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Abstract

Background Congenital aural atresia (CAA) and stenosis is a rare defect affecting the external auditory canal which
causes varying degrees of hearing impairment. This malformation may be unilateral or bilateral. Timely hearing
rehabilitation in these patients is paramount to ensure appropriate speech and language development. Thus, early
detection and hearing assessment with timely intervention in the form of hearing device is crucial. There is a wide
range of hearing amplification devices available for these patients, catering to individual needs and preferences. This
study investigated the options and choices of hearing rehabilitation among patients with CAA in our center. This
study also compared the hearing gain of different types of hearing devices and patient satisfaction levels.

Methods This was a retrospective analysis of 55 patients with congenital aural atresia or stenosis under follow-up at
the Otorhinolaryngology and Audiology Clinic of a tertiary academic institution. Data on the timing of hearing loss
diagnosis and intervention, type of hearing rehabilitation, hearing gain, Jahrsdoerfer score from temporal bone com-
puted tomography, and patient satisfaction level was collected and analyzed.

Results Fifty-five patients were recruited with ages between 3.6 months to 58 years old. The majority of patients
(63.6%) had moderate hearing loss, followed by severe hearing loss (18.2%), mild hearing loss (9.1%) and profound
hearing loss (7.3%). 32.7% of patients had early hearing loss diagnosed by 3 months old, while 67.3% were diagnosed
after 3 months of age. Bone anchored hearing implant (BAHA Attract/Connect) gave the highest mean hearing

gain of 35.23 dB (SD +9.75) compared to air conduction hearing aid, bone conduction hearing aid, and canalplasty.
Patients implanted with BAHA Attract/Connect reported the highest average satisfaction scores of 7.74.

Conclusion A significant proportion of patients have delayed diagnosis and intervention. Bone-anchored hearing
implants provide excellent hearing improvements in patients with CAA with good patient satisfaction.

Keywords Aural atresia, Canal stenosis, Hearing rehabilitation, Bone anchored hearing implant, Hearing gain,
Diagnosis, Intervention
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Background

Congenital aural atresia (CAA) and stenosis is a mal-
formation of the external auditory canal in which there
is an incomplete development of the ear canal resulting
in hearing deficits. It occurs as a result of failure in the
embryological development of the first branchial arch
whereby the first branchial groove epithelial plate does
not canalize (atresia) or has incomplete canalization
(stenosis) [1]. The majority of patients with CAA have
a malformed (microtia) or absent (anotia) external ear.
This malformation is unilateral in most patients and has
a tendency to be right-sided [1, 2]. It may occur as an iso-
lated entity or associated with a variety of chromosomal
abnormalities such as Trisomy 13, 18, and 22 [3]. This
malformation is also seen as part of some syndromes
such as Treacher-Collins and Goldenhar [4].

Prompt diagnosis and intervention is essential in
accordance with the 2019 position statement by the Joint
Committee of Infant Hearing which outlines that hear-
ing screening should be completed by one month of age,
audiological assessment by 3 months of age, and early
intervention by 6 months of age [5, 6]. Delay in diagnosis
and intervention will lead to significant negative implica-
tions to the child’s speech and language development [7].
This is due to the narrowed or absent external ear canal
which causes substantial conductive hearing loss of up to
60dBHL on the affected side [7].

Hearing rehabilitation for patients with CAA is the
mainstay of management. There are several options avail-
able that cater to different patient populations. After
birth, hearing amplification should be offered without
delay once the child has undergone the necessary medi-
cal and audiological assessments. The most common and
practical option is a bone conduction hearing aid (BCHA)
in the form of a headband or softband. As the child grows
older, other treatment options can be considered, such as
reconstructive surgery and implantable hearing devices.
Implantable hearing devices aim to amplify sound via
bone conduction which directly stimulates the cochlear.
With the latest advances, implantable hearing aids have
shown promising results in terms of audiological ben-
efits. Whereas atresia reconstructive surgery aims to cre-
ate a clean, dry external ear canal to improve hearing. A
helpful guide in determining if a patient would benefit
from atresia surgery is the Jahrsdoerfer classification [4].
Quality of life (QOL) scores following hearing interven-
tion have also shown significant benefits [8, 9].

Traditionally, hearing rehabilitation has been empha-
sized in cases of bilateral CAA while patients with uni-
lateral CAA were thought to be able to compensate with
the normal ear. However, this perception is no longer
valid as recent studies have shown evidence that children
with unilateral CAA have significant delays in speech/
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language development and suffer from poorer school
performance [10].

The Joint Committee of Infant Hearing has recom-
mended early hearing detection and intervention to
optimize auditory perception, speech and language
development [6]. In our local setting, newborn hearing
screening has been implemented in stages in government
hospitals, initially focusing on high-risk infants and later
expanding to include all infants [11]. This study aimed to
evaluate the timing of hearing loss diagnosis and inter-
vention in this group of patients. This study also identi-
fied the types of hearing rehabilitation available in our
center for this group of patients and compared the hear-
ing gain between the type of hearing aids.

Methods

This was a descriptive observational study with a con-
venience sampling method. Ethics approval was obtained
from Medical Research and Ethics Committee, National
University of Malaysia (FF-2020-043). Patients under fol-
low-up at the Otorhinolaryngology and Audiology Clinic
of a tertiary academic institution diagnosed with congen-
ital aural atresia/stenosis were identified from the exist-
ing clinic census and case mix database as well as during
clinic appointments. These patients were invited to par-
ticipate in the study during their scheduled appointments
or via a telephone call. Patients with missing file records
or incomplete data, or with less than 6 months of follow-
up duration were excluded.

The written informed consent was obtained from all
recruited patients who were of the age to give consent.
However, for patients who were below 18 years of age,
consent was obtained from their parents. Data was col-
lected from the patients using a data collection sheet dur-
ing the scheduled appointments or via a telephone call.
High-resolution computed tomography (HRCT) scan of
the temporal bone was reviewed and Jahrsdoerfer scoring
done accordingly. Patients were categorized according
to the timing of hearing loss diagnosis and intervention
based on the recommendations by the Joint Committee
of Infant Hearing [6].

Hearing assessments with pure tone audiometry
(PTA) or auditory brainstem response performed
before and after hearing intervention were reviewed
and analyzed. The results of hearing thresholds at fre-
quencies of 0.5, 1, 2, and 4 kHz pre- and post-interven-
tion were used to calculate hearing gain [12, 13]. The
hearing gain was calculated as the difference between
pre-intervention and post-intervention air conduc-
tion hearing thresholds. Patient satisfaction towards
their hearing aid was assessed using a 10-point Likert
scale in which 0 is least satisfied and 10 indicates most
satisfied.
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Table 1 Summary of patient demographic data Table 2 Patient characteristics
Patient demographic Number of Characteristic Number of
patients, n patients, n
(%) (%)
Age (years) Laterality of canal stenosis/atresia
Mean 1437+£11.18 Bilateral 20 (36.4)
Minimum 0.3 (4 months) Unilateral 35 (63.6)
Maximum 58 Right 26 (47.3)
Gender Left 9(16.3)
Male 36 (65.5) Canal cholesteatoma
Female 19 (34.5) Present 6(10.9)
Ethnicity Absent 49 (89.1)
Malay 30 (54.5) Hearing threshold
Chinese 20 (36.4) Normal 1(1.8)
Indian 50.1) Mild 5(5)
Syndromic Moderate 35 (63.6)
Yes 17 (30.9) Severe 10(18.2)
No 38 (69.1) Profound 4(73)

Statistical analysis

Data analysis was performed using the IBM Statisti-
cal Package for Social Sciences (SPSS) version 26.0. All
p values<0.05 are considered as statistically significant.
Descriptive statistics were calculated, where frequency and
percentage were calculated for categorical data, and mean,
median, standard deviation, and ranges for continuous
data. Comparison between the usage of hearing aids with
unilateral versus bilateral affected ears and the hearing
thresholds was done using Fisher’s exact test. Independent
t-test was used to compare the hearing gain between the
different types of hearing rehabilitation options.

Results
There was a total of 55 patients recruited in this study.
The mean age of the patients was 14.37 years (+11.18).
The oldest patient was 58 years old and the youngest
was 3.6 months old. There were 36 (65.5%) male and 19
(34.5%) female patients. The majority of the patients were
of Malay ethnicity (54.4%), followed by Chinese (36.4%)
and Indian (9.1%). Seventeen (30.9%) patients had other
associated syndromic features (refer to Table 1). Four
patients were diagnosed in our center, while fifty-one
patients were diagnosed in other hospitals before being
referred to our center for further management.
Thirty-five (63.6%) patients had congenital aural atre-
sia/stenosis affecting one ear with 20 patients having
bilateral ear affected. Out of the 55 patients, six (10.9%)
patients had canal cholesteatoma. These patients’ hearing
levels ranged from normal hearing to profound hearing
loss bilaterally. Specifically, 1.8% of patients had normal

Table 3 Jahrsdoerfer scores from HRCT temporal bone

Number of
patients, n=46
(%)

Jahrsdoerfer score

Favorable (>7) 24
Underwent canalplasty 6°
Do not undergo canalplasty 18
Unfavorable (<7) 22
Underwent canalplasty 20
Do not undergo canalplasty 20

@ Canal cholesteatoma present in four patients

b Canal cholesteatoma present in two patients

Table 4 Timing of hearing loss diagnosis

Timing Hearing loss
diagnosis, n
(%)

Early (€3 months old) 18 (32.7%)

Delayed (>3 months old) 37 (67.3%)

hearing, 9.1% had mild hearing loss, 63.6% had moderate
hearing loss, 18.2% had severe hearing loss, and 7.3% had
profound hearing loss (refer to Table 2).

HRCT of the temporal bone was done in 46 patients
during the study period. Of these patients, 24 had
favorable Jahrsdoerfer scores of seven or more while 22
patients had unfavorable Jahrsdoerfer scores. Canalplasty
was performed for eight patients, of which six had
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Table 5 Timing of hearing loss intervention

Timing Hearing loss
intervention,
n (%)

Early (€6 months old) 8 (21.6%)

Delayed (> 6 months old) 29 (78.4%)

Table 6 Hearing rehabilitation in patients with unilateral vs
bilateral CAA

Hearing rehabilitation  Unilateral Bilateral Total, n=55
CAA,n=35 CAA,n=20

BCHA 2 12 14

ACHA 5 3 8

Canalplasty 7 1 8

BAHI 4 3 7

Without rehabilitation 17 1 18

favorable anatomy based on the Jahrsdoerfer grading
scale. Canalplasty was done in six patients in view of
the presence of canal cholesteatoma. Only two patients
underwent canalplasty primarily for hearing rehabilita-
tion (refer to Table 3).

The timing of diagnosis of hearing loss in most
patients (67.3%) was after 3 months of age. 20% of
patients were diagnosed between 3 months to 1 year
old, while 47.3% were diagnosed after 1 year old (refer
to Table 4). Only 37 (67.3%) patients subsequently
underwent hearing rehabilitation. Most patients
(78.4%) had late intervention (refer to Table 5).
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In terms of types of hearing rehabilitation, seven
(9.1%) patients were fitted with a bone-anchored hear-
ing implant (BAHI), which was either BAHA Connect
or BAHA Attract. Eight (14.5%) patients underwent
canalplasty, eight (14.5%) patients opted for air con-
duction hearing aid (ACHA) while 14 (25.5%) patients
were fitted with bone conduction hearing aid (refer to
Table 6 and Fig. 1). Of the 37 patients who received
hearing rehabilitation, 13 subsequently changed to a
different type of hearing aid. Twelve patients transi-
tioned to BAHI while one patient who was fitted with
air conduction hearing aid later underwent canalplasty
for canal cholesteatoma.

A significant association was found between the usage
of hearing aids with the number of affected ears, in which
bilateral affected ear is significantly associated with the
use of hearing aid (p=0.001). Moderate to severe hear-
ing loss was also significantly associated with hearing aid
usage. However, the number of affected ears and degree
of hearing loss were not significantly associated with ear-
lier diagnosis (p=0.533, p=0.140).

The highest mean hearing gain after hearing reha-
bilitation was 35.23 dB (SD +9.75) for BAHA Connect/
Attract, followed by 30.23 (SD+12.15) for air conduc-
tion hearing aid, 29.54 dB (SD +5.70) for bone conduc-
tion hearing aid and least was 9.06 dB (SD+7.61) for
canalplasty. A comparison of hearing gain was done
between BAHA Connect/Attract, ACHA, BCHA, and
canalplasty using an independent 7-test. A significant
difference in hearing gain was seen between canalplasty
and BAHA Connect/Attract (p<0.001) only. There was
no significant difference in hearing gain between BAHA
Connect/Attract with bone conduction hearing aid or air

Hearing rehabilitation among patients with CAA
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Table 7 Patient satisfaction of hearing rehabilitation

Hearing rehabilitation Satisfaction

(mean)
BAHI 774
BCHA 6.75
Air conduction hearing aid 6.67
Canalplasty 7.63

conduction hearing aid. All patients who received BAHA
Connect/Attract reported the highest average satisfac-
tion score of 7.74 out of 10 (refer to Table 7 and Fig. 2).

Discussion

Congenital aural atresia (CAA) and stenosis is a rare
external auditory canal defect resulting from aberrant
development of the first branchial arch and its derivatives
[3, 12]. The term CAA encompasses varying degrees of
deformity from stenosis to complete absence of the exter-
nal auditory canal.

The demographic results in this study are similar to
those in existing literature in which the condition is
commonly unilateral and tends to affect the right side
[1, 2]. Among our study population, a proportion of our
patients were syndromic, most of which had Goldenhar
syndrome.

Our study showed most patients were diagnosed and
intervened late after 3 months and 6 months of age
respectively. Most of our patients (94.6%) were referred
from other centers, in which the timing of hearing assess-
ments may vary. Our findings are similar to a recent local
analysis which reported 81% of infants did not complete
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diagnostic audiological assessments within 3 months.
Likewise, global surveys reported an average age of diag-
nosis of 4.6 months and 34.9 months for screened and
unscreened infants respectively [14]. Hamzah and col-
leagues [15] identified late referrals and long waiting time
for appointments as factors leading to delayed diagnosis.
This is exacerbated by a lack of awareness among health-
care professionals, where a local study revealed only 20%
had good knowledge on newborn hearing screening and
22% were not aware of the program [16]. This is com-
pounded by poor knowledge among mothers regarding
childhood hearing loss and its impact [17]. Other factors
contributing to delayed diagnosis are parental denial or
confusion, late recognition by parents and lack of expla-
nation by professionals [15].

Our study also found that patients with moderate
to severe hearing loss were more likely to receive hear-
ing aids, indicating that the degree of hearing deficit
affected patients’ choice to seek hearing rehabilitation.
Chien and Lin [18] found that the take-up rate for hear-
ing aids was highly related to the severity of hearing loss.
This could be due to the hearing loss having a greater
impact on their ability to hear and carry out their daily
routines [19]. Unfortunately, our study did not find a sig-
nificant correlation between the severity of hearing loss
and earlier diagnosis. This may indicate the hearing loss
was undetected due to a lack of access to hearing screen-
ing facilities in some centers. 63.6% of our patients had
unilateral CAA and half did not adopt any form of hear-
ing rehabilitation. A possible explanation is that the hear-
ing deficit may not have caused an obvious impairment.
Thus, the parents or patients themselves probably did not
find it crucial to seek treatment. Similarly, Golub et al.

Hearing gain and patient satisfaction level
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[20] reported individuals with unilateral hearing loss to
have low hearing aid usage.

Other than that, a significant proportion of patients
(32.7%) did not proceed with hearing rehabilitation. Most
of these patients who did not receive hearing rehabilita-
tion had unilateral CAA with mild to moderate hearing
loss. Again, unilateral hearing loss had previously been
thought to be of little consequence, and hearing rehabili-
tation was not emphasized in this group of patients [7].
However, over the last decade, numerous studies show
significant speech, educational and behavioral deficits
in these patients [21]. Therefore, these patients and their
parents/carers should have adequate counseling to dispel
any misconceptions towards hearing devices.

Based on the results of this study, hearing loss detection
and intervention among our patients are not within the
recommended timeframe by the Joint Committee of Infant
Hearing [6]. Late diagnosis could be attributed to poor
understanding of the condition among patients and carers,
leading to delayed intervention. Difficult access to infor-
mation may also play a role. Thus, more initiatives to raise
public awareness are needed to educate on the importance
of early hearing rehabilitation in these patients.

In our study, a large proportion of patients opted for
non-surgical bone-conduction hearing aids such as the
softband BAHA, ADHEAR, and conventional bone-
conduction hearing aid. Early hearing amplification
with these devices can be instituted in infants as young
as 3 months old [22]. The major advantage of the bone-
conduction hearing aid is its ease of application and non-
invasive nature, making it recommended for children
awaiting other forms of hearing aids. Fourteen patients
in our study who had opted for bone-conduction hearing
aids later proceeded with bone-anchored hearing implant
(BAHI). Studies by Goh et al. [23] and Mazita et al. [24]
demonstrate that BAHI has reliable hearing outcomes in
addition to being easy to handle, comfortable, and cos-
metically acceptable [8].

The option of atresia reconstructive surgery or
canalplasty in CAA requires assessment with high-reso-
lution computed tomography (HRCT) temporal to help
decide if the patient will benefit from surgery. It aims
to create a clean, dry external auditory canal to facili-
tate amplification-free hearing. The CT gives valuable
information on the status of the middle and inner ear
as well as the presence of cholesteatoma. Based on CT,
the Jahrsdoerfer classification is a useful guide to deter-
mine if a patient would benefit from atresia surgery [4].
For most centers, a Jahrsdoerfer score of 7 and above is
considered favorable for canalplasty. Complications of
this surgery include restenosis, facial nerve palsy, and
recurrent canal infections [12, 22]. Bouhabel et al. [12]
reported that 26% of patients will need a repeat surgery
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and 30% will still require a conventional hearing aid post-
surgery. In addition, post-canalplasty care involves toilet-
ing and dressing which needs the patient’s cooperation,
hence young children may not be ideal candidates. In
this study, canalplasty was performed for eight patients,
of which six patients had favorable Jahrsdoerfer scores
while 2 patients had unfavorable Jahrsdoerfer scores. The
indication for canalplasty in most patients in our study
was canal cholesteatoma. This is because canalplasty
has poorer hearing outcomes compared to BAHI and is
a technically challenging surgery with relatively higher
rates of complications [25].

The audiological benefits of hearing rehabilitation
in patients with CAA are undeniable. There have been
numerous studies comparing between the different
options of hearing rehabilitation. In our study, BAHA
Connect/Attract achieved the highest functional gain
(35.23 dB; SD+9.75) compared to other types of reha-
bilitation. Bone-anchored hearing implants have been
established as being superior to external auditory canal
reconstruction (EACR) [12, 26]. Even in patients with
favorable Jardoerfer scoring, canalplasty does not achieve
comparable hearing gain as BAHA Connect /Attract.
Thus, canalplasty as an option of hearing rehabilitation is
not the best choice but is done primarily for canal cho-
lesteatoma while BAHA Connect/Attract should be con-
sidered as one of the main solutions for individuals with
CAA. In our study, 14 patients transitioned to BAHA
Connect/Attract. Previous studies have shown that
BAHA Connect/Attract has improved patient’s quality
of life and well-being as well as giving immense satisfac-
tion with regard to comfort, speech perception, and ease
of use [8, 9]. This was consistent with our finding that
individuals who received BAHA Connect/Attract had the
highest satisfaction scores (mean 7.74).

Conclusion

A significant proportion of patients have delayed diagno-
sis and intervention emphasizing the need for improved
access and more initiatives to ensure timely identification
of hearing loss and intervention. Bone-anchored hear-
ing implants provide excellent hearing improvements in
patients with CAA with good patient satisfaction. Non-
surgical options include air conduction hearing aids
and bone conduction hearing aids which provide mod-
est audiological benefits. Canalplasty still has a role in
cases of canal cholesteatoma and in reconstruction of the
atretic canal despite poor hearing gain.

Limitations

In this study, most of our patients were referred from
multiple centers thus results may not accurately reflect
data specific to our center. Late referrals and delays in
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obtaining an appointment may contribute to the delay in
hearing diagnosis and intervention. Additionally, these
patients may be referred from hospitals far from our
center and have logistic problems causing the late con-
sultation. In some patients referred from other hospitals,
the referring hospital did not provide initial diagnostic
hearing assessment results. Thus, the timing of hearing
loss diagnosis was obtained from the parents or caretak-
ers which may result in recall bias. Other than that, this
study did not assess the speech outcome of patients as
our sample population included patients of all ages with
different speech skills which could not be standardized.

Recommendation

Further prospective and long-term studies to evaluate
the outcome of hearing rehabilitation in these patients.
We also recommend that programs to improve access
to hearing screening facilities and more initiatives are
needed to ensure timely identification of hearing loss and
intervention in these patients.
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