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Abstract 

Aim: To examine the hearing screening system in Västerbotten (i.e. a county in northern 
Sweden as it is implemented today.   
Methods: A population-based retrospective study. At four-year health visit information about 
results from hearing screening tests have been collected on all children born in Västerbotten 
2006-2011 (n=16969). This database has been supplemented with information from medical 
records about all children receiving a hearing diagnosis at the Ear Nose Throat Clinic 
(n=278). In total 202 children met the inclusion criteria.  
Results: The most common international classification of diseases-code was H919 (hearing 
loss, unspecified), n=82. The most common cause of referral reason was screening, n=100 
(49.5%), and pure-tone audiometry is the dominating screening test. “Contact with 
healthcare” accounted for 35.1% (n=71). Total 75 children received a sensorineural hearing 
loss (SNHL) diagnosis. The main reason for SNHL to be referred to an audiology clinic is 
after screening 80.0% (n=60). Pure-tone audiometry detected 31 with a SNHL diagnosis and 
22 received SNHL diagnosis after otoacoustic emission screening.  
Conclusion: To our best knowledge, this is the largest study in Sweden to evaluate the 
hearing screening program. This study shows that pure-tone audiometry at age of four is an 
important method to detect hearing impairment, and surprisingly, pure-tone audiometry 
detects more cases of sensorineural hearing loss than otoacoustic emission tests in the 
hearing-screening program in the county of Västerbotten.  
 
Keywords: Hearing screening, OAE, Pure-tone audiometry, Sensorineural hearing loss. 
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Introduction  

Each year in Sweden, in average 1 out of 1000 of all newborns has a permanent hearing loss, 
and before the age of five the prevalence rises to 2.7 per 1000 (1-3). Identifying hearing 
impairment early in a child’s life is important so that appropriate treatments can be offered to 
optimize hearing and language development (4). The specific treatment decision, depends on 
the severity of the hearing loss and can range from educational efforts to cochlear implants 
(5). More severe hearing loss has a greater impact on speech and language development 
compared to mild and moderate hearing loss (6). Hearing screening of children in Sweden has 
been done since 1960 in different forms (7).  
 
Hearing screening with otoacustic emission (OAE) at the maternity clinic was introduced in 
Västerbotten in October 2005, and Universal new born hearing screening (UNHS) have 
revolutionised the ability to detect hearing impairment in children all over the world. Most 
children with congenital hearing loss have hearing impairment at birth and can therefore be 
detected with UNHS. Thanks to early hearing screening programs the age for detection of 
hearing loss in children has been reduced compared to sporadic detected cases (8). Previously, 
bilateral Sensorineural hearing loss (SNHL) was detected at the age of two, while now within 
the first months of life (9). However, not all cases of hearing loss have been identified by 
OAE in new born children (10).  
 
Congenital hearing loss may go undetected because the parents refuse screening, or due to 
false negative result, or incomplete screening programs. It is therefore important that all 
infants and children undergo objective screening for hearing impairment, especially children 
with risk factors for hearing loss (11). Reported risk factors are low-birth weight, low 
gestational age, craniofacial anomalies, toxoplasmosis, rubella, cytomegalovirus, herpes 
simplex virus, other infections, administration of aminoglycosides and respirator support (10).  
 
Some cases of hearing loss are progressive and become apparent later, others have been 
acquired by infections, or ototoxic medicine, while some are idiopathic (6). Temporary 
conductive hearing loss because of otitis media is common in preschool children (12, 13).  
 
A study in mid-south China showed that 0.77 of 1000 three-to six-year-olds who had 
previously passed UNHS had a delayed-onset hearing loss (14). A study in 2013 from 
Pittsburgh, examined children with sensorineural hearing loss who passed UNHS and found 
that UNHS provided a false sense of security, and that parents and health professionals 
overlook symptoms of hearing loss (15). Thus, it is critical to have a regular hearing screening 
for children in order to detect hearing impairment, and UNHS alone is not enough to detect all 
hearing impairment in children. It has been proposed to use questionnaires and screening for 
risk factors for hearing loss, to identify these cases (10, 16, 17) 
 
In Scandinavia and UK  Universal new born hearing screening with OAE is performed within 
the first days of life and the next hearing screening is performed in connection before the start 
of school (18). The National Board of Health and Welfare in Sweden recommends OAE for 
all new born infants and tone audiometry for all four-year-olds in addition to hearing 
screening at school start (18, 19). At each visit to child health centre parents should be asked 
about the perception of their child's hearing, as studies have shown that parental suspicion has 
a good predictive value for identifying hearing loss (20). 
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Hearing screening with -tone audiometry performed at the age of four was introduced around 
1960 in Sweden and has since then been debated (7). Hedendahl et al. published a study in 
2001 showing that 30% of children with hearing impairment were detected at the age of four 
through hearing screening programme in Norrbotten, Sweden (7). When this study was 
performed (1989-1992) OAE screening had not yet been implemented.  
 
This model of hearing screening programme in Sweden was designed to detect children with 
sensorineural hearing loss and its goal is that no child should start school with an undetected 
hearing loss (7, 12). Earlier, BOEL-test (i.e. gaze orientation by sound) and other distraction 
test were performed, but these are no longer recommended because of low sensitivity. Every 
county council in Sweden offer UNHS with OAE for neonates, but later in the preschool 
period, the hearing screening program varies with the county (21). The National handbook in 
child health provides a minimum recommendation of what Sweden's children are to be 
offered regarding hearing screening.  
 
The purpose of this study is to examine how effective the hearing screening program is in a 
Northern Sweden County (Västerbotten). There is no published evaluation of the Swedish 
hearing screening program as it is implemented today.  
 
The specific aim is to evaluate hearing screening program in preschool children (age 0-72 
months) conducted in Västerbotten county for children.  This has been addressed by 
answering the following questions. When are different types of hearing loss in preschool 
children detected? What percentage of hearing loss in preschool children is detected through 
OAE screening at birth? What percentage of hearing loss in preschool children is detected 
trough pure-tone audiometry at four years of age? What percentage of hearing loss in 
preschool children is detected after suspicion of parents / guardians or language impairment 
or by another disease? Are there any hearing screening tests that display particular 
effectiveness in identifying certain types of hearing loss? Are there benefits of having all 
children tested at the age of four with pure-tone audiometry? 

 
 
 
 
 
 
 
 
 
 
 
 

 

  



Nora Einarsson 
Autumn 2016 
Project work,30 hp 
Läkarprogrammet, Umeå Universitet 

5 

Material and methods 

This project is a population-based retrospective study in preschool children born 2006-2011. 
This report is based on a database on all children born in Västerbotten 2006-2011 collected 
from 3 maternity units and 39 child health centre. The data consists of result on OAE test, 
BOEL- test at 8-9 month of age, and pure-tone audiometry at the age of four, collected and 
compiled by the child-health nurses at the four-year health visits using a form (see Appendix) 
filled in by the person who conducted pure-tone audiometry.  
 
Data of all children born 2006-2011 with ICD code H 900-H 908, H 918 and H 919 from all 
Audiology clinics in Västerbotten (Umeå University hospital, Skellefteå hospital, Lycksele 
hospital) were collected between 2016-10-11-2016-11-03 (n=278). See table 1 for a ICD-code 
overview and diagnosis group explanation (22). This diagnosis list was fused with data 
collected from maternity and child health centres using the national unique identify number 
illustrated in Figure 1. 30 children were not represented in the data from maternity clinic, and 
results of previous screening test results of these children are missing.  
Total study population, n=16 969.  
 
Table 1, explanation of diagnostic codes and diagnosis group. 

ICD-code Diagnosis group Diagnosis group* 
H 900, Conductive hearing loss, bilateral Conductive hearing loss 

(CHL) 
Other hearing loss* 

H 901, Conductive hearing loss, unilateral 
with unrestricted hearing on the contralateral 
side 
H 902, Conductive hearing loss, unspecified 
H 903, Sensorineural hearing loss, bilateral sensorineural hearing 

loss 
(SNHL) 

 

H 904, Sensorineural hearing loss, unilateral 
with unrestricted hearing on the contralateral 
side 
H 905, Unspecified sensorineural hearing loss 
H 906, Mixed conductive and sensorineural 
hearing loss, bilateral 

Mixed conductive and 
sensorineural hearing 

loss 
(MHL) 

H 907, Mixed conductive and sensorineural 
hearing loss, unilateral with unrestricted 
hearing on the contralateral side 

H 908, Mixed conductive and sensorineural 
hearing loss, unspecified 
H 918, Other specified hearing loss Other hearing loss Other hearing loss* 
H 919, Unspecified hearing loss 

 
Screening test 
OAE   
This method was introduced in 1970 by David Kemp et al. By sending in a sound in the ear, 
healthy outer hair cells responded by sending out a low sound. This low sound can be 
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recorded and by signal processing this sound can be distinguished from environmental sound 
(23). This hearing screening test can identify hearing loss at 30dB and more (18). A passed 
OAE test means that the middle ear function and inner ear function is normal. Cochlear 
pathologies affecting inner hair cells and Cranial nerve VII is not detected by OAE (6). If the 
children do not pass OAE at maternity clinic after repeated examination, the next step is to 
evaluate hearing function with Auditory brainstem response (ABR).  This 2-step program in 
which ABR is only used when OAE is abnormal may fail to detect all hearing impairment (3). 
Information about each child's result on OAE is based on information taken from maternity 
hospital records. OAE result consist of “pass”, “deviant”, “not performed” or “missing data”. 
 
BOEL 
BOEL is a screening method launched around 1980 to evaluate hearing, visual and tactile 
development in children below one year of age. The aim was that BOEL should be used as a 
screening methods within health programs in preschool children (24). BOEL has been used in 
Västerbotten County until 2011. No larger studies have evaluated the effect of BOEL not 
being a part of the screening program. BOEL stands for gaze orients after sound and is 
constructed to check the capacity of hearing, sight and attention in children at 8 months of age 
(24). The hearing part of the test is conducted with bells ranging between 4000 and 12500 Hz. 
The bells are placed 20 cm behind the child’s ear. The examiner then moves the bells and 
when the child hears the sound they will turn their head against the sound. Information about 
each child's result on BOEL is based on information taken from child health centres. BOEL 
result consists of “pass”, “deviant”, “not performed” or “missing data”. 
 
Pure-tone audiometry  
Pure-tone audiometry is performed when the child is four years old with a portable 
audiometer and soundproof headphones. The examination tests the child’s ability to hear 
sounds in different frequencies. A child with normal hearing perceives sound over 25dB at 
frequencies 500, 1 000, 2 000, 4 000 and 6 000 Hz. When the child hears “the beep” it should 
move a block in to a basket indicating to the examiner that the sound has been perceived. 
Every frequency should be tested two times to ensure that the child has heard “the beep”. If 
the child cannot participate or the result is uncertain, a new audiometry within 2-3 months 
should be performed. If any suspicion of hearing loss arises the child should be refereed to 
audiology clinic (18).  
 
Information about each child's result on Pure-tone audiometry is based on information taken 
from child health centres. Pure-tone audiometry result is collected by up to two visits were the 
result are presented with “pass”, “deviant”, “not performed” or “missing data”. A deviant 
result on first time pure-tone audiometry resulted in different actions depending on the nurse. 
The child is either referred to audiology clinic directly or scheduled for audiometry retesting 
in 2-3 month. Result on pure-tone audiometry is a fusion of the result from the two visits. If 
the child passed first pure-tone audiometry no second test were performed. ”Deviant”/”not 
performed” on first visit and “pass” on second visit resulted in “pass” result. “Deviant” on one 
visit and “not performed” on the other resulted in “deviant” result.  
 
Collecting data 
The children who did not appear at the four-year health visit were registered as “missing data” 
on pure-tone audiometry, but results from previous hearings screening methods were still 
collected. Information about if the child is a “risk-child” were also collected (premature, 
malformation of ear and/or face, family history of hearing loss), as well as if the child were 
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referred to the ear nose throat (ENT) clinic and reason if not referred to ENT-clinic. Data has 
finally been compiled in an Access database, then transferred into an excel document and 
lastly into a SPSS-file.  
 
All children receiving a hearing diagnosis on audiology clinic (n=278) was further analysed 
by reviewing medical records. The search in medical records was made systemically. ICD 
code received at audiology clinic were collected, if more than one ICD code were registered, 
specified diagnosis were collected before H919 (unspecified hearing loss). Date of diagnose 
was defined as the date when hearing diagnosis were first registered.  
 
Referral reason were collected by reading referral answer dated the same date as diagnose. If 
no referral answer were dated on the diagnose date, medical records from the visit to the 
doctor were read and referral reason was collected using 9 categories. These categories were 
then transformed to 4 referral groups illustrated in table 2. 
Table 2, How referral reason was grouped. 

Referral reason Referral groups 
After OAE Screening 
After BOEL 
After Pure-tone audiometry 
Known at ear nose throat clinic Contact with healthcare 
After contact with speech therapist 
Referral from children’s hospital 
Contact with healthcare of another 
reason 
Parental suspicion Parental suspicion 
Unknown Unknown 

 
278 children had a hearing diagnosis registered at audiology clinic. 69 children received a 
hearing diagnosis after 72 months of age (6 years) and were excluded. 4 children were from 
another county and were only registered on audiology clinic in Umeå for further investigation 
of hearing impairment and were therefore excluded. 3 children had no diagnosis of hearing 
according to medical records and were also excluded. This is illustrated in figure 1. 
 
Total of 202 children met the inclusion criteria and results are calculated on this group. 
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Figure 1, Flow chart of participants through the study. 

 
 
Data analyse 
Analyses have been performed using different descriptive statistical methods with SPSS 
version 24 and Excel version 15.6. 
 
Following analyse have been done: 

• Referral reason to audiology clinic. 
• Code of diagnosis (ICD-10) 
• Date of diagnose 
• Result on previously performed hearing test before diagnose 
• Age of diagnosis at audiology clinic 
• Comparison between different diagnosis groups 

 
Ethics 
This project is part of the quality assurance work that Child Health Unit is required to operate. 
Participation in hearing screening program is voluntary. If the guardians abstained screening, 
this is noted in the child’s journal. All accounting and presentation are done at a group level 
so that the individual's identity cannot be disclosed.   
Ethical application has been approved by Ethics committee at Umeå University 2016-10-04 
(2016/336-31). 
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Result  

How complete is the database? 
This data consists of a separate database that has been collected during several years at four-
year health visits. By compering this database to internal annual reports from maternity and 
child health centres in Västerbotten county which report the number of four year olds 
inscribed on maternity and child health centres it’s possible to evaluate how complete this 
database is. Cutbacks have been done and no annual report was published for children born 
2006. For children born 2009 the annual report did not contain information on number of 
children inscribed at child health centres at 4 years of, and no comparison can therefore be 
made. 
 
Year 2007, 2008 and 2010 the cover of the database from child health centre is over 96.8% 
and as high as 99.2% in 2007. In 2011 the cover is lower, 88.7%, this is explained by the fact 
that 1 of 39 maternity and child health centre has not reported their data. Overall, these results 
indicate that the database is complete enough to represent children in Västerbotten county. 
 
Table 3, Illustrate how complete the database is that this report is built on compare to annual report from maternity and 
child health centres in Västerbotten. 

Year of 
birth 

In database from 
maternity clinics (n) 

Inscribed on maternity clinic at 
4 years old according to annual 
report (n) 

Proportion 
(%) 

2006 2805 missing data   
2007 2705 2726 99.2% 
2008 2923 2951 99.1%  
2009 2985 missing data   
2010 2898 2993 96.8% 
2011 2653 2990 88.7% 

Total 16969     
 
Characteristic of children diagnosed on audiology clinic 
Analysis have been done on 202 children born 2006-2011 between the age of 0-72 months all 
receiving a hearing diagnosis on audiology clinic. Table 4 presents an overview of the 
characteristic of these children.  
 
Some imbalance can be seen between the sex, 59.4% are male and 40.6% are female. Year of 
birth of the population differ from lowest 11.4% born year 2006 and most participants were 
born in 2010, n=46 (22.8%).  
 
Most common ICD-code were H919. Initial 94 children received a H919 diagnosis, after 
audiology review 12 of these were given a SNHL diagnosis. Total of 82 children received a 
H919 diagnosis. No child in the study population received a H907 diagnosis. Diagnosis group 
“Other hearing loss” is the biggest diagnosis group representing 41.6%.  
 
Mixed conductive and sensorineural hearing loss (MHL) is the smallest group with only 4 
individuals. Conductive hearing loss (CHL) were diagnosed in 39 children (19.3%) and H901 
(unilateral) and H902 (unspecified) were the most common diagnosis, both where registered 
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on 17 children. Sensorineural hearing loss (SNHL) was diagnosed in 75 individuals 
representing 37.1%. Biggest ICD code in this group is H903 (bilateral) with 40 children. Even 
H904 (unilateral) was a relative common diagnosis, n=29.  
  
The most common cause of referral reason was screening, n=100 (49.5%). “Contact with 
healthcare” accounted for 35.1% (n=71). Parental suspicion accounted for 9.9% (n=20). 11 
children (5.4%) have “Unknown” referral reason. One interesting thing in this data was that 
pure-tone audiometry is the dominating screening test to find a hearing diagnosis, n=58 
(28.7%) compared to OAE with n=29. BOEL as screening test finds 13 children with hearing 
diagnosis.  
 
In the group “Contact with healthcare” the most common cause for getting diagnosed with a 
hearing loss is because of the child is known at ear nose throat clinic (n=46). Treatment and 
revisit after ear infection dominate this group. 15 are referrals from Children’s hospital and 
this group is made up of by children with different syndromes, abnormalities or high risk 
children. Few are detected after contact with speech therapist (n=4). 
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Table 4, Characteristic of children diagnosed on audiology clinic with hearing diagnose. 

Diagnosed on audiology clinic n=202 
sex n (%) 
woman 82 (40.6%) 
man 120 (59.4%) 
Year of birth n (%) 
2006 23 (11,4%) 
2007 33 (16.3%) 
2008 30 (14.9%) 
2009 35 (17.3%) 
2010 46 (22.8%) 
2011 35 (17.3%) 
Diagnosis group n (%) 
conductive hearing loss 39 (19.3%) 

H900, Conductive hearing loss, bilateral 5 
H901, Conductive hearing loss, unilateral  17 
H902, Conductive hearing loss, unspecified 17 

Sensorineural hearing loss 75 (37.1%) 
H903, Sensorineural hearing loss, bilateral 40 
H904, Sensorineural hearing loss, unilateral 29 
H905, Sensorineural hearing loss, unspecified 6 

Mixed conductive and sensorineural hearing loss 4 (2.0%) 
H906, Mixed hearing loss, bilateral 2 
H907, Mixed hearing loss, unilateral 0 
H908, Mixed hearing loss, unspecified 2 

Other hearing loss 84 (41.6%) 
H918, Other specified hearing loss 2 
H919, Unspecified hearing loss 82 

Referral reason  n (%) 
Screening 100 (49,5%) 

After OAE 29 
After BOEL test 13 
After Pure-tone audiometry 58 

Contact with healthcare  71 (35,1%) 
Contact with healthcare of another reason 6 
After contact with speech therapist 4 
Referral from children’s hospital 15 
Known at ear nose throat clinic 46 

Parental suspicion 20 (9,9%) 
Unknown 11 (5,4%) 
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Prevalence of hearing loss 
A total of 202 children received some hearing diagnosis in preschool age (up to 72 months)  
The prevalence to have any hearing diagnosis in Västerbotten county is 11.9 per 1000 (202 of 
16969) in preschool children according to this study. 
 
Prevalence of conductive hearing loss in Västerbotten county is 2.30 per 1000 (39 of 16 969)  
and prevalence of sensorineural hearing loss is 4.42 per 1000 (75 of 16 969). 
Highest prevalence is shown in Diagnosis group “Other hearing loss”, with a prevalence of 
4.95 per 1000 (84 of 16 969). Prevalence of “Mixed conductive and sensorineural hearing 
loss” were 0.24 per 1000 (4 of 16 969).  
 
Age of diagnose 
One of the question asked before this study was when different types of hearing loss in 
preschool children were detected. Figure 2 illustrate the result on group level. From this data, 
it is obvious that age of receiving hearing diagnosis varies. 
 
The mean age of diagnose CHL is 52 months (4 year and 4 months). The minimum age is 10 
months and the maximum age is 72 months (6 year). Standard deviation (SD) 16 months. 
SNHL is diagnosed earlier; the mean age when diagnosed is 43 months (3 year and 7 
months). The minimum age 5 months and the maximum age is 65 months (5 year and 5 
months), SD 16 months. MHL have 58 months (4 year and 10 months) as mean age of 
diagnosis, a minimum of 42 months and a maximum of 70 months. SD 13 months. 
 
Other hearing losses are diagnosed at a mean age of 40 months (3 year and 4 months). The 
minimum age is 0 months and the maximum age of diagnose is 71 months. SD 19 months.  
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Figure 2, Age (in months) when different diagnosis groups receive a hearing diagnose for the first time at audiology clinic. 

 
 
Referral answer broken down by diagnosis groups 
This section aims to answer if there are any hearing screening tests that display effectiveness 
in identifying certain types of hearing loss. The result is shown in table 5. Comparison 
between different diagnosis groups show some interesting result.  
 
39 received a CHL diagnosis. An interesting find was that more than half were diagnosed 
after “Contact with healthcare”, n=21 (53.8%) and the most dominating reason in this group 
is treatment or sequel after otitis media. 23.1% (n=9) received a diagnosis after hearing 
screening, all “after Pure-tone audiometry”. “Parental suspicion” represented 20.5% (n=8). 
 
75 received a SNHL diagnosis. The main reason to be referred to an audiology clinic is after 
hearing “screening” 80.0% (n=60). “Pure-tone audiometry” is the most common screening 
test for detection of SNHL (n=31). 22 children received SNHL diagnosis “After OAE” 
screening and n=7 children “After BOEL”.  “Contact with healthcare” represented 12.0% 
(n=9), 4 of these children have a syndrome. “Parental suspicion” 4.0% (n=3) and “Unknown” 
reason in 3 cases (4.0%). 
 
Mixed hearing loss (sensorineural and conductive) were diagnosed in four cases. 1 “After 
OAE”, 2 “After pure-tone audiometry” and 1 after “Parental suspicion”.  
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Other hearing loss were diagnosed in 84 children. “Contact with health care” accounted for 
48.8% (n=41) and “screening” accounted for 33.3% (n=28). Pure-tone audiometry was the 
most dominated screening test with 16 cases, compared to OAE and BOEL who both found 6 
cases each. 8 children (9.5%) were diagnosed after “Parental suspicion”. “Unknown” reason 
to be referred to audiology clinic was seen in 7 cases (8.3%). 
 
These results suggest that screening is the most common reason for detecting SNHL, and the 
most common screening method is pure-tone audiometry. Screening is also a common 
method to identify MHL. Hearing screening system is not too effective at detecting CHL and 
“Other hearing losses”, where most common referral reason is “Contact with healthcare”. 
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Table 5, Referral reason to audiology clinic based on diagnosis groups. 

Diagnosis groups Referral reason n (%) 
Conductive hearing loss Screening 9 (23.1%) 

After OAE 0 
After BOEL test 0 
After Pure-tone 

audiometry 
9 

Contact with healthcare  21 (53.8%) 
Parental suspicion 8 (20.5%) 
Unknown 1 (2.6%) 
Total 39 (100%) 

Sensorineural hearing loss Screening 60 (80.0%) 
After OAE 22 
After BOEL test 7 
After Pure-tone 

audiometry 
31 

Contact with healthcare  9 (12.0%) 
Parental suspicion 3 (4.0%) 
Unknown 3 (4.0%) 
Total 75 (100%) 

Mixed conductive and sensorineural hearing 
loss 

Screening 3 (75,0%) 
After OAE 1 
After BOEL test 0 
After Pure-tone 

audiometry 
2 

Parental suspicion 1 (25%) 
Total 4 (100%) 

Other hearing loss Screening 28 (33.3%) 
After OAE 6 
After BOEL test 6 
After Pure-tone 

audiometry 
16 

Contact with healthcare 41 (48.8%) 
Parental suspicion 8 (9.5%) 
Unknown 7 (8.3%) 
Total 84 (100%) 

 
 
Result on previously performed hearing test before diagnose 
The next section focuses on previous results on screening test, before the diagnosis of a 
hearing impairment. OAE screening have revolutionized the time to diagnose different 
hearing impairment (9). That children receive hearing impairments after OAE screening is 
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known (14). By analysing previous results on hearing screening test the aim is to evaluate the 
benefits of pure-tone audiometry (and BOEL) as screening tests. Other hearing loss* consist 
of diagnosis group  “Conductive hearing loss” and “Other hearing loss”, see table 1. 
 
Hearing diagnosis after BOEL test  
13 individuals received a hearing diagnosis after the BOEL screening test, table 6 shows 
results from OAE screenings and results from BOEL hearing tests. 7 out of 13 received 
SNHL. No one was diagnosed with mixed hearing loss after BOEL screening test.  
 
Of the children receiving a hearing diagnosis after BOEL screening, 11 had a deviant result, 
no one passed, or did not perform the test. 2 children are not represented in the database from 
child health centres and are therefore reported “missing data”. 4 out of a total of 13 children 
did not perform OAE, all 4 received a SNHL diagnosis after BOEL screening. 6 children 
passed OAE screening and then received a hearing diagnosis after a BOEL test, none of these 
children were in the “risk child” category.  
 
2 out of 7 receiving SNHL after a BOEL test passed the OAE screening. An interesting 
observation from this data is that 4 did not perform a OAE screening. 3 of these 4 children 
were in the “risk child” category. 1 child had a deviant result on the OAE screening and the 
parents refused further investigation on a ENT clinic. 
 
Table 6, Result on previous screening test when receiving hearing diagnose after BOEL screening. 

Received hearing diagnosis after BOEL screening 
  Other hearing loss* Sensorineural 

hearing loss 
Total 

Individuals n=6 n=7 n=13 (100%) 
OAE result       
pass 4 2 6 (46,2%) 
deviant 0 1 1 (7,7%) 
not performed 0 4 4 (30,8%) 
missing data 2 0 2 (15,4%) 
BOEL result       
pass 0 0 0 
deviant 4 7 11 (84,6%) 
not performed 0 0 0 
missing data 2 0 2 (15,4%) 

 
Hearing diagnose after pure-tone audiometry screening test  
58 individuals received hearing diagnosis after pure-tone screening test, table 7 show result 
from OAE and BOEL screening hearing test. 31 of 58 received SNHL, 2 received a MHL 
diagnose. Result from pure-tone audiometry is also showed, 50 children had deviant result on 
pure-tone audiometry, 4 could not perform the test. 2 passed the test, one of these children 
were premature and the other had deviant on first pure-tone audiometry and passed the 
hearing test on the second time.  
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The most interesting aspect of the data is that 21 of 31 receiving SNHL diagnosis passed OAE 
screening. 6 had deviant result on OAE screening on maternity clinic and these where all 
referred to ENT clinic, 5 were examined without remarks and in one case parents declined 
further investigation at ENT clinic. On 3 children OAE screening were not performed, 2 were 
immigrated after OAE screening age and in one case parents declined further investigation on 
ENT clinic and the child were not examined on audiology clinic. 
 
86,2% (n=50) of all children receiving a hearing diagnosis after pure-tone audiometry passed 
BOEL test, 5 did not performed BOEL test. 1 had deviant result on BOEL and received 
SNHL after pure-tone audiometry. This child were referred to ENT clinic after deviant BOEL 
result and examined without remarks on hearing.  
 
2 children receiving SNHL did not performed BOEL, one was immigrated after OAE 
screening and BOEL screening and the other were already known at ear nose throat clinic and 
were therefore not referred. 
 
Table 7, Result on previous screening test when receiving hearing diagnose after pure-tone audiometry screening. 

Received hearing diagnosis after Pure-tone audiometry  
  Other 

hearing 
loss* 

Mixed 
hearing 
loss 

Sensorineural 
hearing loss 

Total 

Individuals  n=25 n=2 n=31 n=58 (%) 
OAE result         
pass 21 1 21 43 (74.1%) 
deviant 1 1 6 8 (13.8%) 
not performed 2 0 3 5 (8.6%) 
missing data 1 0 1 2 (3.4%) 
BOEL result         
pass 21 2 27 50 (86.2%) 
deviant 0 0 1 1 (1.7%) 
not performed 3 0 2 5 (8.6%) 
missing data 1 0 1 2 (3.4%) 
Pure-tone audiometry result         
pass 1 0 1 2 (3.4%) 
deviant 21 1 28 50 (86.2%) 
not performed 2 1 1 4 (6.9%) 
missing data 1 0 1 2 (3.4%) 
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Discussion  

Universal new born hearing screening (OAE screening) importance for early identification of 
congenital hearing loss is well documented (1, 9, 25). Several studies have shown that only 
OAE screening is not sufficient at finding all children with a hearing loss, some hearing 
impairment develops or are progressive after the new born period and cannot be detected 
trough OAE (8, 10, 11). By reviewing the literature no data have been found when it is 
optimal to implement additional hearing screening to detect hearing loss in children after 
UNHS (18). To our knowledge this is the largest study to evaluate the hearing screening 
program as it is recommended in Sweden today. 
 
Diagnosis code H919 (hearing loss, unspecified) is the most common diagnosis for preschool 
children to receive at audiology clinic in Västerbotten (n=84). These findings are unexpected 
and the H919 ICD-code is problematic because it is nonspecific. An experienced audiology 
doctor reviewed the H919-cases and more SNHL cases were found. This combined with 
identifying all children receiving a SNHL ICD-code on audiology clinics has probably located 
all SNHL cases in Västerbotten born 2006-2011. Findings in this report have led to better 
insight in ICD-coding on Västerbotten ENT clinics. Improvements on ICD coding and the 
quality check on follow ups on the children receiving a H919 code has begun.  
 
Screening accounted for 49.5% of all identified cases of hearing loss in Västerbotten. Most 
hearing impairments were detected after pure-tone audiometry, n=58 (28.7%). Fortnum et al. 
described that school screening accounted for 30.8% of referral source of confirmed cases of 
hearing loss to audiology clinic in Nottingham (16). 
 
The screening program accounted for 80.0% of identified cases of Sensorineural hearing loss 
in Västerbotten. This result indicates that the hearing screening program as its implemented 
today is well designed to detect children with SNHL. Somewhat unexpected this report shows 
that a big portion with SNHL is identified by pure-tone audiometry. 22 children were 
identified with a SNHL after OAE compared to 31 cases identified after pure-tone 
audiometry. Of the 31 children receiving a SNHL diagnosis after pure-tone audiometry 21 
passed OAE screening. Thus SNHL cases may be progressive, acquired or immigrated and if 
only OAE screening at maternity clinic are offered these cases would be missed by Child 
Health centres and may be detected first at school start.  
 
Contact with the health care system in general is a common reason for detection of hearing 
loss, especially in children receiving a conductive hearing loss diagnosis. Most cases of 
“Other hearing loss” dominated by ICD-code H919 are detected outside of the hearing 
screening system. When reviewing H919 latest audiogram this group consist of mostly 
temporary conductive hearing loss, explained by otitis media and cerumen. A few cases of 
CHL and H919 (unspecified hearing loss) diagnosis were detected after screening, most 
commonly after pure-tone audiometry. Hearing screening at four years of age can be one way 
to identify these hearing impairments that need an intervention. 
 
Taken together, these results suggest that pure-tone audiometry is an important screening test 
in detection of hearing diagnosis especially SNHL in preschool children.  By hearing testing 
all children at four year of age it is possible to offer hearing aids before school start when the 
hearing requirements are raised.  
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Surprisingly six children receiving SNHL diagnosis after pure-tone audiometry had deviant 
result already after OAE and five were further investigated on audiology clinic without 
remarks on their hearing. No data on hearing loss severity or etiology have been collected and 
further analyses is therefore limited. A previous study conducted in Västerbotten with the aim 
to investigate the etiology of hearing impairment reported unknown etiology in 34% of 
identified cases, which highlight the problem of investigate the etiology of hearing 
impairments in children (26).  It’s possible that those children who were investigated at ENT 
clinics with no remarks on their hearing after OAE have gotten an acquired or progressive 
SNHL during their preschool years. Cases where parents declined investigation on ENT clinic 
after their child did not pass a hearing screening test were noticed in several events. Early 
identification of hearing impairment is important because it can help to optimise hearing and 
language development (4). This highlights the importance of giving parents information at 
child and maternity clinic about the importance of auditory functioning for child’s 
development. 
 
Sehlin et al. reported a prevalence of hearing impairment in children (>30dB) at 2,6 per 1000 
between 1966-83 in the county of Västerbotten (26), 96% of these children had a SNHL 
diagnose (26). The prevalence of SNHL calculated in this study were higher (4.42 per 1000).  
Better identification of SNHL cases in Västerbotten and contribution by new diagnostic tools 
such as OAE hearing test that can test mentally retarded children who were excluded in 
Sehlin et al. study might explain the higher prevalence. In our data, all SNHL were included 
regardless of severity compared to previous study were threshold for hearing impairment were 
set at 30dB (26). 
 
The age of receiving a hearing diagnosis at audiology clinics in Västerbotten varies (0-72 
months). SNHL are diagnosed at a lower age then conductive hearing loss, which is pleasing 
because early intervention is important for speech and hearing development (4). SNHL had a 
mean age of diagnose of 3 years and 7 months. Diagnosis group “Other hearing loss” are 
diagnosed at the earliest age (3 years and 4 months) and one explanation is that this group is 
almost complete represented by diagnose code H919 (hearing loss, unspecified) and diagnosis 
criteria are more flexible on this diagnosis compared to a SNHL ICD-code.  
 
BOEL hearing screening test at eight months are no longer offered to children in 
Västerbotten. 618 children had a deviant result on BOEL and this resulted in 13 receiving a 
hearing diagnosis compered to OAE where 186 had a deviant result and 29 children received 
a hearing diagnosis and pure-tone audiometry were 432 had a deviant result and this resulted 
in 58 receiving a hearing diagnosis. In this study 7 children received SNHL diagnosis after 
BOEL, 4 of these did not perform OAE screening. 3 of these 4 children were in the “risk 
category”. These “risk-child” should have been referred to audiology clinic directly from the 
maternity clinic, and if they had they probably would have been diagnosed earlier. In one 
child OAE result was deviant and parents refused further investigation. Midgley et al. (2000) 
showed that when hearing testing a 8-month-old child in the winter, half of the children will 
have otitis media with effusion and this will result in false positives (12). Taken together, 
these results suggest that BOEL as hearing test have clear limitation and is not effective 
enough to be included in the hearing screening program. 
 
A major advantage of this study is that it is population based and the collected data consists of 
almost all children born in Västerbotten county 2006-2011. The big sample is also important 
when studied diagnosis are rare. Results from each screening test have been obtained through 
reviewing medical record compared to other studies were result on new born hearing 

Kommenterad [NE1]: Måste detta kommenteras?? 



Nora Einarsson 
Autumn 2016 
Project work,30 hp 
Läkarprogrammet, Umeå Universitet 

20 

screening were a result of parental report which runs the risk of being incorrect (15). Same 
form (appendix 1) for collecting data have been used and data entry have been done by the 
same person which reduce the risk for different interpretations of data, there is however a risk 
for bias error. 
 
This study has collected data on all children receiving a ICD-hearing diagnose on a ENT 
clinic. By allowing an audiologist doctor to review all children’s audiogram who received a 
H919 it is clear that there is a limitation within the ICD coding. New cases of SNHL were 
detected that had not been given a correct ICD code. This raises the question about the other 
ICD-codes security and limitations. Confirming given ICD-code at audiology clinic is 
therefore suggested before publishing. 
 
Hearing screening in preschool children aims to find SNHL cases because this is a permanent 
hearing loss and depending on the severity different hearing aids need to be offered. 
Conductive hearing loss in preschool children is common, treatable and often not permanent 
(12, 13). By sorting hearing impairment based on ICD-code analysing only SNHL cases is 
possible. A limitation is that some CHL can be severe and permanent and need hearing aid 
and these cases may be overlooked when grouping all CHL together and not sorting hearing 
impairment on severity. A natural progression of this work is to analyse severity (dB) of 
hearing loss and if hearing aids have been obtained. 
 
Conclusion 

Pure-tone audiometry at age of four is a common reason to detect hearing impairment and 
surprisingly pure-tone audiometry detect more SNHL diagnosis than OAE screening in the 
county of Västerbotten.  
 
The second major finding was that ICD-code H919 (hearing loss, unspecified) is a common 
diagnose to receive at a ENT clinic in Västerbotten. A natural progression of this work is to 
analyse severity and etiology this hearing impairment to be able to further investigate the 
hearing screening program in preschool children. 
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