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iHear: Canadian medical student based hearing assessment program for grade school children using a tablet audiometer
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Abstract
Purpose
To evaluate the progress and challenges of a hearing screening program as well as review the incidence of pediatric hearing loss in grade school children participating in this program.

Methods
Medical students from the University of Ottawa established iHear, a grade school hearing assessment program that uses novel tablet audiometry. Over 3 years, children in grades 1 and 2 were assessed and those found to have abnormal results on iHear assessment were then referred to audiology for formal testing, and to otolaryngology if needed.

Results
From 2014 to 2017, 753 children aged 5–9 years old were assessed for hearing loss. Mean age of participants was 6.7 years, 51.9% of whom were female. Of the children assessed, 86 (11.4%) had abnormal results and 6 (0.8%) had inconsistent results, necessitating 92 referrals for assessment by a professional audiologist. Of the 65 participants who completed secondary audiologic assessment, 54 (83.1%) were normal and 11 (16.9%) had a definitive hearing loss or abnormal tympanometry. A total of 32 children were lost to follow-up. A total of 118 medical students were involved in the iHear program.

Conclusions
Hearing loss in grade school populations continues to go undetected across Canada. Programs such as iHear demonstrate that gaps in the provision of hearing assessment can be filled effectively by medical students equipped with tablet audiometry. Medical student exposure to audiology and otolaryngology increased through the iHear program.
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Introduction
Over 34 million children are affected by disabling hearing loss (HL) worldwide [1]. Without proper detection of HL, children may experience delays in language acquisition, impaired intellectual and social development, increased rates of mental illness, and downstream under- and un-employment [1–6]. Early identification of HL, along with timely intervention, proper treatment, and ongoing audiology support can prevent these negative outcomes [3, 7]. Interventions may include the fitting of hearing aids or cochlear implants as well as services such as speech therapy and aural rehabilitation [1].
The American Academy of Paediatrics recommends that “objective screenings for hearing impairment should be performed periodically on all infants and children” [8]. Despite this, no HL screening program exists for school-aged children in Canada [5].
Historically, childhood HL screening programs have been limited by access to audiology services [5]. Soundproof booths, desktop audiometers, and professionally trained audiologists are the gold standard for audiometric assessment but come at a cost. SHOEBOX® Audiometry (SHOEBOX Ltd., 2018) is a tablet audiometry application that has demonstrated 93.3% sensitivity and 94.5% specificity for hearing loss when compared with conventional desktop audiometry in a sound booth [9]. It has also demonstrated robust utility in providing hearing assessments to Canada’s healthcare resource-limited North [10].
To address the lack of grade school hearing assessments in Ontario, medical students from the University of Ottawa have developed iHear, a grade school hearing assessment program. The program uses tablet audiometry to screen children in grades 1 and 2 for hearing impairment in the Ottawa region [11]. Children flagged for possible HL are referred to audiology for a more detailed assessment, and subsequently to otolaryngology as needed. The iHear program documents outcomes at all stages of this process to better define rates of HL in the Ottawa grade school population and to quantify referral effectiveness.
This paper aims to evaluate the iHear hearing assessment program and to report on the incidence of paediatric HL in grade school children participating in this program.
Methods
Ethics approval
This study was approved in full by the Children’s Hospital of Eastern Ontario Research Ethics Board (protocol 14/170X), the University of Ottawa’s Office of Research Ethics and Integrity (protocol A02-15–01), the Ottawa-Carleton Research and Evaluation Advisory Committee, and involved schoolboards.
iHear medical student recruitment and training
iHear technicians were recruited annually from 1st and 2nd year cohorts of the University of Ottawa Medical Undergraduate program. Prior to participation on any school visit, the medical students were required to attend a full 2-h training session in which they were familiarized with consequences of HL, hearing anatomy, causes of HL, otoscopy, and audiometry, and given practical training with otoscopes and the tablet audiometer. Alternatively, students could complete AE100: Audiometry Essentials, an online training module developed to provide a foundational understanding of audiometry and hearing assessment, and then attend a 1-h practical training session with otoscopes and tablet audiometers. Training was provided by an Otolaryngologist as well as medical student iHear executive members who had extensive involvement in the program and additional training.
Hearing assessment and follow-up
Schools in the Ottawa region were contacted annually to arrange school visits. During each visit, children in grades 1 and 2 underwent a hearing assessment using SHOEBOX® Audiometry, an iPad-based mobile audiometer (Fig. 1). Automated pure tone air conduction audiometry was performed with the audiometer application and TDH-50 audiometry headphones. Children were defined as having an abnormal result if any of the hearing thresholds obtained at 1000, 2000, and 4000 Hz were ≥ 20 dB HL, or ≥ 30 dB HL at 500 Hz in one or both ears. Children who were determined to have an abnormal or a persistently inconclusive result based on the tablet audiometry were referred to the University of Ottawa Interprofessional Rehabilitation Clinic for conventional audiometry including bone conduction audiometry, tympanometry, and otoacoustic emission testing. If an abnormality was present at conventional audiometric assessment, children were referred to an Otolaryngologist for further medical follow-up.[image: ../images/40463_2021_542_Fig1_HTML.png]
Fig. 1SHOEBOX tablet audiometer application on a tablet computer paired with TDH-50 audiometry headphones (A) and in-application audiogram displaying bilateral HL at 4000 Hz (B)


Statistical analysis
Data analysis was performed using Microsoft Excel 2016 software (Microsoft Office 365 ProPlus, Version 1708, Build 8431.2250). Graphs were produced using GraphPad Prism software (GraphPad Software, Version 6.01).
Results
Between September 2014 and May 2017, the Ottawa iHear program recruited and assessed 753 grade school children for HL in the Ottawa region (Fig. 2). Participants ranged in age from 5 to 9 years old. The majority (88.8%) of participants were 6 or 7 years old with a mean age of 6.7 years at time of assessment. Female participants made up 51.9% of the study population.[image: ../images/40463_2021_542_Fig2_HTML.png]
Fig. 2Annual iHear program demographics. Number (A), age (B), and gender (C) of children assessed in each respective year of the program. M, male, F, female


Of the 753 children assessed as part of the iHear program, 86 (11.4%) had abnormal results and 6 (0.8%) had inconsistent results, necessitating 92 referrals for assessment by a professional audiologist (Fig. 3). Of the referred participants, 27 were lost to follow-up (LTFU) and 65 completed audiologic assessment at the University of Ottawa Interprofessional Rehabilitation Clinic or the Children’s Hospital of Eastern Ontario. Mean time to audiologic assessment from iHear assessment was 69.2 ± 77.6 days (Table 1). Upon conclusion of audiologic assessment, 54 (83.1%) were normal and 11 (16.9%) had a definitive HL or abnormal tympanometry. As such, the abnormal hearing positive predictive value of iHear assessment is 16.9%. Of the 11 cases of abnormal outcome on audiologic assessment, 8 were conductive HL, 2 were sensorineural HL, and 1 was isolated abnormal tympanometry. As per protocol, all 11 abnormal cases were referred for further assessment by an Otolaryngologist. Of those referred to otolaryngology, 5 were LTFU and 6 were assessed by an Otolaryngologist at the Children’s Hospital of Eastern Ontario. Mean time to otolaryngology from iHear assessment was 299.8 ± 162.8 days. In total, 32 children were LTFU. The most common reason for a child to be LTFU was due to lack of reliable contact information (no response when called, incorrect phone number, discontinued phone number). Additional reasons included refusal of services by a parent/guardian, language barrier, and follow-up elsewhere such that results were not accessible by the research team.[image: ../images/40463_2021_542_Fig3_HTML.png]
Fig. 3iHear assessment outcomes. WNL, within normal limits; LTFU, lost to follow-up; ENT, otolaryngology


In the first 3 years of the iHear program, 9 training sessions were held and 118 medical students were trained as iHear technicians (Table 2). Thirteen schools were involved in the program and 46 visits took place. On average, 16.4 children were assessed per visit.
Discussion
Of the 753 children assessed by iHear, 11.4% had abnormal results (Fig. 3). This is greater than the 5.4% prevalence of HL in Canadian children aged 6–11 reported by Feder et al. [12]. The observed discrepancy in HL prevalence could be related to a number of factors in the present work such as inclusion of children with otoscopic abnormalities (ear infection, excess cerumen), administration of assessment by 1st and 2nd year medical students versus health measures specialists trained by a certified audiologist, difference in age range (5 to 9 versus 6 to 11), and geographic differences in HL prevalence between Ottawa and the rest of Canada. Furthermore, in the current work, the threshold for background noise was exceeded on a few visits due to lack of quiet room availability on school property. The shortage of quiet rooms may have affected the quality of the program [13].
Of those referred to audiology for evaluation, 11 of the 65 who completed assessment had a definitive HL (Fig. 3). As such, the iHear program has a positive predictive value for abnormal hearing of 16.9%. Middle ear pathologies associated with conductive HL such as acute otitis media or otitis media with effusion are common in the assessed age group and resolve spontaneously in most cases within 3 weeks or 3 months, respectively [14–16]. Given that the mean time between iHear and audiologic assessment was 69.2 days (Table 1), it is difficult to make conclusions on the positive predictive value and the true value of iHear assessment is likely higher [10]. While no comparable school-age HL screening program currently exists in Canada [5], in 2008/2009 the Gift of Sight and Sound program allocated resources to perform mobile audiometry, tympanometry, and otoacoustic emission testing at 6 schools in the Toronto area. Assessment was performed by international physicians and health care professionals from the Canadian Hearing Society. The program referred 27 children on for audiologic assessment and had a positive predictive value of 20.7% [5]. It is encouraging that the positive predictive value of the iHear program was similar given the singular use of novel tablet play audiometry performed by medical students.
Following iHear referral, consultation with otolaryngology was completed in 6 cases with a mean time between iHear and otolaryngology assessment of 299.8 days (Table 1). Accounting for the mean time to audiology of 68.2 days, this is still a wait of almost 8 months to see a specialist regarding hearing outcomes and is in keeping with Health Quality Ontario data that shows 56% of pediatric otolaryngology patients are assessed within target time at the Children’s Hospital for Eastern Ontario [17]. This emphasizes a need for increased access to pediatric otolaryngology services.
Developed from the ground up by medical student volunteers, the iHear program has achieved great popularity at the University of Ottawa Faculty of Medicine. Over the first 3 years of the program 118 medical students have been involved as iHear technicians (Table 2). This volunteer base represents roughly one quarter of the University of Ottawa undergraduate medical student population. Mean volunteer commitment was 7.73 h (data not shown), including at least 2 h of training in audiometry, with the balance spent at schools performing hearing assessments. According to the University of Ottawa Undergraduate Medical Education curriculum, students receive a cumulative 7 h of lectures and practical exposure to hearing and audiology. Thus, through recruitment of medical students to the iHear program, exposure to audiometry is effectively doubled.
The iHear program exists through collaboration with the University of Ottawa Interprofessional Rehabilitation Clinic and Otolaryngologists at the Children’s Hospital of Eastern Ontario. Unfortunately, despite the best efforts of these organizations and the iHear executives, one of the largest issues faced by the program was the number of children LTFU. The most common reason for a child to be LTFU was due to lack of reliable contact information. Similar issues with follow-up were experienced by the Toronto-based Gift of Sight and Sound program, with specific barriers identified by interviewing participant’s parents: Lack of medical insurance coverage, lack of accessible transportation, inability for parents to take time off from work, and lack of confidence in navigating the health care system due to cultural and language barriers [5]. To decrease rates of LTFU, additional contact information fields have been added to consent forms and the follow-up process has been optimized through collaboration with the University of Ottawa Interprofessional Rehabilitation Clinic. Future optimization could include identification of the primary language spoken at home to aid follow-up planning as well as correlate with assessment outcomes.
In summary, the Ottawa iHear program has employed novel mobile audiometry technology in assessing 753 children over 3 years, identifying otherwise undetected cases of HL and connecting affected individuals with the healthcare resources they require. While the assessed cohort represents only a small proportion of children within the Ottawa area, it reflects a much larger need for grade school hearing assessments locally, provincially, and nationally. To that end, the iHear program has expanded to medical school campuses at the University of Saskatchewan, McGill University, and Dalhousie University. While expansion of the iHear program will provide access to hearing assessments for more children across Canada, the program as it stands is inherently limited to cities associated with medical school campuses.
Conclusion
In conclusion, hearing loss in grade school populations continues to go undetected across Canada. Programs such as iHear demonstrate that gaps in hearing assessment service provision can be filled effectively by local technicians equipped with novel tablet play audiometry.Table 1Time from iHear testing to audiology and otolaryngology assessment


	Mean time from iHear assessment
	Time ± standard deviation (days)

	To audiology
	69.2 ± 77.6

	To otolaryngology
	299.8 ± 162.8



Table 2Annual iHear Ottawa program metrics


	Program metric
	Year 1
	Year 2
	Year 3
	Total

	Training sessions held
	4
	2
	3
	9

	Medical students trained
	40
	38
	40
	118

	Participating schools
	8
	4
	6
	13a

	School visits
	14
	13
	19
	46

	Children assessed per visit
	17.9
	16.5
	15.2
	16.4


aRepresents the total number of unique schools visited by iHear, as some schools were visited in multiple years



Acknowledgements
We would like to acknowledge Josée Lemaire and the Interprofessional Rehabilitation Clinic for their efforts to provide accessible hearing assessments. Additionally, Renée Lefrançois provided critical advice in implementing a community hearing assessment program. Lastly, Pourya Masoudian and Sawyer Bonin are to be acknowledged for their exceptional efforts within the iHear organization.

Authors' contributions
DSC and MB obtained ethics approval, school board approval, insurance for school visits, grants and established the iHear medical student interest group. DL and AR obtained renewals for various applications. DL, AR, DSC, DC, and YW participated in school visits with the iHear program. DL and AR analyzed and interpreted the patient data and were major contributors in writing the manuscript. AF, JM and MB were primary editors of manuscript. All authors read and approved the final manuscript.

Funding
Our research team has been awarded grants from Grand Challenges Canada, Natural Sciences and Engineering Research Council of Canada, Children’s Hospital of Eastern Ontario Department of Surgery, and the University of Ottawa. We also were given full use of the SHOEBOX Audiometry through SHOEBOX Ltd. without fee.

Availability of data and materials
All data generated or analysed during this study are included in this published article.

Declarations
Ethics approval and consent to participate
This study was approved in full by the Children’s Hospital of Eastern Ontario Research Ethics Board (protocol 14/170X), the University of Ottawa’s Office of Research Ethics and Integrity (protocol A02-15–01), the Ottawa-Carleton Research and Evaluation Advisory Committee, and involved schoolboards including the Ottawa-Carleton District School Board, the Ottawa Catholic School Board, and Conseil des écoles publiques de l'Est de l'Ontario.

Consent for publication
Our consent form parents/legal guardians complete gives permission for children involved in iHear to be photographed with no faces nor identifiers.

Competing interests
Dr. Matthew Bromwich is a founder, board member, and CMO of SHOEBOX Ltd., the company responsible for the production of SHOEBOX® Audiometry. Dr. Amy Fraser is the manager of research and data analytics at SHOEBOX.



References
	1.
World Health Organization. Deafness and Hearing Loss. In: Newsroom fact sheets. WHO. 2021. Accessed 15 May 2021.

	2.
Fitzpatrick E. Neurocognitive development in congenitally deaf children. Handb Clin Neurol. 2015. https://​doi.​org/​10.​1016/​B978-0-444-62630-1.​00019-6.CrossrefPubMed

	3.
Ganten D, Griffin G et al. A call for action to strengthen healthcare for hearing loss. In: iap statement 2015. The interacademy partnership. 2015. http://​www.​interacademies.​org/​44781/​A-Call-for-Action-to-Strengthen-Healthcare-for-Hearing-Loss-March-2015. Accessed 9 Oct 2018.

	4.
Fellinger MJ, Holzinger D, et al. Motor performance and correlates of mental health in children who are deaf or hard of hearing. Dev Med Child Neurol. 2015. https://​doi.​org/​10.​1111/​dmcn.​12814.CrossrefPubMed

	5.
Wang C, Bovaird S, et al. Vision and hearing screening in school settings: reducing barriers to children’s achievement. Paediatr Child Health. 2011. https://​doi.​org/​10.​1093/​pch/​16.​5.​271.CrossrefPubMedPubMedCentral

	6.
Baltussen R, Li J, et al. Costs of screening children for hearing disorders and delivery of hearing aids in China. BMC Health Serv Res. 2009. https://​doi.​org/​10.​1186/​1472-6963-9-64.CrossrefPubMedPubMedCentral

	7.
Cowan R. Early intervention programs to assist children with hearing loss develop spoken language. In: A social cost benefit analysis. Firstvoice. 2011. http://​www.​firstvoice.​org.​au/​/​wp-content/​uploads/​2016/​09/​02-Social-cost-benefit-analysis-summary-report-2.​pdf. Accessed 9 Oct 2018.

	8.
Harlor ADB Jr, Bower C, et al. Hearing assessment in infants and children: recommendations beyond neonatal screening. Pediatrics. 2009. https://​doi.​org/​10.​1542/​peds.​2009-1997.CrossrefPubMed

	9.
Yeung J, Javidnia H, et al. The new age of play audiometry: prospective validation testing of an iPad-based play audiometer. J Otolaryngol Head Neck Surg. 2013. https://​doi.​org/​10.​1186/​1916-0216-42-21.CrossrefPubMedPubMedCentral

	10.
Rourke R, Kong DCC, Bromwich M. Tablet audiometry in Canada’s North. Otolaryngol Neck Surg. 2016. https://​doi.​org/​10.​1177/​0194599816644407​.Crossref

	11.
Lefrançois R, Stefanelli G. The case for tablet audiometry. In: Canadian audiologist. Canadian Academy of Audiology. 2016. http://​canadianaudiolog​ist.​ca/​the-case-for-tablet-audiometry-feature/​. Accessed 9 Oct 2018.

	12.
Feder KP, Michaud D, et al. Prevalence of hearing loss among a representative sample of Canadian Children and Adolescents, 3 to 19 years of age. Ear Hear. 2017. https://​doi.​org/​10.​1097/​AUD.​0000000000000345​.CrossrefPubMed

	13.
Bamford J, Uus K, Davis A. Screening for hearing loss in childhood: issues, evidence and current approaches in the UK. J Med Screen. 2005. https://​doi.​org/​10.​1258/​0969141054855256​.CrossrefPubMed

	14.
Rosenfeld RM, Kay D. Natural history of untreated otitis media. Laryngoscope. 2003. https://​doi.​org/​10.​1097/​00005537-200310000-00004.CrossrefPubMed

	15.
Tos M. Epidemiology and natural history of secretory otitis. Am J Otol. 1984;5:6.

	16.
Monasta L, Ronfani L, et al. Burden of disease caused by Otitis media: systematic review and global estimates. PLoS ONE. 2012. https://​doi.​org/​10.​1371/​journal.​pone.​0036226.CrossrefPubMedPubMedCentral

	17.
Health Quality Ontario. Pediatric patients (under 18) wait time to first surgical appointment. In: System performance wait times for surgeries. HQ Ontario. 2018. http://​www.​hqontario.​ca/​System-Performance/​Wait-Times-for-Surgeries-and-Procedures/​Pediatric-Wait-Times-for-Surgeries/​Time-to-Pediatric-Patients-First-Surgical-Appointment. Accessed 9 Oct 2018.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		iHear: Canadian medical student based hearing assessment program for grade school children using a tablet audiometer


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40463_2021_542_Fig1_HTML.png
ase cansult an audiologi
1K1 0, 4K 40,

au Results from the testindicate that hearing Loss was present at these






OEBPS/css/envelope.png





OEBPS/images/40463_2021_542_Figa_HTML.png
Lammers D, Rocker A, Chan DS, Coughman D, Wang Y, Fraser A, MacCormick J, Bromwich M

OBIJECTIVES METHODS
Evaluate grade school Children in grade 1and 2

hearing screening program assessed with iIHEAR program
using novel tablet => Formal testing done if
audiometry abnormal results

JOURNAL OF OTOLARYNGOLOGY - P '

(&—
HEAD & NECK SURGERY —Q
"lu_

THE OFFICIAL JOURNAL OF THE CANADIAN SOCIETY OF OTO-HNS





OEBPS/images/40463_2021_542_Fig3_HTML.png
753 Children
tested by iHear

27 LTFU

65 Completed
testing by audiology

5SLTFU

6 Seen by ENT






OEBPS/css/sidebar.gif





OEBPS/images/40463_2021_542_Fig2_HTML.png
>

Number of Children

Number of Children

(9]

Number of Children

400+

300+

150 -

100+

504

200
1004

Year 1 Year 2 Year 3

150 -

N N N

1

DOADO  HD0AD0 HO0ADO
Age (years)






