked how they experienced screening and how they were informed
about the screening programme. The number of available screeners and parents varied between

maternity hospitals and between visits.

Questionnaire for screeners and parents

All screeners received a questionnaire containing 155 multiple choice questions, covering seven
domains: general information, attitudes of the screener towards hearing screening, hearing loss,
parents of infants screened and subcultures, individual features of the screener and additional
questions. The questionnaire was distributed three times: during the on-site visits at the begin-
ning of screening, after one year and at the end of the second year. The answers were compiled
and compared across screeners, maternities and the time when the questionnaire was filled
out. Screeners conducted a short questionnaire among parents that contained 13 questions on
socio-demographic and socio-economic subjects. Answers were collected in the study database

and used in the post-hoc analysis to identify reasons for LTFU.

Post-hoc analysis of the database to identify reasons for LTFU

To get more insight into possible reasons for LTFU, a post-hoc analysis was performed based on
infant screening outcome registered in the database. The outcome variable was LTFU between
screening steps 1 and 2 (yes/no).

Infants and their families have individual characteristics that may predict their likelihood
to be LTFU. Infants are grouped by screener, and screener characteristics may also influence
whether infants are LTFU. Two levels of analysis were thus considered, the individual level and
the screener level. At the individual level, the predictor variables applied to either the mother/
family or to the infant. Some maternal/family variables were collected through the socio-
economic questionnaire, and these variables included the family’s economic status (5-point
scale: very bad to very good), the mother’s overall health status (5-point scale: very bad to very
good) and the mother’s age. Other family variables were the location of the family’s home as
reported by the parents (urban or rural) and the duration of time needed to travel from the
family’s home to the screening facility (in hours) calculated through a spatial analysis. Infant
variables were registered in the database by the screeners and included the year of birth (2018
or 2019), the gender, the duration of pregnancy (in weeks), the number of risk factors for HL

(zero or at least one), and whether the infant failed screening in one or both ears.
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At the screener level, the predictor variables were the protocol used by the screener, the total
number of infants screened, and the referral rate for each screener. Additionally, a median odds
ratio was calculated to translate the variance of the screener into an interpretable odds ratio,
which describes the increase in likelihood of being LTFU if screened by a screener with an

overall higher LTFU rate [35].

Geocoding travel time

To maintain anonymity, exact residential addresses were not obtained from the family apart
from their hometown. A total of 392 hometowns were listed in the database, out of which
95 hometowns were listed among infants who were referred from screening step 1. The
geographic information system (GIS) software QGIS v. 3.14 was used for geocoding and to
perform the spatial analysis. All hometowns and four screening institutions were geocoded to
spatial coordinates (x,y). Fastest travel time by car in hours was calculated from each family’s
hometown to their respective screening institution using the Open Route Service plugin

function for road network analyses.

Analysis
To investigate the variables that significantly predict which infants will be LTFU between
screening steps 1 and 2, a hierarchical multivariate logistic regression analysis was performed in
SPSS (v.27).This type of analysis is most appropriate to perform when individuals are grouped
by another factor, such as screener. Using this approach, the variance between screeners can
also be considered within the analysis. The final model contains the variables that best predict
which infants are LTFU between screening steps 1 and 2 at a significance level less than 0.05.

To select the variables for inclusion in the multivariate logistic regression analysis, univariate
analyses using likelihood ratios were performed for each predictor variable. Predictor vari-
ables with a significance level less than 0.1 in the univariate analysis were accepted into the
multivariate model. Categorical variables with more than two categories were dummy coded.
Categories were merged in two instances of quasi-complete separation of categorical variables
due to the low number of infants in each group. The categories of very bad and bad were
merged for the variables mother’s economic situation (n=2 and n=9) and health status (n=3
and n=125).

Infants were excluded from the analysis if they passed screening (i.e., not required to attend
rescreening) or if they referred from screening directly for a diagnostic assessment. Missing

covariate data were imputed using multiple imputation with chained equations.
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RESULTS

During 2018-2019, NHS was implemented in four maternity hospitals in Albania using OAE-
OAE-aABR or aABR-aABR. In the results of this study, screening outcome is described for
all infants who participated in screening. Furthermore, this study reports on the outcomes from

implementation and investigates possible reasons for LTFU.

Screening outcome

The results of screening are reported based on data obtained through the study database. Several
issues occurred with the registration of screening outcome in the database, some were caused
by technical problems such as duplicate files and others were caused by mistakes that were
made when filling out the database forms. For example, for some infants, no follow-up screen
was registered, while parents indicated to have attended this screen. Some screeners indicated
to not complete the database when parents did not attend the follow-up appointment after
two weeks but returned for screening at another time. All infants with a ‘ail outcome in the
first or second screening step for whom no follow-up screen was registered in the second or
third screening step were considered LTFU. The database was checked for inconsistencies and
obvious mistakes were corrected.

Because it was unclear which infants had been admitted to the NICU based on information
collected through the database, data are reported for all infants, both WB and infants admitted
to the NICU, combined. All 22,818 infants born were invited for screening and 22,051 infants
participated in the first screening step. Coverage in the first screening step (96.6%) was high
throughout the two years of implementation (Figure 2). Out of the infants who participated
in the first screen, 21,490 (97.5%) infants completed the entire screening protocol. Sixty-one
percent of all infants who received a fail outcome after the first screening step were LTFU. Of
the infants screened in the first screening step, 7.2% were referred to the second screening step;
14.2% of the infants screened in the second screening step were referred to the third screening
step and 40% of the infants screened in the third screening step were referred to diagnostic
assessment. LTFU was 33.6% between the first and second screening step and 40% between
the second and third screening step. Of the 81 infants who were referred for a diagnostic as-
sessment, 52 attended. Twenty-two infants (0.1% of the total population) were diagnosed with
a HL of 40 dB or greater, of which 6 had a unilateral HI.

In the first screening step parents of 28 infants declined, 519 infants were LTFU to the second
screening step and 42 to the third screening step. Reasons for not attending a screening step
were registered in the database. They include health issues (11), the infant died (24), the infant
was discharged before screening took place (2), the infant was screened in another location (21),
travel distance (88), economic reasons (5), parental refusal (147, of which 39 parents believed
their infant could hear), parents could not be contacted (47) and for a number of infants this

reason remained unknown (244). Parents who had not attended screening without providing a
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reason (unknown category) were phoned. In addition to reasons listed above, reasons provided
during these telephone calls were: religious reasons, not understanding the purpose of the
screening programme, no contact information, parents moved away, parents said they were not
invited for screening or that no screening staff were present in the hospital when they brought

their infant for screening.

Outcomes from implementation of the screening programme

Results for each implementation outcome measure are summarised in Table 2. NHS in Albania
was considered acceptable. Both parents and screeners considered NHS to be important and
wanted to participate in the programme. Despite having experienced several difficulties while
setting up NHS, screeners reported that NHS was important, that it was suitable for Albania.
NHS was considered appropriate because it could be implemented within the existing or-
ganisation of neonatal preventive healthcare in Albania. Audiological diagnostic assessment was
made available for all infants who failed screening and early intervention for all infants who
were diagnosed with HL.

It was feasible to employ nurses and midwifes to screen infants before discharge from the
maternity hospital. However, it was more difficult to find a quiet room to perform screening
in the MG hospital.

Adoption was good, all nurses who were invited to participate in the screener training agreed
and all performed screening. Observations of the screeners showed that organisation of screen-
ing and individual screening skills improved throughout the two year of implementation.

Regarding fidelity, most screeners kept to the screening protocol; however, some screeners
repeated the test multiple times during a step to obtain a pass result. The protocol prescribed
that the test could be repeated twice after an initial fail outcome. This issue was addressed
during the yearly refresher training course and can be monitored using the database.

Finally, regarding fidelity, it was important to find the right balance in workload for the
screeners. In rural maternity hospitals the number of infants was low and experience was
gained slowly. On the other hand, mistakes were made when the workload was too high,
resulting in a higher LTFU rate. After an additional screener was hired for the second year in
the MG maternity hospital, the screeners were better able to handle the workload.

It was anticipated that in Kukés and Pogradec, where population density is low, long travel
times between the home and the maternity hospital would negatively influence the parents’
willingness to return for follow-up screening. During the study it became clear that even par-
ents residing in Tirana had to travel for many hours to reach the maternity hospital, as mothers
from all over Albania give birth in Tirana, which made it very difficult for them to travel back

for screening once they have returned home. This was further explored in a post-hoc analysis.
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Follow-up rates between screeners and maternity hospitals

Over the course of two years, 22 screeners were involved in the implementation study (Table
3). Each screener screened an average of 1574 infants in the MG maternity hospital (range:
624-2620), an average of 1110 in the KG maternity hospital (range: 523-1467), an average of
206 in Pogradec (range: 182-234) and an average of 412 in Kukés (range: 298-595).The average
referral rates and LTFU varied across screeners as is displayed in Figure 3. The proportion of
infants LTFU between the first and second screening step ranged from 0% to 93%. LTFU was
highest for two screeners in the MG maternity hospital, one of whom resigned within the first
year. These two screeners accounted for 46.5% of all infants LTFU from the MG maternity

hospital.

Table 3. The number of infants registered for each screener and the outcome of screening for screening step 1:
the number of infants who failed screening, were referred to screening step 2, and the number of infants lost to
follow-up. For some infants, no screener was registered, they could not be included in the table."MG’: Mbretére-
sha Geraldine, maternity hospital in Tirana; ‘KG’: Kogo Gliozheni, maternity hospital in Tirana; LTFU’: Lost to

follow up, Infants who did not participate in screening due to various reasons.

Refer to screening

Total screened Fail screening step 1 step 2 LTFU 2
MG1 2337 128 (5.5%) 122 96 (78.7%)
MG2 693 30 (4.3%) 30 19 (63.3%)
MG3 2620 182 (6.9%) 181 35 (19.3%)
MG4 886 19 (2.1%) 19 8 (42.1%)
MG MG5 1400 63 (4.5%) 57 29 (50.9%)
MGG 624 71 (11.4%) 71 66 (93.0%)
MG7 2338 201 (8.6%) 201 63 (31.3%)
MGS 1695 64 (3.8%) 60 32 (53.3%)
KG1 523 42 (8.0%) 42 2 (4.8%)
KG2 1467 187 (12.7%) 187 43 (23.0%)
KG3 1357 31 (2.3%) 31 14 (45.2%)
KG KG4 1167 90 (7.7%) 90 22 (24.4%)
KG5 1301 85 (6.5%) 84 17 (20.2%)
KG6 1031 16 (1.6%) 14 2 (14.3%)
KG7 924 72 (7.8%) 71 9 (12.7%)
P1 234 61 (26.1%) 61 17 (27.9%)
P2 194 41 (21.1%) 41 7 (17.1%)
: P3 182 46 (25.3%) 46 8 (17.4%)
P4 215 42 (19.5%) 42 5 (11.9%)
K1 595 42 (7.1%) 40 10 (25.0%)
K K2 343 19 (5.5%) 19 0 (0%)
(

K3 298 28 (9.4%) 26 6 (23.1%)
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Figure 3. In this figure screening outcome for each of the 22 screeners in the four maternity hospitals is shown.
Proportions are given on a logarithmic scale for the first, second and third screening step. The first bar (black)
extends from the number of infants first screened by this nurse to the number of infants who passed the first
screen. The second bar (striated) extends from the number of infants that should have been screened a second
time to the number of infants that were screened a second time. The third bar (spotted) extends from the number
of infants that should have been screened a third time to the number of infants that were screened a third time.
The fourth bar (grey) represents the number of infants that should have been referred to diagnostic assessment

and the number of infants who attended diagnostic assessment.

Average referral rates across maternity hospitals were not correlated to LTFU. Although the
number of infants born in Pogradec and Kukés were similar, average referral rate was much
higher in Pogradec (24.4% of infants screened were referred to screening step 2 and 1.4% of all
infants were referred to diagnostics) than in Kukeés (7.3% of infants were referred to screening
step 2 and 0.6% of all infants were referred to diagnostics). Follow-up rates for screening step 2
were high in both Pogradec (81%) and Kukés (82%).

Post-hoc analysis of the database to identify reasons for LTFU

Out of the total of 22,051 infants screened, 1559 failed the first screening step, 13 were referred
directly to diagnostics and 1546 were referred to the second screening step. Five hundred
and nineteen infants did not follow up with the second screening step, and 1027 infants were
screened of which 881 passed and 146 failed.

Results of the univariate analyses for LTFU between screening steps 1 and 2 showed that
the following variables were significant predictors: region (urban/rural) and duration of travel
from the family home to the hospital (Table 4). These predictors were incorporated into the
hierarchical multivariate logistic regression model. Out of the 1546 infants eligible for inclu-

sion in the multivariate analysis, predictor variable data were missing for 95 infants, these data
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Table 4. Univariate and multivariate logistic regression analyses showing the individual and screener-level pre-
dictors of loss to follow-up between screening steps 1 and 2. Predictors significant at p<0.1 in the univariate
analysis were included in the multivariate analysis. Odds ratios are presented with 95% confidence intervals. The

reference category or continuous variable unit is indicated in brackets.

Variable Univariate analysis Multivariate analysis

Odds ratio (95% CI)  p-value  Odds ratio (95% CI) p-value

Individual-level predictors

Family economic status (ref:Very good) -

Good 0.81 (0.45-1.45) 0.47 -
Moderate 0.77 (0.44-1.33) 0.35 -
Bad/Very bad 0.94 (0.45-1.45) 0.87 -
Mother’s health status (ref:Very good) -
Good 1.0 (0.69-1.44) 1.0 -
Moderate 1.35 (0.80-2.28) 0.27 -
Bad/Very bad 0.97 (0.25-3.87) 0.97 -
Mother’ age (Years) 1.00 (0.98-1.03) 0.54 -
Region of family home (ref: Rural) -
Urban 0.78 (0.60-1.02) 0.07 0.89 (0.68-1.17) 0.41
Travel time (Family home to 1.62 (1.41-1.87)  <0.001 1.6 (1.39-1.86) <0.001
screening institution, hours)
Infant sex (ref: Girl) -
Boy 0.96 (0.75-1.22) 0.73 -
Screening year (ref: 2019) -
2018 1.11 (0.84-1.49) 0.45 -
Duration of pregnancy (Weeks) 0.99 (0.93-1.06) 0.80 -
Risk factors (ref:Yes) -
No 1.15 (0.74-1.79) 0.54 -
Screen 1 result (ref: Unilateral fail) -
Bilateral fail 1.05 (0.82-1.35) 0.69 -
Screener-level predictors
Test method (ref: Both OAE, aABR) -
aABR only 0.33 (0.06-1.74) 0.19 -
Infants screened (Total number) 1.00 (1.00-1.00) 0.14 -
Referral rate (%) 0.96 (0.89-1.03) 0.27 -

were imputed. In the multivariate model, region (urban/rural) was not significant (p=0.41).
The analysis did not show a significant difference in LTFU between the first and second year
of screening. The changes made after the first year of screening did not target specific screeners
with high LTFU.The only significant predictor variable was the travel duration from the family
home to the hospital (p<0.001). Infants of parents who had to travel longer were more likely
to be LTFU (odds ratio 1.61, 95% CI 1.39-1.86). For every additional minute of travel the
likelihood of LTFU for screening step 2 increased with 1%.
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Table 4. Results of the multivariate logistic regression analysis for loss to follow-up from steps 1 and 2. The
odds ratios for the two remaining significant variables in final the logistic regression and the explanation of the

result are described.

Variable p-value Adjusted odds  p-value Explanation
ratio (95% CI)

Individual-level predictors

Travel time from family home ~ <0.001*  1.64 (1.41-1.90)  <0.001* Infants are 64% more likely to be
to screening institution (hours) lost to follow-up for each hour
increase in travel time.

Region (urban vs. rural) 0.362
Screener-level predictors
Screener performance (ref: <0.001* Infants screened by poor
high) performing screeners were over 9x
. 2.27 (0.98-5.25) 0.05 more likely to be lost to follow-up

compared to infants screened by

- < *
poor 919 (4.20-20.11) 0.001 high performing screeners

Although none of the screener-level predictor variables were significant, the variability be-
tween the screeners was significant (p=0.005), indicating that there is a significant effect of the
screener on LTFU (p=0.005).To translate the variance into an odds ratio that can be compared
to the odds ratios in Table 4, the median odds ratio for the screener was calculated. The median
odds ratio was 3.12 which indicates that the likelihood of LTFU (median) was more than 200%
higher for infants screened by screeners with higher overall LTFU compared to screeners with

lower overall LTFU.

DISCUSSION

NHS has been implemented in four maternity hospitals in Albania in 2018 and 2019. Screening
performed by nurses and midwifes before discharge from maternity hospitals, shortly after birth
worked well. LTFU between screening steps and to diagnostic assessment was the main problem
during the implementation of NHS in Albania. Coverage in the first screening step was high
throughout the implementation study. Referral rates decreased steadily when screeners gained
experience. In maternity hospitals with a low number of births, screeners needed more time to
gain experience. In the largest maternity hospitals in Tirana screeners struggled with the high
workload which resulted in errors, primarily reflected in a high LTFU rate.

High coverage was achieved by performing the first screening step before discharge from the
maternity hospital. In this study, the programme lead was a well-respected professor in ENT
and audiology who had been involved in previous attempts to implement NHS in Albania.
She played an integral role in the facilitation of NHS, such as training, supporting the screen-

ers and informing stakeholders on the existence and importance of screening, which in turn

171



172

Chapter 8

led to high participation. Facilitation is a widely used strategy to implement evidence-based
programmes in a health care setting [36]. These efforts resulted in motivated screeners and
well-informed parents who were willing to participate in the programme. Screeners indicated
that parents who were better informed and who understood why their infant was screened,
were more likely to accept screening and to return for follow-up screening after a fail outcome.

Referral rates after the first screening step were high initially but decreased as screeners
gained more experience. In the first year of screening, it took more time for the screeners in
Pogradec and Kukés to decrease referral rates after the first screening step. This can be related
to the low number of births in both Pogradec and Kukés, causing the screeners to take more
time to gain the same experience as the screeners in the maternity hospitals in Tirana. At the
end of 2019, referral rates after the first screening step in Kukés were comparable to MG and
KG in Tirana, but referral rates in Pogradec remained higher throughout the two years of
implementation. This can be related to a number of factors including training and the fact that
screeners in Pogradec were responsible for learning both OAE and aABR techniques which
may have contributed to the continuously high referral rates across the two years. In Tirana, it
was reported that some of the screeners started repeating the test multiple times within one
screening step to obtain a pass result, which can partly explain the decrease in referral rate in
that location. This issue was addressed, screeners could repeat the test a maximum of three
times. Going forward, it will be incorporated in training as well as in the yearly refresher course.

LTFU was the main problem throughout the two years of screening and was related to
the screener and travel time between the infants’ home and the maternity hospital. Out of all
infants who received a fail outcome in screening step 1, only 39% reached screen completion,
which means that some infants with a HL were not diagnosed and did not receive intervention.
Higher follow-up rates were achieved because of efforts made by the screeners throughout the
study to emphasise the importance of completing the screening programme and by the fact that
screeners reminded parents of their appointment a few days in advance. Despite these efforts
the number of infants LTFU remained high. Follow-up rates varied greatly between screeners,
in particular in the MG maternity hospital in Tirana. Results from the multivariate analysis
showed that, even considering a wide range of infant and family variables including travel
distance, the screener was the greatest predictor of an infant being LTFU.

Screeners in maternity hospitals with higher birth rates can gain more experience; however,
due to increased pressure from the high workload LTFU can remain high. The workload in
the MG maternity hospital was excessively high and an additional screener was hired in 2019.
This finding emphasises the importance of sufficient screeners and good supervision. Some
infants may not have been invited for follow-up screening. When a follow-up appointment
was made but parents did not attend, parents may not have received sufficient information
on the importance of screening, practical issues such as travel distances, time or other priori-
ties prevented these parents from following up with screening. Another explanation may be

that parents had more confidence in certain screeners or maternity hospitals than in others.
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Incomplete data fields in the database may have also contributed to higher LTFU (in this case,
loss to documentation). In the future, LTFU could be further reduced by monitoring the
screeners more closely and by highlighting the importance of parental information and data
entry during training.

Travel time between the hometown and the maternity hospital was a significant predictor for
infants LTFU between the first and second screening step even when the variation in screener
performance was taken into account. When screening is continued and extended to nationwide
reach, LTFU can be further reduced by combining screening with other health care appoint-
ments, planning screening steps closer together, reducing the number of screening steps or
performing two screening steps during the same appointment. However, this would reduce the
specificity of the second test. This was also reflected in the predictions of the cost-effectiveness
model that was developed within the EUSCREEN study [28].This model calculated an OAE-
aABR protocol for WB in which both screening steps are performed before discharge from
the maternity hospital to be the more cost-effective than five other protocols.When screening
is implemented nationwide, more locations will be available closer to the family’s home for
parents to go to, which can reduce LTFU.

A total of 22 of the 22,051 infants were diagnosed with a HL of 40 dB or greater of which
6 had a unilateral HI. Although more infants with a HL were expected to be found based on
the literature [12, 13, 37, 38] this may be explained by the high proportion of infants lost to
follow-up between screening steps and to diagnostic assessment. Some of the information on
the results of diagnostic assessment and early intervention with hearing aids or through family
support was missing. Because different institutions and professionals were involved in follow-up
after screening, it was difficult to gather data from all infants who were referred after screening.
This may have led to infants being lost to documentation. This can be resolved by using a
database that can track infants through both screening, diagnostic assessment and intervention.

The results of this study rely to a great extent on data that were collected in the study
database. Screening results of some infants may not have been registered in the database. For
other infants, inconsistencies were found in the database that may have influenced the screening
outcome that was reported in this article. A reliable database is essential when screening is
continued in Albania. This database should be easy to use by the screeners, the professionals
involved in diagnostic assessment and the team organising the screening programme. Clear
instructions on how to use the database should be available so that all infants can be tracked
and followed up. A good database can also assist in monitoring outcome for each screener.
Screeners that have high referral rates or low follow-up rates can be monitored and asked to
follow additional training courses.

The implementation of screening as part of the EUSCREEN study ended on December
31st, 2019. Efforts were made to improve screening outcomes throughout the two years of
implementation. Progress was made, however some issues remained at the end of the study.

It takes time for a screening programme to run effectively especially when setting up a new
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programme. Plans were made to gradually extend NHS throughout Albania. However, because
of the COVID-19 pandemic, money that was allocated for the extension of NHS had to be
used elsewhere. The plan to extend NHS nationwide will be continued when priorities can
shift from controlling the global pandemic to other healthcare interventions.

‘When screening will be continued and extended nationwide, screening will be performed
in all 37 maternity hospitals in Albania to obtain high coverage and to provide a screening
location closer to the family’s home to reduce travel distance. It could be beneficial to imple-
ment a single-device protocol in maternity hospitals with a low number of births to improve
screener experience and achieve low referral rates. This could be further improved by hiring a
dedicated screener for each or several maternity hospitals. The results of this study emphasise
the importance of a good monitoring system to keep track of all eligible infants and their
screening outcomes, to monitor the screening programme, to assure quality of the screening,
to document the results and to adjust protocols based on context to improve the outcomes of

the screening programme.
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GENERAL DISCUSSION






General discussion

Several factors need to be considered when organising a hearing screening programme that af-
fect the outcome of screening. These factors include the target condition (degree of the hearing
impairment (HI), type of HI and unilateral or bilateral HI), the prevalence of the target condi-
tion, the population that is eligible for screening, screening location, age at screening, screening
devices, screening protocols, screening professionals, diagnostic assessment, intervention after
screening, quality measures, benchmarks, data collection and quality monitoring. In this study,
first the literature was reviewed to determine the prevalence of neonatal permanent hearing
impairment. The reported prevalence rate of permanent unilateral and bilateral hearing impair-
ment worse than 40 dB in neonates varied from 1 to 6 per 1000, with an overall prevalence rate
of 2.21 per 1000 (credible interval: [1.71, 2.8]). Next, existing hearing screening programmes
were inventoried in a large survey with the intention to compare the cost-effectiveness of’
hearing screening programmes across Europe. Local hearing screening experts provided in-
formation on current hearing screening programmes through an extensive questionnaire that
was developed within the EUSCREEN study. It was completed by representatives from 40
European countries plus representatives from Russia, Malawi, Rwanda, India and China.

In newborn hearing screening (NHS), the definition of the target condition of the screening
programme plays a crucial role in the way screening is organised. Firstly, the target condition
can be permanent or transient HI and sensorineural or conductive HI. All NHS programmes
include permanent sensorineural and conductive HI in the newborn period in the target
condition but transient conductive HI is not included. However, an NHS programme will
detect all types of HI, both transient and permanent. Conductive HI during the first days after
birth is often caused by residual fluid in the middle ear. Moreover, otitis media with effusion
can occur a few weeks after birth. These conditions of the middle ear can resolve over time.
Secondly, the degree of HI that is included in the target condition should be determined. In
our survey, participating countries with an NHS programme reported a unilateral and bilateral
permanent HI of between 20 and 40 dB as target condition. Most of these reported a HI of
between 30 and 40 dB as target condition. Additionally, the choice of a threshold between
30 and 40 dB depends on the consequences related to the degrees of HI and the follow-up
and intervention that is available in a country. A HI of at least 30 or 40 dB particularly affects
speech and language development. In our survey, hearing aids were fitted in children when
their HI exceeded thresholds that varied between 25 and 40 dB. Finally, the target condition
may be defined as bilateral or as both unilateral and bilateral HI. Unilateral HI affects speech
and language development less than a bilateral HI but it may evolve into a bilateral HI. In our
survey, most screening programmes have both unilateral and bilateral HI as target condition.
Nevertheless, in almost all countries, both ears are routinely screened.

An NHS programme can be practiced in a (maternity) hospital, in a region or nationwide.
Our survey revealed that 31 of the 42 programmes had a nationwide programme of which 11
reported to organise screening regionally. The remaining 11 programmes provided screening

that was project-based, performed in private hospitals or only provided in some hospitals. Uni-
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versal NHS implies that all infants of the defined population are eligible for screening, while
selective NHS targets only infants with an increased risk for HI (high-risk infants), based on a
number of risk factors. About 50% of infants with a HI do not have any known risk factors [1-
3]. In our survey, risk factors for HI included having been admitted to a neonatal intensive care
unit (NICU) in 32 of the 42 NHS programmes but the minimal length of NICU stay varied
across countries. Other known risk factors for HI reported in our survey included: a family
history of HI, pre- or postnatal infections, craniofacial anomalies, syndromes associated with HI,
adverse perinatal conditions and neurodegenerative disorders [4]. When NHS is implemented
universally, one single protocol can be used to screen all infants, or separate protocols can be
used for infants without known risk factors (low-risk) and infants with an increased risk for HI
(high-risk) in a dual-programme. Within our survey, a dual protocol was reported to be used
in 29 programmes.

When the majority of deliveries take place in a maternity hospital, high coverage can be
obtained by performing the first step of screening before discharge of mother and child.
The average length of stay in the maternity hospital in Europe is 3.1 days after giving birth
(range: 1.4-4.9 days) [5]. Therefore, screening will usually be performed within 72 hours after
birth. In our survey, 39 of the 42 NHS programmes performed the first screening step in
the maternity hospital before discharge. Screening can also be performed during post-natal
healthcare appointments (e.g., newborn blood-spot screening) or vaccinations if attendance to
these appointments or vaccinations is high. Notably, the two countries in Europe that reported
the lowest percentage of infants born in the maternity hospital — the Netherlands and Belgium
(Flanders) — performed the first screening step outside the maternity hospital. Combination of
the first screening step of NHS with postnatal healthcare visits resulted in high attendance at
the first screen in two NHS programmes in Nigeria and South Africa [6, 7]. While screening in
the maternity hospital ensures high attendance for the first screen, screening close to birth has
its drawbacks. Amniotic fluid, that is present in the middle ear after birth, reduces the number
of infants that pass screening [8]. Referral rates for the first step of screening as reported in our
survey were higher when screening took place within 24 hours after birth (6-22%) than when
screening took place at least 24 hours after birth (2-15%).The difference was even larger when
screening took place at least 72 hours after birth (4%). This result was confirmed by a study
that reported the lowest pass rate when screening within the first 24 hours after birth and the
highest pass rate when screening was performed at five days after birth [8].

NHS can be performed with otoacoustic emission (OAE) and/or automated auditory brain
stem response (aABR) devices. An OAE screen measures the reaction of the outer hair cells
in the cochlea to the tone or click that is produced by the screening device. An aABR screen
measures changes in brain wave activity in the auditory brainstem as a reaction to the tone or
click that is produced by the screening device. Screening with aABR has the advantage that it
is less affected by middle ear effusion and has a higher specificity [9]. Additionally, in contrast

to OAE, screening with aABR can detect retrocochlear disorders, which are more prevalent in
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high-risk infants, making it the recommended type of screening for infants with an increased
risk for HI [10]. On the other hand, OAE devices are less expensive than aABR devices [11,
12], OAE screening takes less time to perform and requires less training of the screener. There-
fore, OAE is usually the preferred method for the first screening step in the general population.

Our study showed that almost all programmes screen low-risk infants with OAE in the
first screening step. Including aABR in the screening protocol improves the specificity [9,
13, 14]. Accordingly, in our survey referral rates to diagnostic assessment were lower when
programmes included aABR and when programmes used more screening steps. Referral rates
to diagnostic assessment were 2.1% for programmes with one or two steps using only OAE,
1.7% for programmes with two steps including aABR, and 0.8% for programmes with three
or four steps including aABR. Because of the higher sensitivity and specificity of aABR, it
may be cost-effective to use only aABR even in countries with less available resources [15]. In
the implementation study in Albania, different protocols were implemented in the maternity
hospitals in Kukés and Pogradec. Both are located in a mountainous region, and Kukés is
one of the most rural areas of Albania. An aABR-aABR protocol was implemented in the
maternity hospital in Kukés and an OAE-OAE-aABR screening protocol was used to screen
infants born in Pogradec. Screeners in Kukés using aABR-aABR obtained lower referral rates
than screeners in Pogradec using OAE-OAE-aABR. Both maternity hospitals had low birth
numbers because of their rural nature.

A screening protocol consists of the type of test(s) used, the number of screening steps and
the timing of these screening steps. Our survey showed that the choices made with regards to
the screening protocol — type of screening programme, numbers of steps, devices used — were
related to socio-economic circumstances: health expenditure and Human Development Index
(HDI). Health expenditure is the amount of money spent by a country on healthcare [16]. HDI
is a measure that averages the outcome of four key dimensions of human development: life ex-
pectancy, expected years of schooling, mean years of schooling and gross national income [17].
In general, participating countries in the EUSCREEN study, with lower health expenditure
and HDI were more likely to not perform NHS or to have a selective screening programme.
Countries with lower health expenditure and HDI that had an NHS programme in place
used one single protocol to screen all infants, used two screening steps for low-risk infants and
screened with OAE only more often than countries with high health expenditure and HDI.
Countries with high health expenditure and HDI more often used different protocols for
low- and high-risk, used three screening steps for low-risk infants and included aABR in the
protocol, in at least one screening step for low-risk infants and in the first step for high-risk
infants.

High specificity can be achieved by increasing the number of screening steps [14, 18-20].
However, each additional step also reduces the programme sensitivity, especially when the
proportion of infants lost to follow-up is high. Different screening steps can be combined in

one visit, or can be performed during multiple contact moments. Combining screening steps
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in one visit has advantages and disadvantages. On the one hand, parents do not have to return
to the maternity hospital which increases the follow-up at the next step. When travel times are
long and travel costs are high, following up with subsequent screening steps may be particularly
difficult. On the other hand, specificity of the second step may be low when the reason for a
fail outcome such as fluid in the middle ear persists in the subsequent screening step. This affects
the next screening step, whereas it may resolve when more time is allowed between screening
steps.

When screening is performed in the maternity hospital, nurses and midwifes, who are already
working in the maternity hospital and have experience with newborns, form a very good
choice to perform the screening. Other screening programmes will choose to train specialised
screeners to perform only NHS or to train professionals who can screen the infants in com-
bination with other healthcare appointments or vaccinations. Initial costs may be lower when
professionals with a medical background are hired because they require less initial training;
however, when they perform screening in addition to other work, experience with screening
is accumulated less rapidly which can lead to higher referral rates as compared to dedicated
screeners [11]. Screeners should be trained, have gained experience with screening and follow
predetermined standards of care. A good monitoring system that tracks all screening outcomes
assists in evaluating screening performance and reveals irregularities in a screeners’ performance
that may warrant additional training. Furthermore, screeners should be able to explain the
purpose of NHS to parents and make clear how the infant benefits from screening, from early
detection of a HI and from treatment. They should be able to reassure anxious parents after a
‘fail’ outcome while stressing the importance of attending subsequent screening steps [21, 22].

An essential factor to consider within an NHS programme is access to diagnostic assessment
and early intervention for all infants who are referred after screening. Screening is only the first
step towards helping children with a HI. To provide screening without appropriate diagnostic
assessment and intervention is considered unethical [23]. In an ideal situation, a follow-up
pathway is in place before NHS is implemented, but in practice, the follow-up pathway is often
developed in parallel with the NHS programme.

The EUSCREEN study was designed to calculate and compare the cost-effectiveness of’
the very diverse hearing screening programmes in Europe. This diversity between hearing
screening programmes is caused only in part by the different circumstances in these countries
like differences in healthcare infrastructure, availability of screening professionals, etcetera. In
our survey we found that even in countries with well-developed screening programmes, the
data essential for comparative cost-effectiveness analysis are insufficiently collected, even the
quality measures as formulated by the Joint Committee on Infant Hearing [24]. Our survey
showed that not all countries or regions collect quality measures, monitor screening, or perform
research on the cost-effectiveness of the screening programmes. Many even well-established
screening programmes could not report on quality measures of their screening programme.

Our survey showed that these data are often not collected nationally or that they are not
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accessible, although, in some cases, the experts filling out the questionnaire may not have been
able to find the right source. Data on quality measures can help to ensure the effective use
of resources when setting up NHS or to detect where current problems lie when improving
existing hearing screening programmes. When all hearing screening programmes collect data,
monitor the screening and control the quality of the programme, it will become much easier
to share data and compare the cost-effectiveness across borders. This shared data can be used
to compare cost-effectiveness within a country or between countries and, subsequently, the

diversity amongst screening programmes will decrease.

Experiences with implementation of NHS in Albania

In preparation of implementation of NHS in Albania, a cost-effectiveness model was devel-
oped within the EUSCREEN study in which demography, natural history of HI, screening
characteristics, treatment, costs and quality of life were used to estimate the cost-effectiveness
of a screening programme. This model was used to compare the cost-effectiveness of six dif-
ferent screening protocols for well infants in Albania. The protocol that was considered most
cost-effective in the Albanian context was an OAE-aABR protocol in which both steps were
to be performed before discharge from the maternity hospital. However, the model was not
sufficiently finished when preparations for the implementation of NHS in Albania started.
Therefore, the decision on what screening protocol to implement in Albania was mostly based
on sound clinical judgement, conclusions made after the previous attempts, experience of
implementation of NHS in other countries, local circumstances, and expected costs for both
the programme organisation and parents to implement NHS in Albania.

In Albania, screening was implemented in both urban and rural maternity hospitals. Screen-
ing outcome was monitored through an online screening database that was filled out by the
screeners. Out of 22,818 infants born, 22,051 (96.7%) underwent the first screening step.
Referral rates were 7.1% for the first step, 14.1% for the second step, 43.5% for the third step
and 0.35% of all infants that participated in the first screening step were referred to diagnostic
assessment. Follow-up rates were 66.5% for the second step, 59% for the third step and 66.7%
to diagnostic assessment. A total of 21,493 (94.2%) infants completed the entire screening
protocol of which 78 infants were referred for a diagnostic assessment, 52 attended and 22
(0.1%) were diagnosed with a HI of 40 dB or worse, of which 6 had a unilateral HI. While
it took more time for screeners in rural areas to gain experience in screening because of the
low number of births in the rural maternity hospitals, coverage rates, referral rates and follow
up rates were similar to urban maternity hospitals once experience was gained. In the large
maternity hospitals in Tirana, where the number of births was high, efficient organisation of
screening proved to be essential. In all four maternity hospitals combined, a large number of
infants (34%) did not attend follow-up screening after having received a ‘fail’ outcome in the
first step. Consequently, a high number of the infants who failed the first screening step did

not complete the entire screening protocol (61%). Loss to follow-up between step 1 and step
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2 was correlated to the screener and travel time to the maternity hospital. Both the successes
and continuing challenges from all four locations were evaluated to look into the possibility to
extend NHS to nationwide reach.

The following criteria for implementation of NHS were evaluated in Albania in 2018-2019:
acceptability, adoption, appropriateness, coverage and follow-up, feasibility, and fidelity. These
criteria were evaluated based on on-site observations in the maternity hospitals, interviews
with screeners and parents, a questionnaire in which screeners were asked about their opinions
on the hearing screening programme in more detail and a socio-economic questionnaire dis-
tributed amongst parents. Screening outcome data as well as reasons for not following up with
screening were collected through a database. Both screeners and parents considered it important
that all infants in Albania had access to NHS. All screeners who were trained participated in the
NHS programme. Screeners were eager to improve their screening skills, referral rates, one of
the collected quality measures, decreased steadily. All infants who were screened positively were
offered diagnostic audiological assessment and therapeutic intervention. Screening performed
by nurses and midwifes in maternity hospitals before discharge of mother and child led to high
coverage. However, a large number of infants did not attend follow-up screening. Screeners
needed more time to gain experience when the number of births were low and screeners
struggled with the high workload when the number of births were high. The number of
infants lost to follow-up varied per screener. The largest clinic had the largest loss to follow-up
and had nurses with high loss to follow-up. In this clinic with the highest number of births
the workload was high and supervision, hence, had difficulty coping from time to time. This

underscores the need of sufficient screeners and good supervision and quality control.

Childhood hearing screening after the newborn period

Childhood hearing screening after the newborn period (CHS) is not commonly provided
across countries participating in the survey. Universal CHS is performed mainly in high-income
countries using pure tone audiometry screening (PTS). For CHS, considerations similar to
NHS can be made for factors that are important for the organisation of CHS. These factors
include the target condition, the population, location, age at screening, screening test, screening
professionals, quality measures and monitoring.

In addition to a unilateral or bilateral permanent HI of a certain degree, the target condition
for CHS programmes can also include (transient) conductive HI such as HI caused by otitis
media. Screening can either include all children or exclude children with a known HI or
ear problem. To reach high attendance, CHS can be performed at a location with an implicit
high attendance such as (pre)school or in combination with other child healthcare exams or
vaccination. Screening can be performed by PTS, speech (in noise) tests, whisper test, tympa-
nometry, OAE, a combination of different tests or by questionnaires filled out by the parent
or teacher of the child. The choice of test and screening protocol used (e.g., frequencies tested

and passing criteria) depend on the age and developmental level of the target population. Our
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survey showed that in Europe CHS was offered to children between the ages of 3 and 7. CHS
programmes mainly used PTS. The threshold used for passing PTS ranged from 20 to 40 dB
and depended to some degree on the age of the child. CHS programmes used a median passing
criterion of 30 dB for children aged 3 to 4 years and 25 dB for children aged 4 and older. The
choice of threshold may be based on the inability of younger children to reliably respond to
PTS and the high prevalence of otitis media at that age [25].

In our survey, only a few countries could provide data on quality measures such as coverage
rate, referral rate and follow-up rate. When quality measures are not collected, the effectiveness
of CHS cannot be calculated or compared across countries. CHS is able to detect children
with a HI that were missed during NHS or who developed a HI after NHS was performed.
These children may remain undetected without additional screening or risk factor surveil-
lance programme [26]. CHS may be cost-effective in countries where no NHS is available or
where otitis media is particularly prevalent. However, no data was available for such countries.
Until such data becomes available, the cost-effectiveness of CHS cannot be reliably calculated.
Interestingly, across all countries and regions participating in our survey, none indicated that
both NHS and CHS are organised through the same institution. In many countries, NHS runs
as an independent programme or is integrated with maternal and newborn healthcare while
CHS is often incorporated into childhood health services or the education system. One system
to monitor screening outcome throughout childhood can assist healthcare personnel in helping

and following up children with a HI.

LIST OF ABBREVIATIONS:

HI Hearing impairment

NHS Newborn hearing screening

CHS Childhood hearing screening

HDI Human Development Index

NICU  Neonatal intensive care unit

OAE Otoacoustic emission

aABR  Automated auditory brain stem response

PTS Pure-tone audiometry screening
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English summary

Hearing impairment is a common health problem during childhood, affecting 2 out of every
1000 newborns.When a hearing impairment remains untreated during childhood, it may affect
speech, language and general development. Screening for hearing impairment and subsequent
intervention may prevent these negative outcomes. Hearing screening during childhood can
be performed in the newborn period or at (pre)school age. Newborn hearing screening (NHS)
usually takes place within the first days after birth and is performed by either an otoacoustic
emission (OAE) screen or an automated auditory brainstem response (aABR) screen. The pro-
tocol can include multiple repeat screening steps after a fail outcome before infants are referred
to full audiological diagnostic assessment. An infant that fails screening is referred to diagnostic
assessment to confirm if a permanent hearing impairment is present and to determine its type
and degree. Infants with a permanent hearing impairment are referred for subsequent interven-
tion. This intervention includes amplification through hearing aids, cochlear implants or bone
conductive hearing aids. Additionally, speech language therapy and family intervention can
be provided. In addition to NHS, some countries also perform childhood hearing screening
after the newborn period (CHS). This type of screening usually takes place between 3 and 7
years using pure tone audiometry screening. This thesis inventories and evaluates strategies for

hearing screening programmes that are performed during childhood.

The EUSCREEN study compares the cost-effectiveness of vision and hearing screening
programmes in countries in Europe and beyond. Large variation exists in vision and hearing
screening programs across Europe with regards to age and frequency of testing, tests used, up-
take, screening professionals, referral pathway and funding. A model was developed to compare
the cost-effectiveness of screening programmes across countries, taking local circumstances into

account.

For comparison of the cost-effectiveness of NHS programmes, insight in the natural history
and prevalence of hearing impairment is essential. In a systematic literature review, 35 out of
7520 studies met the inclusion criteria and were analysed, 25 of which were from high-income
countries. Twenty-seven reported on the general infant population, three reported only on
healthy infants and five reported only on infants admitted to the neonatal intensive care unit
(NICU). The prevalence rate of permanent unilateral and bilateral hearing impairment worse
than 40 dB in neonates varied from 1 to 6 per 1000, with an overall prevalence rate of 2.21
per 1000 (credible interval: [1.71, 2.8]). Approximately one-third was unilateral permanent
hearing impairment. Reported prevalence among infants admitted to the NICU averaged
15.77 per 1000. Higher prevalence rates were reported by studies from countries with lower
gross national income and from countries in Asia compared to countries in Europe, but this did
not reach statistical significance. Reported percentage of infants lost to follow-up was higher
in countries with lower gross national income but this did not reach statistical significance

(p=0.07). (Chapter 2)
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A large survey was carried out by developing an extensive questionnaire that was distributed
amongst hearing screening experts in all countries in Europe. The information that was col-
lected was used to inventory the provision and performance of existing screening programmes.
This questionnaire covered nine domains: demography and epidemiology, administration and
general background, existing screening programmes, coverage and attendance, tests and devices,
follow up and diagnostic assessment, treatment options, costs and benefits and adverse ef-
fects. The information gathered from the questionnaire was supplemented with demographic
data to better understand the variability and the rationale for the diversity across programmes.
The questionnaire was completed by representatives from 40 European countries plus Russia,
Malawi, Rwanda, India and China.

Nationwide universal NHS was offered in 26 of 30 high-income countries and in three out
of 15 low- and middle-income countries. Out of a total of 42 NHS programmes, 39 performed
the first screening step of NHS in the maternity hospital before discharge. Within screening
programmes different decisions were made for five variables related to protocol design. A single
protocol can be used to screen all infants or a separate protocol can be used for infants with
an increased risk for hearing impairment, including infants admitted to NICU (high-risk) in a
dual-programme. A screening protocol has a number of screening steps in which screening is
repeated after a fail outcome before referral to diagnostic assessment. Finally, the protocol can
consist of OAE and/or aABR screening, aABR is more sensitive and specific but also more ex-
pensive than OAE.This study showed that these choices were related to local socio-economic
factors: health expenditure and human development index (HDI). Health expenditure and
HDI were high in countries with a dual protocol, using three screening steps including aABR
and low in countries with a two-step OAE-only protocol for all infants. (Chapter 3)

Figures for quality measures of screening, as defined by the Joint Commission on Infant
Hearing: coverage rate, referral rate and follow-up rate, could not be provided by many NHS
programmes within the survey. Median coverage rate was 96% for the first screening step, mostly
performed in the maternity hospital after birth. Referral rates were lower for programmes that
first screened later than 24 hours after birth (2-15%) than when screening took place within
24 hours after birth (6-22%). Referral rates were even lower when screening was performed
later than 72 hours after birth (4%). Screening programmes that referred less infants after the
first step of screening, had higher attendance rates for follow-up screening. Programmes with
one or two steps using only OAE referred 2.1%, programmes with two steps including aABR.
referred 1.7% and programmes with three or four steps including aABR referred 0.8% of
infants to diagnostic assessment. Median detection rate for bilateral permanent hearing impair-
ment 240dB was 1.16 per 1000 (range: 0.7 to 3 per 1000). (Chapter 4)

While NHS was performed in most participating countries and regions, only a few per-
formed screening after the newborn period. All participating countries with CHS also per-

formed NHS. All 17 countries and regions that performed universal CHS used pure tone
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audiometry screening. Eight countries with non-universal CHS used pure tone screening or
whisper tests. Almost half of the universal programmes performed the first step of screening in
a (pre)school setting, where nurses performed screening on children aged 3 to 7 years (median:
5). The other programmes performed the first screen in a healthcare setting, where doctors or
nurses performed screening on children aged 4 to 7 (median: 4.5). One programme screened
children in both. Median intensity for passing the screen were 30 dB at 3 to 4 years and 25 dB
for children over 4 years. Similar to NHS, few programmes could provide quality measures of
screening for CHS. (Chapter 5)

The estimated prevalence rates of permanent newborn hearing impairment and the infor-
mation gathered through the extensive EUSCREEN questionnaire were used to develop
the EUSCREEN cost-effectiveness model. This model calculates the cost-effectiveness of a
hearing screening programme in a country, taking the local circumstances into account includ-
ing healthcare infrastructure, demography, natural history of newborn hearing impairment,
screening characteristics, treatment and costs. It permits comparison of the cost-effectiveness of
hearing screening programmes across countries in Europe. In preparation of implementation of
NHS in Albania, six NHS programmes were compared. The analysis was limited to well babies,
screened with either OAE, aABR or a combination of both in the maternity hospital at differ-
ent ages after birth. The model made a distinction in severity of hearing impairment (26-40dB,
40-80dB, >80dB) and took local circumstances in Albania into account. Assumptions were
made for sensitivity (97% for aABR and 95% for OAE), referral rate (9.7% when screening was
performed with OAE between 24 and 48 hours after birth and 20% when performed within
24 hours) and attendance rate (95% for inpatient screens and 70% after discharge). The model
calculated a two-step OAE-aABR protocol, both performed in the maternity hospital before
discharge to be most cost-effective in Albania. A single aABR protocol detected more cases
but resulted in higher referral rates, which increased costs. Multiple-step screening decreased
referral rates but increased the number of missed cases caused by false-negative results and a

high number of infants lost to follow-up. (Chapter 6)

Finally, NHS was implemented in three provinces in Albania, where no NHS existed, during
2018-2019. Over the course of two years 22,818 infants were born of which 22,051 (96.7%)
were screened. In the first step, 1,561 (7.1%) infants received a fail outcome, including 13
who were referred to diagnostic assessment. Out of 1,547 infants invited for the second step,
519 (33.5%) did not attend and 145 (9.4%) received a second fail outcome. Thirty-eight were
referred for diagnostic assessment. For the third step, 105 infants were invited of which 43
(40.2%) did not attend and 27 (25.2%) received a fail outcome. A total of 21,493 (94.2%)
infants completed the entire screening protocol of which 78 (0.36%) infants were referred for a
diagnostic assessment, 52 attended and 22 (0,1%) were diagnosed with a hearing impairment of

40 dB or worse, of which 6 had a unilateral HI. The greatest concern during the implementa-
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tion study was the high proportion of infants lost to follow-up after screening yielded a ‘fail’
result. Loss to follow-up between step 1 and step 2 was correlated to the screener and travel
time to the maternity hospital.

The following criteria for implementation were evaluated in Albania: acceptability, adop-
tion, appropriateness, feasibility, fidelity, coverage and attendance. Implementation criteria were
evaluated based on on-site observations in the maternity hospitals, interview with screeners and
parents, a screener questionnaire and a screening database in which screening outcome data
were collected. Screening was considered acceptable, both screeners and parents considered
NHS to be important. Adoption was good, all screeners who were trained participated in the
NHS programme and parents accepted screening. Other preventive paediatric healthcare inter-
ventions may be considered more important, but NHS was considered appropriate in Albania.
Screening performed by nurses and midwifes in maternity hospitals was considered feasible
but screeners needed more time to gain experience when the number of births were low and
screeners struggled with the high work load when the number of births were high. A more
specific screening protocol and a good monitoring system could help in this regard. Coverage
was high but a large number of infants did not attend follow-up screening. The screening
programme was updated based on the experiences gained during the implementation and a

plan was made to extend NHS to nationwide reach. (Chapter 7 and 8)
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Slechthorendheid is een vaak voorkomend gezondheidsprobleem tijdens de kindertijd. 2 op
de 1000 kinderen worden slechthorend geboren. Als slechthorendheid tijdens de kindertijd
niet wordt behandeld, kan dit invloed hebben op de ontwikkeling van spraak, taal en de
algemene ontwikkeling van het kind. Door kinderen te screenen op slechthorendheid én
vroeg te behandelen kunnen deze problemen vermeden worden. Neonatale gehoorscreening
(NGS) vindt meestal plaats in de eerste dagen na de geboorte. Dit gebeurt met behulp van
een otoakoestische emissie (OAE) of een automatische ‘auditory brainstem response’ (aABR).
Het screeningsprotocol kan uit verschillende stappen bestaan. Behaalt een kind onvoldoende
resultaat in de eerste stap? Dan wordt de screeningtest herhaald in een volgende stap. Is ook in
het volledige screeningsprotocol het resultaat onvoldoende? Dan wordt het kind doorverwezen
voor een diagnostisch onderzoek. Hierin wordt nagegaan of het gaat om permanente slecht-
horendheid. Ook wordt vastgesteld om welk type en welke mate van de slechthorendheid het
gaat. De behandeling van slechthorende kinderen bestaat uit het versterken van het geluid via
hoorapparaten, cochleaire implantaten of beengeleider hoortoestellen.Verder kan de behande-
ling ook bestaan uit logopedie en gezinsbegeleiding.

Kinderen kunnen ook op latere leeftijd gescreend worden. Gehoorscreening in de kindertijd
na de neonatale periode (KGS) vindt meestal plaats als het kind tussen 3 en 7 jaar oud is. Dit
gebeurt met behulp van toonaudiometrie. Dit proefschrift inventariseert en evalueert verschil-

lende strategieén voor gehoorscreening tijdens de kindertijd.

De EUSCREEN-studie vergelijkt de kosteneffectiviteit van oog- en gehoorscreeningspro-
gramma’s in landen binnen en buiten Europa. In Europa bestaat grote variatie tussen deze
screeningsprogramma’s in leeftijd, het aantal testmomenten, de gebruikte testen, de achtergrond
van de screeners, diagnostiek, interventie en financiering van de screening. Het kosteneffecti-
viteitsmodel is ontwikkeld om screeningsprogramma’s te vergelijken waarbij rekening wordt

gehouden met de lokale omstandigheden.

Bij de vergelijking van de kosteneffectiviteit van NGS-programma’s is informatie over het ver-
loop en de prevalentie van slechthorendheid belangrijk. Een systematisch literatuuronderzoek
vond 7.520 studies, waarvan er 35 voldeden aan de inclusiecriteria. Deze 35 studies werden
opgenomen in de analyse. Hiervan kwamen 25 studies uit hoge-inkomenslanden. 27 studies
bespraken de algemene populatie. Drie bespraken enkel kinderen die niet op een neonatale
intensive care unit (NICU) waren opgenomen, 5 studies bespraken enkel NICU-kinderen. De
prevalentie van permanente slechthorendheid van minimaal 40 dB in de neonatale populatie
varieerde tussen 1 en 6 kinderen per 1.000 met een gemiddelde prevalentie van 2.21 per 1.000
(credible interval: [1.71, 2.8]). Bij ongeveer een derde van de kinderen was de slechthorend-
heid enkelzijdig. Voor NICU-kinderen werd een gemiddelde prevalentie van 15.77 per 1.000
gevonden. De prevalentie van neonatale slechthorendheid was hoger in lage-inkomenslanden

dan in hoge-inkomenslanden en hoger in Azi¢ dan in Europa. Echter, deze verschillen waren
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niet statistisch significant. Het gerapporteerde percentage kinderen dat niet kwam opdagen
voor vervolg screening was hoger in lage-inkomenslanden, maar ook dit verschil was niet

statistisch significant (p = 0.07). (Hoofdstuk 2)

In een grootschalig onderzoek werd een uitgebreide vragenlijst ontwikkeld om informatie te
verzamelen over gehoorscreeningsprogramma’s. Deze vragenlijst werd ingevuld door gehoor-
screeningsdeskundigen uit voornamelijk Europese landen. Op basis van deze informatie werd
onderzocht welke factoren mogelijk van invloed zijn op de organisatie en de uitkomsten van
gehoorscreening. De vragenlijst bestond uit 9 onderdelen: demografie en epidemiologie, admi-
nistratie en algemene achtergrond, bestaande screeningsprogramma’s, dekking van de screening
en opkomst, tests en apparatuur, follow-up en diagnostiek, behandelingsmogelijkheden, kosten
en de voordelen en nadelen van screening. Bijkomende demografische informatie werd verza-
meld om de verschillen tussen programma’s beter te begrijpen. Deze vragenlijst werd ingevuld
door vertegenwoordigers uit 40 Europese landen en uit Rusland, Malawi, Rwanda, India en
China.

Universele NGS-programma’s zijn nationaal ingevoerd in 26 van de 30 hoge-inkomenslanden
en in 3 van de 15 lage- of midden-inkomenslanden. Van de 42 NGS-programma’s screenden
39 programma’s kinderen de eerste keer voor hun ontslag uit het ziekenhuis. Screeningspro-
gramma’s namen verschillende beslissingen voor 5 aan het protocol gerelateerde variabelen. Als
universele NGS wordt ingevoerd kan ervoor gekozen worden om alle kinderen met 1 protocol
te screenen. Ook kan een apart protocol gebruikt worden voor kinderen met een verhoogd
risico op slechthorendheid (hoge-risico kinderen).Vervolgens wordt het aantal screeningsstap-
pen in het programma bepaald. Als er meer screeningsstappen zijn, wordt de kans op een vals
positief resultaat kleiner. Ten slotte wordt de soort screening test bepaald: OAE en/of aABR.
Deze keuzes waren gerelateerd aan de gezondheidsuitgaven en de ontwikkelingsindex van een
land. De gezondheidsuitgaven en de ontwikkelingsindex waren hoger in landen met een apart
protocol voor hoge-risico kinderen en waarbij 3 screeningsstappen met minstens 1 aABR
gebruikt werden. Ze waren lager in landen die een OAE-protocol met 2 stappen gebruikten
voor alle kinderen. (Hoofdstuk 3)

Uitkomstmaten van screening zoals gedefinieerd door de ‘Joint Commission on Infant Hea-
ring’ — dekkingsgraad, verwijspercentage en follow-up percentage — worden gebruikt om de
effectiviteit van screening te evalueren. Deze waren voor een groot aantal NGS-programma’s
niet beschikbaar. In de eerste screeningstap was de mediaan voor het gerapporteerde dek-
kingspercentage 96%. De gerapporteerde verwijspercentages waren lager voor programma’s
waarin kinderen na 24 uur na de geboorte werden gescreend (2-15%) dan binnen 24 uur na de
geboorte (6-22%).Verwijspercentages waren nog lager wanneer pas na 72 uur na de geboorte
werd gescreend (4%). Screeningprogramma’s die na de eerste screeningsstap minder kinderen
doorverwezen, hadden een hogere opkomst voor de vervolgscreening. Programma’s met 1 of

2 stappen die enkel OAE gebruikten, verwezen 2.1% van de kinderen voor een diagnostisch
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onderzoek. Dit was 1.7% voor programma’s met 2 stappen waarbij ook aABR gebruikt werd,
en 0.8% voor programma’s met 3 of 4 stappen met minstens 1 aABR. Bilateraal permanente
slechthorendheid 240dB werd gevonden in 1.16 kinderen per 1.000 (mediaan) en varieerde
tussen 0.7 en 3 kinderen per 1.000. (Hoofdstuk 4)

Terwijl NGS wordt uitgevoerd in de meeste landen binnen de EUSCREEN-studie, scree-
nen maar enkele landen het gehoor in de kindertijd na de neonatale periode. Alle landen met
KGS hebben ook een NGS-programma. De 17 landen met een universeel KGS-programma
maken gebruik van toonaudiometrie. 8 landen met niet-universele KGS maken gebruik van
toonaudiometrie of fluistertests. Ongeveer de helft van de KGS-programma’s vindt plaats in
een schoolomgeving, waar verpleegkundigen kinderen tussen 3 en 7 jaar screenen (mediaan: 5).
De andere programma’s vinden plaats in een zorgomgeving, waar artsen of verpleegkundigen
kinderen tussen 4 en 7 jaar screenen (mediaan: 4,5). Een KGS-programma screent kinderen
in beide locaties. De intensiteit die gebruikt wordt om de grenswaarde voor een voldoende
gehoor te bepalen is athankelijk van de leeftijd van het kind. Dit is 30 dB voor kinderen van
3 tot 4 jaar en 25 dB voor kinderen van 4 jaar en ouder. Ook voor KGS waren voor weinig

programma’s uitkomstmaten van screening beschikbaar. (Hoofdstuk 5)

Met behulp van de prevalentiecijfers van permanente slechthorendheid in de neonatale
populatie en de informatie die werd verzameld via de EUSCREEN-vragenlijst, werd een
kosteneffectiviteitsmodel ontwikkeld. Dit model kan voor een land het meest kosteneffectieve
gehoorscreeningsprogramma berekenen. Hierbij wordt rekening gehouden met de lokale om-
standigheden, waaronder de infrastructuur van de gezondheidszorg, demografie, het natuurlijk
beloop van slechthorendheid bij pasgeborenen, behandeling en kosten. Aan de hand van dit
model kan ook de kosteneffectiviteit van gehoorscreeningsprogramma’s in verschillende landen
in Europa vergeleken worden. Ter voorbereiding van de implementatie van NHS in Albanié
werden 6 NHS-programma’s voor gezonde kinderen vergeleken. Deze protocollen verschilden
in het aantal screeningsstappen, de leeftijd van het kind per screeningsstap en het gebruik van
OAE en/of aABR. Het model maakte een onderscheid tussen verschillende mate van slecht-
horendheid (26-40dB, 40-80dB,> 80dB) en hield rekening met de lokale omstandigheden in
Albanié. Aannames werden gedaan voor de sensitiviteit (97% voor aABR en 95% voor OAE),
het verwijzingspercentage (9,7% voor screening met OAE tussen 24 en 48 uur na de geboorte
en 20% wanneer screening werd uitgevoerd binnen 24 uur) en opkomstpercentage (95% voor
ontslag uit het ziekenhuis en 70% na ontslag). Volgens de berekeningen van het model was
het OAE-aABR protocol, waarbij beide stappen worden uitgevoerd in de kraamkliniek voor
ontslag uit het ziekenhuis, het meest kosteneffectieve screeningsprogramma voor de situatie in
Albanié. Een aABR-protocol met 1 stap detecteerde meer slechthorende kinderen, maar het
aantal verwezen kinderen was hoger waardoor de kosten hoger waren. In een protocol met

meerdere stappen werden enerzijds minder kinderen doorverwezen. Anderzijds werden meer
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slechthorende kinderen niet gedetecteerd door een fout-negatief resultaat en ging een groot

aantal kinderen verloren tussen de screenings stappen. (Hoofdstuk 6)

Ten slotte werd NGS in 2018-2019 in 3 provincies in Albanié geimplementeerd. Gedurende
deze implementatie werden 22.818 kinderen geboren, waarvan 22.051 (96,7%) werden ge-
screend. In de eerste stap hadden 1.561 (7,1%) kinderen een onvoldoende resultaat, waarvan
13 meteen werden verwezen voor een diagnostisch onderzoek.Van de 1.547 kinderen die voor
een tweede test moesten komen, kwamen er 519 (33,5%) niet en kregen er 145 (9,4%) opnieuw
een onvoldoende resultaat. 38 kinderen werden verwezen voor diagnostisch onderzoek.Van de
105 kinderen die werden uitgenodigd voor de derde stap, kwamen er 43 (40,2%) niet en kregen
27 (25,2%) een onvoldoende resultaat. Het volledige screeningsprogramma werd doorlopen
door 21.493 (94,2%) kinderen. 78 (0,36%) werden verwezen voor een diagnostisch onderzoek,
van wie er 52 werden onderzocht. Bij 22 (0,1%) kinderen werd een slechthorendheid van 40
dB of slechter ontdekt, van wie er 6 een eenzijdige slechthorendheid hadden. Het grootste
probleem tijdens de implementatie van NGS in Albanié was het hoge percentage kinderen dat
niet terugkwam voor een vervolgafspraak na een ‘onvoldoende’ resultaat. Dit hing samen met
de screener en de reistijd tussen het ziekenhuis en de woonplaats.

De ‘acceptability’, ‘adoption’, ‘appropriateness’, ‘feasibility’, ‘fidelity’ en ‘coverage and atten-
dance” werden geévalueerd tijdens de implementatie van NGS in Albanié. Dit gebeurde op
basis van observaties in de kraamklinieken, interviews met screeners en ouders, een vragenlijst
voor de screeners en een database waarin de uitkomst van de screening werd geregistreerd.
Zowel screeners als ouders vonden NGS belangrijk, screening was acceptabel. Alle screeners
die de cursus volgden, voerden ook screening uit, en ouders waren bereid om deel te nemen
aan de screening, ‘adoption’ was goed. Binnen de gezondheidszorg kunnen andere interventies
voor kinderen als belangrijker worden beschouwd, toch werd NGS in Albanié beschouwd als
‘appropriate’. Het was mogelijk om screening te laten uitvoeren door verpleegkundigen en
verloskundigen in het ziekenhuis (‘feasibility’). In ziekenhuizen met weinig geboortes had-
den screeners meer tijd nodig om voldoende ervaring op te doen; in ziekenhuizen met veel
geboortes was de werkdruk te hoog. Een specifieker screeningsprotocol bij een laag aantal
geboortes en een goede database om screening te monitoren bij een hoog aantal geboortes
kunnen hierbij helpen. Het dekkingspercentage van het NGS-programma was hoog, maar een
aantal kinderen kwam niet terug voor het vervolgonderzoek (‘coverage and attendance’). Het
screeningsprogramma in Albanié werd aangepast op basis van de ervaringen die zijn opgedaan
tijdens de implementatie. Er werd een plan gemaakt om NGS nationaal uit te rollen. (Hoofd-
stuk 7 en 8)
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