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Summary

STUDY AIM: Undiagnosed and therefore untreated per-
manent paediatric hearing loss can have a detrimental im-
pact on a child’s speech, language, social and educational
development, and quality of life. Therefore, early diagno-
sis is required for successful treatment with hearing aids
to minimise the negative impact of hearing loss. Newborn
hearing screening programmes may have decreased the
average age at diagnosis of hearing loss worldwide, but
outcomes vary widely between countries. In this study,
we therefore aimed to assess the median age of children
at diagnosis of permanent unilateral and bilateral hearing
loss in Eastern Switzerland.

METHODS: In this retrospective cohort study, children
born in Eastern Switzerland with permanent hearing loss
diagnosed at the Division of Paediatric Audiology at the
Cantonal Hospital of St Gallen (the tertiary referral centre
for Eastern Switzerland) were included. The study period
was from 1 January 2014 to 31 December 2019. The pri-
mary endpoint was age at diagnosis of permanent uni-
lateral or bilateral hearing loss. Descriptive data collected
were the type and WHO grade of hearing loss, the status
of newborn hearing screening and other information such
as path of referral and place of residence.

RESULTS: In total, 107 children with permanent hearing
loss were included in this study. Overall, the median age
at diagnosis was 45.0 months (interquartile range [IQR]
5.7-74.8). The median age at diagnosis for children with
bilateral hearing loss was 25.8 months (IQR 3.6-70.5),
compared to 63.1 months (IQR 11.4-88.5) for children
with unilateral hearing loss. For children with bilateral
hearing loss, the median age at diagnosis was lower with
higher WHO grades of hearing loss: 65.6 months (IQR
11.1-131.6) for grade | vs 4.5 months (IQR 2.2-6.0) for
grade IV. Children with bilateral hearing loss and a doc-
umented failed newborn hearing screen were diagnosed
early: median age at diagnosis 4.0 months (IQR 2.2-12.3).

CONCLUSION: In conclusion, the age at diagnosis of pae-
diatric permanent hearing loss in our study is variable and,
in some cases, late. This applies particularly to bilater-
al hearing loss that should have been diagnosed by the

newborn hearing screen in congenital cases and unilateral
hearing loss.

Introduction

Paediatric hearing loss is considered to be an invisible dis-
ability as most of the children affected appear physically
healthy and behave normally, especially at an early age.
Without proper testing, the condition may remain undi-
agnosed in many individuals and therefore untreated for
years, leading to detrimental effects on the child’s speech-
language development, social and educational develop-
ment, and quality of life [1-4]. There also seems to be a
critical period for psycholinguistic development [5]. These
negative consequences can largely be prevented by ade-
quate treatment [6—10]. Therefore timing is crucial, as ear-
ly diagnosis and treatment have been shown to improve
outcomes [11-13].

It has been estimated that in more than 80% of cases, per-
manent paediatric hearing loss is already present at birth
[10], and the prevalence of paediatric hearing loss contin-
ues to increase with age until adolescence, as cases with
late-onset, progressive and acquired hearing loss accumu-
late [14-16]. These latter cases are usually noticed during
routine examinations when reduced response, speech-lan-
guage delay and hearing impairment in difficult listening
situations raise questions regarding the child’s hearing
ability.

Before universal newborn hearing screening was imple-
mented, hearing loss was mostly diagnosed between the
ages of two and five years when speech and language de-
lays became evident [17, 18]. Universal newborn hearing
screening programmes may have decreased the average
age at diagnosis of hearing loss worldwide [12], but meth-
ods, screening algorithms, responsibilities and legal bases
vary widely between countries [19, 20]. In our experience,
some children are diagnosed at an even older age. How-
ever, to the best of our knowledge, there is no solid data
available on age at diagnosis of paediatric permanent hear-
ing loss in Switzerland.

In this retrospective cohort study, we therefore aimed to as-
sess the median age of children at diagnosis of permanent
unilateral and bilateral hearing loss and to describe the re-
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lationship between age at diagnosis and other factors such
as hearing loss type, WHO grade and screening status. Da-
ta was from children who were diagnosed at the tertiary re-
ferral centre of Eastern Switzerland between January 2014
and December 2019.

Methods

Study design and data source

We conducted a retrospective cohort study using diagnos-
tic and descriptive data extracted from medical records and
the central hearing test database of our institution (Divi-
sion of Paediatric Audiology at the Cantonal Hospital of St
Gallen). The study period was from 1 January 2014 to 31
December 2019.

Participants

Paediatric patients whose hearing loss was diagnosed at
the Division of Paediatric Audiology at the Cantonal Hos-
pital of St Gallen (the tertiary referral centre for Eastern
Switzerland) during the study period were eligible. Pa-
tients were included if they were younger than 18 years
at the time of diagnosis, if they were born in Switzerland,
and if unilateral or bilateral permanent hearing loss (hear-
ing threshold average of 500, 1000, 2000, and 4000 Hz;
>26 dB hearing loss) was diagnosed for the first time at
the Division of Paediatric Audiology at the Cantonal Hos-
pital of St Gallen. Patients were excluded if hearing loss
was deemed temporary (e.g. otitis media with effusion), if
hearing loss had already been diagnosed at other institu-
tions and no age at first diagnosis was available, and if aur-
al atresia was present (obvious from physical appearance).
Due to the expected low number of cases, a planned sam-
ple size was not calculated.

Descriptive data and endpoints

Descriptive data collected was the type of hearing loss
(sensorineural, conductive, mixed, auditory neuropathy),
the grade of hearing loss according to the WHO classifica-
tion of 1991 [21] (I: slight 2640 dB, II: moderate 41-60
dB, III: severe 61-80 dB, IV: profound including deafness
>81 dB), the status of the newborn hearing screening (no
information available, passed, failed, documented non-par-
ticipation) and other information such as path of referral
(maternity hospital, children’s hospital, paediatrician, ear-
nose-throat specialist) and place of residence (cantons of
Appenzell Innerrhoden, Appenzell Ausserrhoden, Princi-
pality of Liechtenstein, Graubiinden, St Gallen, Thurgau,
Zurich).

The primary endpoint was the age at diagnosis of perma-
nent unilateral or bilateral hearing loss. The time of di-
agnosis was defined as the date on which a confirmatory
auditory brainstem response (ABR) test or a pure tone
hearing test was performed. In addition, the relationship
between the descriptive parameters mentioned above and
the primary endpoint was assessed.

Statistical analysis

Statistics were purely descriptive. Type of hearing loss,
WHO grade, status of newborn hearing screening, path of
referral and place of residence were described using counts
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and percentages in relation to the total number of cases and
separately for unilateral and bilateral hearing loss. Kaplan-
Meier curves were used to describe the median age at di-
agnosis (including interquartile range [IQR]) of the total
study population and differentiated into unilateral and bi-
lateral cases. The median age at diagnosis was additional-
ly calculated for subgroups for type of hearing loss, WHO
grade, status of hearing screening and path of referral. His-
tograms were used to illustrate the distribution of age at di-
agnosis (overall and by laterality). Finally, Kaplan-Meier
curves were explicitly used to draw cumulative distribu-
tion functions for the variables age at diagnosis and WHO
grade (overall and by laterality). Statistical analysis was
performed with the statistics software R [22] using pack-
ages ggsurvfit, ggpubr, survival and dplyr.

Ethical approval

Ethical approval was sought from the Ethics Committee
of Eastern Switzerland. For cases diagnosed before 31 De-
cember 2018, the Ethics Committee waived the require-
ment to obtain informed consent; for cases after 1 January
2019, written consent was required and obtained from the
parents.

Results

Patient selection

A total of 128 eligible children with unilateral or bilateral
permanent hearing loss were identified from medical
records. Nine cases were subsequently excluded because
hearing loss had been diagnosed at another institution be-
fore the study period and a date of first diagnosis was not
available. Eleven cases with aural atresia were excluded,
as the physical appearance made the hearing loss obvious.
One case had to be excluded from further analysis as the
parents did not consent. In total, 107 children with perma-
nent hearing loss were included for analysis (figure 1).

Patient characteristics and descriptive data

Bilateral hearing loss (69.2%, n = 74) was more common
than unilateral hearing loss (30.8%, n = 33). Sensorineural
hearing loss was by far the most frequent type of hearing
loss, detected in 91.6% (n = 98) of children, followed by
conductive, mixed hearing loss and auditory neuropathy in,
respectively, 3.7% (n=4), 2.8% (n=3) and 1.9% (n=2) of
cases. The proportions were comparable in the subgroups
of unilateral and bilateral cases (table 1).

By WHO grade, the largest group was formed by those
with grade II hearing loss (30.8%, n = 33), followed by
grade IV (28%, n = 30), grade I (27.1%, n = 29) and grade
11 (14%, n = 15). While more bilateral cases were found in
WHO grades I to 111, proportions of unilateral and bilateral
cases were comparable for grade IV cases (table 1).

A total of 10 unilateral and 40 bilateral cases failed new-
born screening, while 8 unilateral and 7 bilateral cases
passed the test (table 1). Overall, the status of the newborn
hearing screening was unknown in 37.4% of cases. In 2 bi-
lateral cases, the test was documented as not having been
performed (table 1).

Children were referred to our institution from the private
sector (paediatrician 45.8% [n = 49], ear-nose-throat spe-
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cialist 28.0% [n = 30]) and from hospitals (maternity clinic
9.3% [n = 10]; children’s hospital 16.8% [n = 18]). Of the
ten cases referred from maternity clinics, only one had uni-
lateral hearing loss (table 1). With respect to geographi-

the frequency of bilateral hearing loss was equal to or no-
tably higher than that of unilateral cases. In the canton
of Graubiinden, however, more cases of unilateral hearing
loss were observed (table 1).

cal regions, children were mainly referred from the can-
ton of St Gallen and surrounding cantons as well as from
the Principality of Liechtenstein. In all but one canton,

Figure 1: Flow chart of the study population.

128 children with unilateral or bilateral permanent
hearing loss identified from medical records

| 119 children |

9 cases excluded due to prior diagnosis at another
institution (no date of first diagnosis available)

| 108 children |

11 cases excluded due to aural atresia

1 case excluded due due to withdrawal of

informed consent

107 children included for analysis

Table 1:

Patient characteristics and descriptive data of the study population. All values correspond to the number of cases. The denominator used in all percentages is the total number

of cases (n = 107).

Descriptive data Unilateral Bilateral Total

Type of hearing loss Sensorineural 32 (29.9%) 66 (61.7%) 98 (91.6%)
Conductive 1(0.9%) 3(2.8%) 4 (3.7%)
Mixed 0 (0.0%) 3 (2.8%) 3 (2.8%)
Auditory neuropathy 0 (0.0%) 2 (1.9%) 2 (1.9%)
All types 33 (30.8%) 74 (69.2%) 107 (100%)

WHO grade of hearing loss I (slight, 26-40 dB) 8 (7.5%) 21(19.6%) 29 (27.1%)
Il (moderate, 41-60 dB) 6 (5.6%) 27 (25.2%) 33 (30.8%)
Il (severe, 61-80 dB) 3 (2.8%) 12 (11.2%) 15 (14.0%)
IV (profound incl. deafness, 281 dB) 16 (15.0%) 14 (13.1%) 30 (28.0%)
All grades 33 (30.8%) 74 (69.2%) 107 (100%)

Newborn hearing screening status No information 15 (14.0%) 25 (23.4%) 40 (37.4%)
Passed 8 (7.5%) 7 (6.5%) 15 (14.0%)
Failed 10 (9.3%) 40 (37.4%) 50 (46.7%)
Not done 0 (0.0%) 2 (1.9%) 2 (1.9%)
All screening results 33 (30.8%) 74 (69.2%) 107 (100%)

Origin of patient referral Maternity hospital 1(0.9%) 9 (8.4%) 10 (9.3%)
Children’s hospital 5 (4.7%) 13 (12.1%) 18 (16.8%)
Paediatrician 16 (15.0%) 33 (30.8%) 49 (45.8%)
Ear-nose-throat specialist 11 (10.3%) 19 (17.8%) 30 (28.0%)
All referrals 33 (30.8%) 74 (69.2%) 107 (100%)

Place of residence Appenzell Innerrhoden 2 (1.9%) 2 (1.9%) 4 (3.7%)
Appenzell Ausserrhoden 1(0.9%) 6 (5.6%) 7 (6.5%)
Principality of Liechtenstein 1(0.9%) 2 (1.9%) 3(2.8%)
Graubiinden 3 (2.8%) 1(0.9%) 4 (3.7%)
St Gallen 18 (16.8%) 43 (40.2%) 61 (57.0%)
Thurgau 7 (6.5%) 20 (18.7%) 27 (25.2%)
Zurich 1(0.9%) 0 (0.0%) 1(0.9%)
All places of residence 33 (30.8%) 74 (69.2%) 107 (100%)

dB: decibel.
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Table 2:

Age at diagnosis of paediatric permanent hearing loss

The overall median age at diagnosis of hearing loss was
45.0 months (IQR 5.7-74.8). At 25.8 months (IQR
3.6-70.5), the median age at diagnosis of bilateral hearing
loss was lower than that of unilateral cases (63.1 months
[IQR 11.4-88.5]). An overview of the median (IQR) age at
diagnosis for all cases as well as in subgroups by hearing
loss type, WHO grade, screening status and path of referral
is shown in table 2, separately for all, unilateral and bilater-
al cases. Frequencies and cumulative distribution functions
are shown in figures 2 and 3.

Cases with conductive hearing loss were diagnosed later, at
a median of 86.0 months (IQR 42.1-89.4) when compared
to sensorineural (median 45.2 months [IQR 5.6-71.3]), au-
ditory neuropathy (median 21.1 months [IQR 13.5-28.8])
and mixed hearing loss (median 11.1 months [IQR
10.1-79.1]). As shown in figure 4 and table 2, the overall

median age at diagnosis was lower with higher WHO
grades of hearing loss (grade IV: 9.6 months [IQR
4.4-67.1] vs grade I: 65.6 months [IQR 8.8-110.9]). This
also applied for the subgroup of bilateral cases but not
for unilateral cases. In both groups, median age at diagno-
sis was highest for WHO grade I hearing loss (unilateral:
71.9 months [IQR 8.2-105.1]; bilateral: 65.6 months [IQR
11.1-131.6]).

The median age at diagnosis of hearing loss in children
with a documented failed newborn hearing screening was
5.6 months (IQR 2.4-21.7). In children who passed the ini-
tial newborn hearing screening, the median age at diag-
nosis was 45.4 months (IQR 16.1-64.1). Without a docu-
mented newborn hearing screening status, the median age
at diagnosis was 72.3 months (IQR 59.0-114.2), and in
children whose non-participation in the screening was doc-
umented, median age at diagnosis was 86.0 months (IQR

Median age (in months) at diagnosis of paediatric hearing loss, overall and in subgroups by type, WHO grade, newborn hearing screening status and origin of patient referral.
Medians are based on Kaplan-Meier estimations. Empty fields indicate non-observed values.

Unilateral Bilateral Total
(n=33) (n=74) (n=107)
Median (IQR) Median (IQR) Median (IQR)
Overall 63.1 (11.4-88.5) 25.8 (3.6-70.5) 45.0 (5.7-74.8)
By type Sensorineural (n = 98) 61.0 (10.1-82.0) 28.0 (3.4-70.2) 45.2 (5.6-71.3)
Conductive (n = 4) 91.2 (91.2-91.2) 84.3 (0.0-87.7) 86.0 (42.1-89.4)
Mixed (n = 3) - 11.1 (10.1-79.1) 11.1 (10.1-79.1)
Auditory neuropathy (n = 2) - 21.1 (13.5-28.8) 21.1(13.5-28.8)
By grade I, 26-40 dB (n = 29) 71.9 (8.2-105.1) 65.6 (11.1-131.6) 65.6 (8.8-110.9)
I, 41-60 dB (n = 33) 54.4 (48.3-63.1) 52.5(3.6-79.1) 52.5 (11.4-73.3)
11, 61-80 dB (n = 15) 51.0 (6.6-63.3) 17.1 (4.0-41.4) 18.1 (5.3-51.0)
IV, 281 dB (n = 30) 65.7 (15.4-82.0) 4.5 (2.2-6.0) 9.6 (4.4-67.1)

By screening status

No information (n = 40)

71.3 (53.5-120.3)

73.3 (62.2-107.8)

72.3 (59.0-114.2)

Passed (n = 15)

41.9 (9.0-63.7)

45.4 (33.3-64.1)

45.4 (16.1-64.1)

Failed (n = 50) 28.6 (7.4-67.1) 4.0 (2.2-12.3) 5.6 (2.4-21.7)

Not done (n = 2) - 86.0 (84.3-87.7) 86.0 (84.3-87.7)
By origin of patient referral Maternity hospital (n = 10) 2.4 (2.4-2.4) 2.4 (1.9-2.6) 2.4 (1.9-2.6)

Children’s hospital (n = 18) 7.4 (6.6-48.3) 5.3 (2.2-50.7) 7.0 (2.7-50.7)

Paediatrician (n = 49)

69.2 (39.2-105.1)

37.8 (11.1-79.1)

55.9 (13.5-87.8)

Ear-nose-throat specialist (n = 30)

58.9 (49.9-70.5)

62.2 (6.0-84.5)

60.5 (13.1-70.5)

IQR: interquartile range; dB: decibel.

lateral hearing loss (C, n = 74).

Age at Diagnosis (Months)

Figure 2: Distribution of age at diagnosis of all children (A, n = 107), of children with unilateral hearing loss (B, n = 33) and of children with bi-
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84.3-87.7). If the screening status was “no information”
or “passed”, the median ages at diagnosis were similar in
the unilateral and bilateral groups. If the screening status
was “failed”, the median age at diagnosis was 4.0 months
(IQR 2.2-12.3) for bilateral cases and 28.6 months (IQR
7.4-67.1) for unilateral cases.

Children referred from maternity hospitals were diagnosed
earlier (median 2.4 months [IQR 1.9-2.6]) than children
referred from children’s hospitals (median 7.0 months
[IQR 2.7-50.7]), from paediatricians (median 55.9 months
[IQR 13.5-87.8]) and from ear-nose-throat specialists (me-
dian 60.5 months [IQR 13.1-70.5]). Median ages at diag-
nosis were similar in unilateral and bilateral cases when
children were referred from maternity hospitals and chil-
dren’s hospitals. However, median ages at diagnosis were
higher in referrals from paediatricians in the unilateral
group (69.2 months [IQR 39.2-105.1]) and in referrals

Swiss Med WKkly. 2025;155:4014

from ear-nose-throat specialists in the bilateral group (62.2
months [IQR 6.0-84.5]).

Discussion

The median overall age at diagnosis of paediatric hearing
loss was 45.0 months. When viewed in isolation, this num-
ber is high and requires further analysis. During the obser-
vation period of the study, however, only children with bi-
lateral hearing loss were detected by the universal newborn
hearing screening programme in Switzerland, as the test
was considered passed with the presence of oto-acoustic
emissions in only one ear. Accordingly, age distributions
show that bilateral cases were mostly diagnosed at a young
age while the peak for diagnosis of unilateral cases oc-
curred only after 50 months.

risk.
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Figure 3: Kaplan-Meier cumulative distribution functions of age at diagnosis (overall: left; unilateral and bilateral: right), including patients at
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For unilateral hearing loss, the median age at diagnosis was
63.1 months. This relatively high value might be explained
by the algorithm of newborn hearing screening applicable
during the observation period of the study. At this time, it
was believed that one-ear hearing is sufficient for normal
speech development. Therefore, unilateral hearing loss was
usually not diagnosed at birth but later in life. However,
children with unilateral hearing loss typically have hear-
ing problems with background noise, which might increase
depending on the environment (preschool vs school). This
might lead to a delayed diagnosis, possibly explaining the
second peak in the fifth and sixth year of life in unilateral
cases. Another explanation for delayed diagnosis could be
related to the cause of hearing loss, as late-onset, genetic,
progressive and acquired causes are more frequently ob-
served in unilateral cases [23, 24]. The phenomenon of late
diagnosis of unilateral hearing loss has also been described
by others. In US, Taiwanese and Dutch studies, the medi-
an ages at diagnosis were 52.8 months [23], 50.3 months
[25] and 39.6 months [26], respectively. Therefore, the rel-
atively high median age at diagnosis for unilateral hearing
loss observed in our study is comparable to published da-
ta from other countries before universal newborn hearing
screening was implemented.

For bilateral hearing loss, the median age at diagnosis was
25.8 months. The marked peak in the first year of life could
be explained by cases of congenital hearing loss detected
by newborn hearing screening. In our study, age at diagno-
sis of bilateral hearing loss is inversely related to the sever-
ity of hearing loss; in bilateral cases of WHO grade III and
IV, the median ages at diagnosis were 17.1 and 4.5 months,
respectively. Children with bilateral hearing loss of higher
grades are usually detected by newborn hearing screening
and tend to have more observable symptoms leading to
earlier diagnosis [17, 27-29]. Nevertheless, even in bilat-
eral cases, the age at diagnosis is relatively high in our co-
hort and performs unfavourably in terms of international
recommendations [30, 31]. The literature provides variable
numbers regarding the median age at diagnosis, ranging
from 2.9, 3.0, 3.2 and 8.4 months, respectively, in Ger-
man, US, French and Dutch studies [18, 26, 32, 33] to 20.5
and 20.2 months, respectively, in Italian and Saudi Ara-
bian studies [34, 35]. Direct comparisons might be lim-
ited by differences in study design and screening rates.
However, well established newborn hearing screening pro-
grammes with high screening rates have been demonstrat-
ed to significantly lower the median age at diagnosis [18,
36]. Considering the critical time period that is crucial
for speech and language development, cases with bilater-
al WHO grade II and III hearing loss are diagnosed late,
resulting in delayed treatment with hearing aids and, cor-
respondingly, negative consequences for the affected chil-
dren.

Children with a documented failed newborn hearing
screening test were diagnosed at a median age of 4.0
months. This finding confirms that children who fail the
newborn hearing screening test are in fact diagnosed early,
which underlines the positive effect of newborn hearing
screening. In our study, data concerning newborn hearing
screening was incomplete due to the retrospective design
of the study and inconsistent documentation of this infor-
mation in medical records. While the analysis of our da-
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ta does not allow us to clearly identify the cause of late
diagnosis, certain mechanisms may be suggested by com-
parison with published literature data. Congenital hearing
loss can be missed at birth if newborn hearing screening is
not conducted, if children are lost to follow-up and if false
negative screening results occur. According to a recent as-
sessment in 47 countries and regions, screening rates are
estimated to be approximately 96% [37]. A German study
published in 2023 reported a screening rate of 98.7% [38],
an Israeli study 98.7% [36] and an Australian study 96.2%
[39]. The screening rate in Switzerland was not assessed
in our study, but a survey from 2013 suggested that most
newborns (97.9%) are screened in Switzerland [40]. Ac-
cording to the same study, 13% of newborns with a failed
initial screening test were lost to follow-up [40]. Interna-
tional data show different rates of loss to follow-up after a
failed initial hearing screen, but a systematic review com-
prising 53 articles from 2016 reported loss to follow-up
rates of 20.5% [41].

It is questionable how stronger adherence to the newborn
hearing screening algorithm can be achieved and whether
a legal obligation would be advantageous over a mere rec-
ommendation. It should also be taken into account that
slight hearing loss, hearing loss confined to specific fre-
quency ranges and hearing loss due to auditory neuropathy
spectrum disorders can be missed due to methodological
limitations such as using oto-acoustic emissions for new-
born hearing screening [42]. In addition, late-onset, pro-
gressive and acquired hearing loss are potential explana-
tions for late diagnosis. Routine hearing evaluation by pae-
diatricians, hearing testing when the hearing status of a
child has to be questioned due to specific symptoms (e.g.
reduced response, speech and language delay) and contin-
ued audiometric surveillance of children at risk of develop-
ing late-onset hearing loss (e.g. intrauterine CMV and oth-
er infections, positive family history, certain syndromes,
meningitis) are important [16].

In our study, unilateral hearing loss was less common than
bilateral hearing loss. This corresponds to the results of
other studies showing a unilateral hearing loss in 20% to
42% of all hearing loss cases [24-26, 32]. Likewise, the
distribution of type and grade of hearing loss in our study
is also comparable to published data from other countries
[18, 26, 43, 44].

While most children with bilateral hearing loss had a docu-
mented failed hearing screen (37.4%), a smaller proportion
passed the hearing screen and possibly developed hearing
loss after the newborn period (6.5%). In only 1.9% of cas-
es, newborn hearing screening was not performed. Due to
the retrospective nature of the study and inconsistent docu-
mentation of screening status in medical records, the status
of newborn hearing screening remained unknown in 23.4%
of the cases, limiting further analysis. Given the relatively
high median age at diagnosis in this group, it can be as-
sumed that the hearing loss of some of these children was
missed at birth.

In our study, three quarters of cases were referred from
the private sector (paediatricians; ear-nose-throat special-
ists), while the remaining cases were directly referred from
hospitals (maternity clinics; children’s hospitals). This was
surprising, as the algorithm of newborn hearing screening
at that time required a full paediatric audiology assessment
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of those failing oto-acoustic emissions testing in both ears
at the birth clinic. However, the distribution in our study
corresponds to data from Zurich [40] that was comparable
regarding the proportions of referrals from the private sec-
tor (slightly over 75%) and might be explained by the usual
pattern of referrals at this time, possibly contributing to a
delay in diagnosis.

To our knowledge, this is the first study on the age at diag-
nosis of paediatric permanent hearing loss in Switzerland.
Moreover, our study demonstrated the positive effect of the
newborn hearing screening programme on the age at diag-
nosis. The fact that our descriptive date is mostly consis-
tent with published data suggests a high degree of repre-
sentativeness of our study population.

Limitations

The main limitation of our study is due to the retrospective
design of the study and data quality. In particular, infor-
mation regarding the status of newborn hearing screening
was incomplete due to inconsistent documentation in med-
ical records, thereby limiting further analysis. Moreover,
information in other areas was also limited, often making
it impossible to adequately differentiate between late diag-
nosis of congenital hearing loss and late-onset or even ac-
quired hearing loss, thereby hindering the comparison with
published data. Selection bias might have influenced our
study, possibly impacting the external validity of the re-
sults. Therefore, additional prospective studies would be
required to provide sound recommendations for improved
diagnosis and screening of paediatric hearing loss.

Conclusion

Overall, the age at diagnosis of paediatric permanent hear-
ing loss is variable. A considerably late diagnosis was
found in some cases, especially in cases of bilateral hearing
loss that should have been diagnosed by newborn hearing
screening in congenital cases and in unilateral hearing loss.
The median age at diagnosis was lower at higher WHO
grades of bilateral hearing loss. Children with bilateral
hearing loss and documented failed newborn hearing
screen are diagnosed early, confirming the positive effect
of the newborn hearing screening programme in Switzer-
land. Therefore, adherence to national newborn hearing
screening recommendations is important. Newborn hear-
ing screening should be conducted in all newborns, and
failed results should be followed up appropriately. As hear-
ing loss might be missed in the newborn period or might
develop afterwards, an increased awareness of this issue is
crucial during further childhood, and the hearing status as
well as speech and language development should be reg-
ularly assessed or whenever required. It is likely that the
newly issued revised national recommendations for bilat-
eral newborn hearing screening in Switzerland will result
in earlier diagnosis of permanent paediatric hearing loss,
especially in unilateral cases. It will hopefully further raise
awareness of the importance of a timely diagnosis of pae-
diatric hearing loss in general.
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