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Introduction: The Norwegian Directorate of Health approved the Norwegian Hearing Register for Children in 2022. The main objective of the register is to improve the quality of treatment for children with permanent hearing loss, by measures, follow-ups and monitoring the quality and results of the health care system.

Methods: Inclusion criteria are children who do not pass universal newborn hearing screening and/or children with permanent hearing loss <18 years of age. Hearing loss is defined as pure-tone audiometry threshold of (PTA4) > 20 dB in at least one ear. Data are registered at the Ear, Nose and Throat departments at inclusion and at follow-ups at the age of 3, 6, 10, and 15 years. The register collects information about the child within a holistic perspective. The key elements of the register are (a) data concerning newborn hearing screening; (b) data concerning hearing, medical information, hearing amplification and intervention (c) patient reported outcome measures registered by caregivers using three questionnaires; Pediatric Quality of Life Inventory, Strengths and Difficulties Questionnaire and Parents’ Evaluation of Aural/Oral Performance of Children.

Results: The register has established four quality indicators regarding newborn hearing screening and early intervention (a) the rate of false positive neonatal screens; (b) testing for congenital cytomegalovirus within 3 weeks of age for children who do not pass newborn hearing screening; (c) audiological evaluation to confirm the hearing status no later than 3 months of age and (d) initiated intervention within 3 months after confirmation of hearing status.

Discussion: The register will include the total population of hearing impaired children over long time periods. Thus, the register enables each hospital to monitor their quality indicator scores continuously and compare them with national levels in real time. This facilitates and accelerates identification of improvement areas in the hospitals and will be an important contributor for quality improvement in NHS, diagnostics and hearing intervention for children in Norway. In addition, data from the register will be a unique source for research, and study designs with a long follow-up time can be applied.
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Introduction

In many countries, there is an increasing interest in medical quality registries (MQR) as an important tool for quality improvement in health care. Primarily, MQR are intended to measure, follow-up and monitor the quality and results of the health care system at various levels. MQR provide data for disease monitoring and clinical and epidemiological research. The MQR quality indicators (QI) help to evaluate whether the health care provided meets the requirements of good quality care. MQR can also be used to induce quality improvements (Solomon et al., 1991; Mascher et al., 2017), in addition to monitoring compliance of professional guidelines and best practice. The use of patient-reported data (PROM) is required in a MQR. The overall goal of patient-reported data is to promote patient-centered treatment, where the caregivers can actively contribute to decisions about their child’s health. Further, the use of PROM help to ensure the effectiveness and relevance of the MQR (SKDE, 2024).

In Norway, the Regional Health Authorities have the financial and legal responsibility for the operation of the 59 MQR. The Ministry of Health and Care Services gives the health regions specific assignments for the development of quality registries such as data quality, completeness, coverage, availability of results for clinicians and patients and use in clinical improvement. The registries are supported by the Norwegian Advisory Unit for Medical Quality Registries with local offices in all four health regions (Figure 1). Each register has a steering committee, together with a register secretariat responsible for daily and professional operations (Mascher et al., 2017). The registries are subject to annual review from the national Expert group in order to ensure that the MQR function according to their purpose, and in line with requirements for operation and reporting, to maintain the status as a national quality register (SKDE, 2024).
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FIGURE 1
 Illustrates the organization of medical quality registries in Norway. ICT, information and communication technology; ENT, ear nose and throat field; MQR, medical quality registries.


To meet the demand from patients, health care providers and payers, the Norwegian Association for Otorhinolaryngology Head and Neck Surgery initiated the development of the Norwegian Hearing Register for Children (NHRC) in 2019. This was planned as the second MQR in the field, after the Norwegian Tonsil Surgery Register. The vision behind NHRC was to improve outcomes for every child through a high-quality screening program, safe and effective assessment and family centered early intervention (FCEI) for children with permanent hearing loss (CPHL). The register will collect information from children who fail the NHS and all CPHL within a holistically perspective and facilitate audiological research. This initiative was supported by the audiological and pediatric professional organizations and user organizations in Norway, which all participated actively in the development of the register.

The Norwegian population of 5.5 million is relatively homogenous and the healthcare system predominantly tax-funded, all which are beneficial prerequisites for establishing reliable registries (Magnussen et al., 2009; SSB, 2024). In 2023, a total of 51.980 new citizens were born in Norway (SSB, 2024).

International studies have shown that the prevalence of CPHL are 2/1,000 live births (Thompson et al., 2001; Kennedy et al., 2005; Nelson et al., 2008). The prevalence of sensorineural hearing loss (SNHL) increases with age, from 3/1,000 children at the age of 6 (Fortnum et al., 2001) and at adolescence between 3.5/1,000 bilateral and 23/1,000 cases of uni- or bilateral hearing loss (Morton and Nance, 2006; Lin et al., 2011; Korver et al., 2017). For neonates with risk factors, the prevalence increases 10-folds (Robertson et al., 2009).

It is well recognized that hearing loss may influence speech and language development, academic achievement, and social and emotional outcomes (Lieu et al., 2020). Psychosocial outcomes include emotional, social, and behavioral aspects, areas associated with one’s mental health (WHO, 2022). Quality of life in children is also affected by hearing loss (Roland et al., 2016). Early detection and targeted intervention is of uttermost importance for the child to achieve its true potential (Yoshinaga-Itano et al., 2010; Tomblin et al., 2014, 2020). We have so far no overview of the prevalence of CPHL in Norway.

Cytomegalovirus (CMV) is the most common congenital infection with a prevalence of 0.3–1.2% in industrialized countries, and the most frequent non-genetic cause of congenital SNHL in children (Fowler and Boppana, 2006; Kenneson and Cannon, 2007; Engman et al., 2008). Symptoms at birth vary, and only 10–15% will be detected on routine neonatal examinations, the majority remaining undiagnosed (asymptomatic). Long-term consequences, such as hearing loss, visual or neurological problems, are common in both symptomatic and asymptomatic children, where SNHL occurs in 15–20% overall (Barbi et al., 2003; Pass, 2005; Dollard et al., 2007; Lombardi et al., 2010; Cannon et al., 2014; Demmler-Harrison, 2016; Fowler and Boppana, 2018). CMV testing within the 21 day period after birth is required to differentiate cCMV from postnatal acquired CMV, which is not associated with childhood hearing loss (Kenneson and Cannon, 2007). The development of a rapid method for detecting CMV in saliva or urine has allowed early diagnostics with reduced costs for the society (Boppana et al., 2011).

The Universal Newborn Hearing Screening Program for Norway (NHS) was introduced across the country in a phased and nationally driven process between 2006 and 2008, and regionally implemented. A record whether the NHS is performed or not is automatically created in the Medical Birth Registry of Norway, further information is not collected (Folkehelseinstituttet, 2024).

NHS are conducted at all hospitals with a birth unit. Children who fail the NHS are directly referred to outpatient rescreen at the Ear, Nose and Throat department (ENT). Diagnostic and intervention clinics for children with hearing loss are available at a limited number of hospitals. Cochlear implantations in children are performed in Oslo University Hospital only.

In 2014 an evaluation of the program was commissioned by the Department of Health and Ministry of Education and Research. The report revealed large geographical differences in the quality of NHS and FCEI offered (Eikli et al., 2014). As a consequence, national guidelines for NHS and the habilitation of hearing impaired children (aged 0–3 years) were developed (Helsedirektoratet, 2016a,b). Screening protocols for newborns and newborns in risk were established. For babies without risk, a two-technology procedure with TEOAE (with maximum two attempts) followed by automatic brain stem response (AABR) if required was implemented. For babies in risk, AABR was implemented to detect auditory neuropathy spectrum disorder. Newborns with microtia/atresia and meningitis were defined as screen referrals, and directly referred for audiological assessment. A refer in at least one ear was considered screen referrals and followed up with outpatient rescreen with TEOAE and AABR at the local ENT department within 4 weeks of age.

The NHS program is hospital based. Babies are screened in hospitals before discharge or in outpatient screening clinics for those babies that do not complete screening before discharge. The prevalence of planned homebirths is about 1 per 1,000 births, with 100–170 occurring every year (Folkehelseinstituttet, 2024). These babies are offered NHS at scheduled outpatient follow up at local maternity institutions within 72 h after birth.

In addition, hearing targeted early congenital CMV screening before 3 weeks of age was implemented in newborns with referred NHS. According to the national guidelines, NHS and outpatient rescreen should be performed no later than 1 month of age. Those who fail the NHS should receive a comprehensive audiological evaluation by no later than 3 months of age and appropriate intervention with FCEI and hearing technology initiated before 6 months of age. This national 1–3–6 benchmark (JCIH, 2019) goals are important for early access to optimal language and learning, and highlight the importance of rapid identification and intervention (Figure 2). However, no national information system for monitoring the quality standards were developed, resulting in lack of information about the quality of NHS, outpatient rescreen, and audiological follow up. This inadequacy may lead to treatment based on professionals’ preferences rather than evidence-based medicine. A register will provide increased knowledge about this patient group and can improve the treatment quality for these children.
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FIGURE 2
 Illustrates the 1–3–6 benchmark goals for NHS and early intervention.


The Norwegian Directorate of Health approved the NHRC in 2022. A register secretariat and a web-based medical registration system (MRS) was established at Central Norway Regional Health Authority, St. Olav’s Hospital, Trondheim University Hospital. The register was officially launched in January 2023.



Materials and methods

The NHRC has a prospective, longitudinal register design which includes a variety of data. The register is fully web-based, and registrations are carried out by audiological personnel and caregivers/children at several time-points (Figure 3).
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FIGURE 3
 Illustrates the register design and the variety of data collected. PTA4, Pure-Tone Audiometry average over the frequencies 0.5, 1, 2 and 4 k Hz > 20 dB; Hz, Hertz; dB, decibel; PedsQL, Pediatric Quality of Life Inventory; SDQ, Strength and Difficulties Questionnaire; PEACH+, Parents Evaluation of Aural/Oral Performance of Children.



Participants

The NHRC aims to include all children in Norway who do not pass universal NHS and/or CPHL <18 years of age. Hearing loss is defined as pure-tone audiometry average over the frequencies 0.5, 1, 2, and 4 k Hz (PTA4) > 20 dB in at least one ear (Humes, 2019). In addition, CPHL diagnosed before the register was established, will be included at their audiological follow-ups. Caregivers and children receive oral and written information about the register and can decline or opt out from participation.



Coverage

All national medical quality registries are obliged to reach a coverage of at least 80% within 5 years of operation (SKDE, 2024). Analysis for the coverage will be performed based on data from the Norwegian Patient Registry, which covers all public specialist health-care services in Norway, including private institutions and medical specialists contracted to the regional health authorities (Bakken et al., 2020).

The NHRC is in collaboration with the Swedish Hearing Register for Children developing a valid procedure for measuring the coverage rate.



Data collection

Data are collected at the ENTs at inclusion and at follow-ups at the child’s age of 3, 6, 10, and 15 years. The web-based medical registration system (MRS) is utilized to collect data and consists of two schemes: Initial registration form and Follow-up forms. By completion, data is transferred to a national data base. Data collected are patient demographics, data from NHS, outpatient referral, diagnostic and medical hearing evaluation, intervention, and patient reported outcome measures (PROM). Specifications are listed in Table 1.



TABLE 1 Illustrate a brief description of the main variables in the NHRC.
[image: Table1]



Patient reported outcome measures

PROM are electronically reported by caregivers using three questionnaires:

Pediatric quality of life (PedsQL) measures health-related quality of life in healthy children and adolescents and those with acute and chronic health conditions (Varni et al., 2001). Four multidimensional scales measure the core dimensions of health as delineated by the World Health Organization (WHO, 1995), as well as role (school) functioning: physical, emotional, social and school functioning. Caregivers answer questions about their child’s quality of life aspects over the past month at the NHRC’s follow-ups at age 3, 6, 10, and 15 years old.

Strengths and difficulties questionnaire (SDQ) is a short questionnaire that maps psychosocial functioning in children and adolescents (Goodman, 2001). It is not a diagnostic tool, but a mapping chart. The questionnaire has 25 statements about children, where caregivers should indicate whether each statement is appropriate for their child, based on the last six months. The questions are divided into five scales: emotional symptoms, conduct problems, hyperactivity/inattention, peer relationship problems, and prosocial behavior (Goodman, 1997). Caregivers answer the questionnaire at the NHRC’s follow-ups at age 6, 10, and 15 years old.

Parents evaluation of aural/oral performance of children (PEACH+) is used to evaluate the effectiveness of hearing aids/cochlear implants and provides an assessment of the child’s hearing and listening in noise and non-noise situations (Ching and Hill, 2007). Caregivers are asked to answer how often their child displays different types of listening behavior (e.g., recognizes the voices of familiar people). In addition, the caregivers indicate how easy or difficult they think the situation is for the child. Caregivers answer the questionnaire at the NHRC’s follow-ups when children are 3, 6, and 10 years old.



Quality indicators

The design and variables of the NHRC covers the national guidelines for NHS and the intervention of CPHL (aged 0–3 years) (Helsedirektoratet, 2016a,b). The registers steering committee decide on quality indicators reflecting the national guidelines and best practice. The quality indicators are continuously evaluated and updated. The initial indicators were chosen to improve NHS, targeted CMV screening and early intervention, following the 1–3-6 rule.

Based on these guidelines, four quality indicators are established:

• The proportion of children with false positive results at newborn hearing screening

• The proportion of children tested for cCMV within 3 weeks of age in children with referred newborn hearing screening

• The proportion of children receiving diagnostic hearing evaluation within 3 months of age

• The proportion of children with initiated intervention within 3 months after confirmation of hearing status

The quality indicators are continuously displayed for each hospital along with national results for the last 12 months in the register web-solution MRS.



Legal aspects and ethics

The NHRC is approved by The Norwegian Directorate of Health and operates in accordance with Norwegian legislation: the Health Data Filing System Act and the Health Personnel Act. The handling of personal data in the register are also regulated by the General Data Protection Regulation and the Personnel Data Act. Before inclusion at the ENT, the caregivers and children are informed about the NHRC in oral and written form, the longitudinal follow up until adulthood and their right to decline registration. The information includes possible future use of the data in research. If families opt out, this is noted in the web-based register solution, and further communication ceases (including PROMS).

According to Norwegian legislation, the NHRC do not need signed consent from the individual registered patient. When registered, children remain in the NHRC indefinitely with infrequent follow-ups. The caregivers have the right to know what information has been recorded, request correction and have all their data deleted from the register. All research conducted on data from the NHRC must be approved by the regional committees for medical and health research ethics and approval must be obtained before use of data. The children and their caregivers may be contacted for additional consent for specific research questions not covered by the register. If a single registration unit wants to use their own data for quality improvement, no approval is needed.

When receiving the electronic PROMs, the caregivers must give consent to each questionnaire in order to answer. Thus, it is considered ethically sound.

The NHRC was officially launched in January 2023, and by 2024, all hospitals report data to the register. Information material have been prepared such as patient information about privacy and reservation rights, user manuals for registration and patient responses, available at the registers web-page (NHRC, 2024).




Results

Results presented in this paper are preliminary findings. All current ENT departments have started including CPHL during the first year after establishment of the register, a total of 36 units. After the first year of collecting data, we do not have a correctly estimated coverage rate. This means that, for the time being, one must be careful with the interpretation of preliminary results based on data from the register.

About 2,200 children were included during the first year of operation. This number represents 681 infants with referred NHS in 2023. The remaining number of children are diagnosed with later onset hearing loss during 2023 or previously diagnosed CPHL before the register was launched.

Due to the recent launch, we choose to present a few selected results from the NHS. A number of 681 newborns were included based of referred NHS. Of these newborns, 14% (n = 93) were diagnosed with congenital permanent hearing loss. Among these newborns, the distribution was 2/3 with a bilateral hearing loss and 1/3 with a unilateral hearing loss.

Of the 681 newborns with referred NHS, a CMV test was confirmed in 71% (n = 480) and not performed in 8%. It is unknown whether the test was performed in 21% of the newborns. The results from the confirmed CMV tests were negative in 90% (n = 433), unknown in 9% and positive in 1%. Of the six CMV positive newborns, two were diagnosed with a permanent hearing loss.



Discussion

The register will provide knowledge about a population that until now has been difficult to access in Norway. Among other things, epidemiological research has been challenging, both nationally and internationally. The consequence is that knowledge about CPHL has been based on small clinical studies or deals with sub-groups within the population. The establishment of a national quality register with a whole-population sample that follows children from NHS until they are adults is unique.

Aggregation of data from other national and international registries to compile data will increase knowledge of the population. The Norwegian Neonatal Network database contains information on all patients admitted to the country’s neonatal wards, both sick children born after full-term pregnancy and children born prematurely. Aggregation of data between the two registries will provide valuable, supplementary information regarding this sub-population. Collaboration with international registries may form basis for observational and intervention research (ANCHOR, 2024; Nationellt kvalitetsregister för öron-, näs- och halssjukvård, 2024).


Guiding values in the development of the register

In Norway, focus has been on early hearing detection and intervention to facilitate the children’s optimal outcome. The NHS, early amplification and early language interventions based on best practice protocols has been key tools to optimize communication and linguistic competence. However, the longitudinal perspective with the CPHL and their families in focus, including long-term developmental, educational, and psychosocial outcomes and health-related quality of life, has been lacking.

By designing the NHRC within a holistic perspective that follows children with all degrees of permanent hearing loss from birth to adulthood, the multi-professional team has provided an evidence-based tool to provide the best possible care for children both at present and in future. We believe that the involvement of the professional and user organizations has been a key-factor in the flying start of the NHRC, and reflects the strong demand in the professional societies for transparency and quality improvement.

When developing the register, the importance of maintaining simplicity to avoid complications and ensure effective data collection was emphasized. At the same time, it was important to focus on holistic treatment and follow-up of CPHL, which led to the register containing quite a few variables. A number of adjustments were made in connection with piloting the register before national launching. This work was carried out with the intention to help mitigate the risk of incomplete data collection.

The structure and variables are partly based on the Swedish Hearing Register for Children, which was established in the 1990s and reinvented in 2019. Main differences between the two registries are the registration of data from the NHS, CMV-testing, and PROM in Norway. National registries with uniformly defined variables, common structure and congruent methods of data collection facilitates aggregation of data, analyses and evaluating outcomes from CPHL in the Nordic countries.

Number of participants in the NHRC increases rapidly due to inclusion of children with previously established diagnose before the register was launched, included continuously at their audiological follow-ups. This solution requires great effort from the registrars in collecting information from previous medical records. However, we believe participation in NHRC will provide a structured follow-up for these children based on national guidelines. This can increase geographical equalities in intervention and improvement of the program, and provide valuable knowledge which can lead to future changes in the national NHS, diagnostics and intervention program. Due to the longitudinal design, data from the NHRC will be a unique source for research, facilitating study designs with a long follow-up time. Studies based on registries can provide useful insights into topics that for ethical or practical reasons cannot be investigated in randomized trials (Ludvigsson et al., 2015).

The main challenge with a quality register is to achieve representable results through high coverage and completeness of register data, along with high positive predictive values of the indicators included in the register. The web-based solution is designed to avert missing data and reduce loss to follow up. Selected variables are defined as compulsory to registration. An updated overview over the units` completed and future registrations are provided in real-time. Electronical reminders are automatically sent to caregivers who do not complete the PROM questionnaires. In addition, data quality procedures are implemented to reduce missing data regarding clinical registrations and reminders to caregivers. In future, the register will pursue this focus to reduce loss to follow up and ensure representative data for the population. As part of this, newsletters to the units and caregivers covering results from the NHRC are important.

However, as a newly launched register, the method for coverage rate analysis is challenging, based on the complexity of the register. In collaboration with the experienced Swedish register, work is in progress. All national medical quality registries are obliged to reach a coverage of at least 80% within 5 years of operation (SKDE, 2024). The 100% participation ENTs during the first year of operation bodes well for future high coverage.

In addition to high coverage and completeness of variables, data collected must be valid and reliable. These are prerequisites to draw reliable conclusions from data for use in quality improvement and research. In 2024 the NHRC started a data-validation study to assess inter-rater reliability and correctness, an important part of the requirements set for the national MQR.



Quality indicators

Measuring quality is a crucial part of the shift towards value-based health care. By measuring the outcome of patient health care, quality improvement can be initiated where professionals are provided to learn from each other in addition to use in research. The quality indicators defined in the NHRC provide a continuous measure of the quality for the program and can be used to monitor clinical practices. There is also a need to inform decision makers, healthcare providers and the public about the quality of care.

Results from the quality indicators are presented in a national web-site (SKDE, 2024). QI presented in the MRS enable each hospital to monitor their scores continuously and compare them with national levels in real time. This facilitates and accelerates identification of improvement areas in the hospitals and will be an important contributor for quality improvement in NHS, diagnostics and audiological intervention for Norwegian children. In addition, the QI can also be used to illustrate the effect of local quality projects.

However, completeness of variables may vary, both between different ENTs and between different variables in the register. This may influence the validity of the results on the QI, and whether they are representative for the population. Therefore, it is of paramount importance to have procedures which ensure validated data and high completeness in the register, as previously shown in a validation study from the Norwegian Tonsil Surgery Register (Wennberg et al., 2024).

In addition, there are plans for future data reports to meet the different requirements of the users. Preparations for research studies are made, where data from the register will be an important source. Data from MQR with relevant and reliable results are used more and more in research and as a basis for forming public health policy.



Newborn hearing screening

An evaluation in 2017, revealed geographical differences in complying with the national guidelines for NHS and need for quality improvement (Mattsson, 2017). The Norwegian healthcare system is available to all residents. However, due to the elongated country with sparsely populated areas, many residents have long traveling distances to medical or educational services. Although NHS is conducted at all hospitals at birth unit, the limited availability of diagnostic and intervention clinics for children with hearing loss pose challenges.

Based on the annual birth rate and a well-functioning screening program, the anticipated referral rate of NHS is about 3–4% (Wood et al., 2015). Due to the gradual start of the register in 2023, a valid referral rate is not yet provided. Of the 681 children with referred NHS, 86% pass the follow-up tests. High rates of false-positive neonatal screens for CPHL may lead to unnecessary parental worry, affect the interaction between caregivers and children in a vulnerable phase and increase costs for the government (Kennedy et al., 2000). The NHRC will identify the rate of false-positive neonatal screens. Exploring key factors in well-functioning local screening units are useful and can be implemented in quality improvement projects in units with unsatisfactory rates of false-positive neonatal screens.



Congenital cytomegalovirus

It is well recognized that children with cCMV infection have increased risk for delayed onset, fluctuating and progressive SNHL, with higher incidence in symptomatic children (Fowler et al., 1997). However, the prevalence and negative impact for the Norwegian pediatric population still remain unclear. By implementation of the NHRC results of the hearing targeted CMV screening in Norway are documented. Early identification of cCMV provides opportunities for focused surveillance and early FCEI to optimize the child’s development and language in case of hearing loss (Cannon et al., 2014; Demmler-Harrison, 2016).

In the Nordic countries, Norway is the first to implement hearing targeted early CMV screening. The preliminary results from the NHRC shows that the CMV test was performed in 71% of the children who did not pass the initial hearing screen. It is feasible for the hearing screeners to tests for CMV from saliva or urine in referred newborns. However, results indicates that despite national guidelines, hearing targeted CMV screening in newborns are still not fully implemented in clinical practice. In 21% of the newborns, the ENTs lacked information whether the test was performed. This may reflect defaults in informational float between screeners and ENTs. According to preliminary data, in 8% of the newborns the CMV test was not performed in connection with refer on the NHS. Together with the proportion of unknowns, this high number indicates a need for quality improvement. There is probably great potential in improving local routines for how the tests are performed, documented and retrieved by screeners, audiologists and doctors.

In order to improve the existing low rate of targeted CMV screening, the NHRC will initiate a quality improvement project. In 2025, all neonatal and ENT units will be invited to participate, areas of improvement identified and action initiated. Data before and after initiation will be measured and the results directly informed to clinical practice and presented on national conferences. In addition, focus on the national web-site displaying the quality indicators provide a vehicle to monitor, bring awareness to and improve the rate of targeted CMV screening.

There is evidence of antiviral therapy leading to improved hearing and neurocognitive prognosis in newborns with symptomatic cCMV (Kimberlin et al., 2015; Korndewal et al., 2015). However, data supporting the treatment of asymptomatic infants with antivirals is lacking. Early diagnosis provides opportunities for audiological follow up to identify late onset hearing loss, however the effect of FCEI in normal hearing children are not documented. In total, existing evidence is scarce and often based on small, heterogeneous groups with limited follow-up time. Data from NHRC will in future contribute to research on this field providing a unique source for longitudinal research on children with cCMV related hearing loss. Data from the register will provide knowledge about the effectiveness of a hearing targeted early cCMV approach and contribute to the decisions of policy makers in a potentially future universal cCMV screening.

Children with cCMV may pass newborn hearing screening because almost half present with delayed onset of hearing loss. Those with residual hearing are at significant risk for progression and, therefore, require careful audiologic monitoring.



Children with mild hearing loss

Children with mild hearing loss may not be identified through NHS due to limitations of the test equipment or testing methodology used, but can later be diagnosed with permanent hearing loss. These children risk not receiving timely FCEI and remain underserved, and are as a group less frequently subject to research. Laugen has shown early detection of the hearing loss predicts better psychosocial outcomes, whereas degree of hearing loss does not affect psychosocial outcomes. FCEI is crucial for all degrees of hearing loss, including milder cases. Addressing hearing loss early can greatly impact a child’s overall well-being and future success (Laugen et al., 2016). Language outcomes for moderate to severe hearing loss has improved with timely FCEI, while this is not the case for mild hearing loss (Carew et al., 2018). Screening and intervention services must recognize the significance of early action for all degrees of hearing loss, both for language development and psychosocial development. The NHRS focus on this group of children, reflected in the hearing threshold level (PTA4 > 20 dB HL), the longitudinal register design and the holistic perspective.



Patient reported outcome measures

The assessment of outcomes based on the patient’s perspective are increasingly accompanying the traditional clinical ways of measuring health and the effects of treatment. Quality registries including PROM can identify areas requiring improvement and evaluate the effects of changes in practice. Results from the Norwegian Tonsil Surgery Register has contributed to a change in clinical practice regarding tonsil surgery and improved patient treatment (Bugten et al., 2022).

PROM are valuable tools in NHRC for assessing children’s functioning, as they provide a holistic supplement beyond the audiological perspective. Parents have intimate knowledge of their child’s behavior and experiences, offering insights that may not be apparent during a brief clinical evaluation. This approach enhances the understanding of the child’s overall development and aids in tailoring interventions to their specific needs.

Using PROM may be helpful in evaluation of outcome in different patient populations in NHRC. Information from caregivers in clinical consultations lay the ground for structured communication for each child and enhance higher levels of family involvement. On the other side, collecting sensitive information about quality of life and psychosocial functioning in NHRC may and has been debated. In the development of the register, caregivers emphasized the choice of PROM questionnaires and the importance of assessing the child in a broad perspective. In addition, including PROM in the NHRC introduces a new, standardized tool for the audiological professionals.



Future perspective

The vision is that the NHRC will be used in an active way as metrics for continuous learning, quality assurance, improvement, benchmarking and research to create the best health care together with the individual child.

Moreover, by utilizing data from quality registries, healthcare stakeholders can make informed decisions regarding resource allocation, policy development, and prioritization of healthcare initiatives, ultimately contributing to the shift towards value-based healthcare (McNeil et al., 2010; Larsson et al., 2012).

The NHRC will be an important source for monitoring of children with hearing loss in Norway, contributing to increased knowledge about the population within a holistic perspective. We believe that the register can contribute to a more structured follow-up of children with hearing loss, with an awareness of the treatment situation based on national professional guidelines. We strive to future, the range of data collected within a whole-population sampling frame.
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