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Abstract

Background: The management of pediatric microtia and congenital hearing loss typically
necessitates coordinated multidisciplinary input. Traditional fragmented care pathways
across multiple specialties may contribute to delayed diagnosis and treatment interven-
tion, inconsistent counselling, increased logistical burden, and suboptimal care integration.
Objectives: We aimed to evaluate family-reported outcomes following implementation
of a multidisciplinary Hearing Disorder and Microtia (HDM) clinic, focusing on family
satisfaction, perceived care efficiency, understanding of disease and treatment, and early
uptake of hearing rehabilitation. Methods: A prospective observational study was con-
ducted on families attending the HDM clinic at a tertiary pediatric center between 2022
and 2024. A structured post-visit survey assessed satisfaction, perceived efficiency, un-
derstanding of disease and treatment options, and overall experience. Quantitative data
were analyzed descriptively, while qualitative responses underwent thematic analysis.
Results: Twenty families were included. Overall satisfaction was high, with 95% rating
the clinic experience as very good to excellent and expressing willingness to recommend
the service. Improved care coordination and clarification of counselling were reported by
the majority of respondents, alongside reduced logistical burden. Notably, 65% of families
initiated hearing rehabilitation at the first visit. Thematic analysis identified convenience,
unified specialist communication, and clarity of management planning as key strengths
of the multidisciplinary model. Conclusions: A structured multidisciplinary HDM clinic
significantly improves caregiver experience and facilitates earlier hearing rehabilitation in
children with microtia and congenital hearing loss. Integrated care delivery enhances com-
munication, reduces fragmentation, and supports timely, family-centered decision-making.
This model may serve as a framework for other complex pediatric otologic conditions
requiring longitudinal multidisciplinary management.
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or stenosis, resulting in varying degrees of conductive hearing loss [1]. The reported inci-
dence of microtia varies geographically, ranging from approximately 1 to 5 per 10,000 live
births, with higher prevalence observed in certain Asian and Hispanic populations [1-3].
Although unilateral disease is more common, bilateral involvement can occur and may
significantly impact early auditory and speech development.

Children with congenital conductive hearing loss secondary to microtia and aural
atresia often require coordinated assessment involving otolaryngologists, audiologists,
facial plastic surgeons, speech therapists, radiologists, and, in selected cases, geneticists
and psychologists. Management extends beyond restoration of hearing alone and includes
optimization of speech and language development, psychosocial support, educational
integration, and reconstructive planning [3-5]. These patients frequently undergo lon-
gitudinal follow-up across childhood and adolescence, with interventions occurring at
different developmental stages depending on hearing needs, craniofacial growth, and
reconstructive readiness.

Early hearing rehabilitation is particularly important in the pediatric population be-
cause auditory stimulation during infancy and early childhood is critical for normal cortical
auditory pathway maturation and speech-language acquisition [5,6]. Even unilateral con-
ductive hearing loss, previously thought to have limited functional consequence, has
increasingly been associated with deficits in sound localization, speech discrimination in
noisy environments, classroom participation, and increased listening fatigue [6-8]. Such
findings have contributed to growing advocacy for earlier diagnosis and treatment with
hearing amplification through structured multidisciplinary intervention.

Despite the complexity of management, care delivery for children with microtia and
hearing disorders remains fragmented in many healthcare systems. Families commonly
attend multiple appointments across separate specialties over prolonged periods of time,
as illustrated in Figure 1. This traditional model may result in repeated hospital visits,
inconsistent counselling, delayed diagnosis and decision-making, and increased caregiver
burden. The logistic demands are particularly significant for families with infants and
young children, especially when appointments require coordination between audiological
testing, surgical consultations, and hearing rehabilitation trials. Additionally, caregivers
are often expected to assimilate large amounts of information from different specialists
independently while simultaneously navigating uncertainty regarding reconstructive tim-
ing, hearing rehabilitation options, educational implications, and long-term developmental
outcomes. These often lead to delays in intervention and reduced adherence to follow-up.
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Figure 1. Workflow of the traditional (conventional) care pathway for pediatric microtia and hearing loss.

The multidisciplinary clinic model has therefore emerged as an increasingly impor-
tant strategy in the management of complex pediatric conditions. Such models facilitate
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coordinated assessment, unified counselling, and collaborative decision-making between
specialties. In otolaryngology, multidisciplinary approaches have been successfully im-
plemented in areas including cleft care, airway disorders, cochlear implantation, and
craniofacial reconstruction. However, there remains limited literature specifically eval-
uating multidisciplinary clinics dedicated to pediatric microtia and hearing disorders,
particularly within Asian healthcare settings.

To address these challenges, the Hearing Disorder and Microtia (HDM) clinic was
established at KK Women’s and Children’s Hospital, Singapore, in 2022. The clinic provides
integrated services from otolaryngology, audiology, and facial plastic surgery (FP) into a
coordinated single-visit model designed to streamline disease evaluation and counselling
for children with congenital hearing disorders and auricular anomalies. The clinic aims to
promote collaboration across specialties to enhance patient and family experiences by devel-
oping a cohesive approach to diagnosis, disease understanding, and treatment planning.

The objective of this study was therefore to evaluate the caregiver-reported experiences
following attendance at the HDM clinic. Specifically, this study aimed to assess family
satisfaction, perceived efficiency of care delivery, understanding of disease and treatment
options, and the perceived impact of this integrated multidisciplinary care model on early
hearing rehabilitation uptake. Through this evaluation, we aim to examine whether an
integrated multidisciplinary clinic model can enhance patient-family experience and serve
as a framework for future pediatric otologic care delivery.

2. Materials and Methods
2.1. Study Design and Ethical Approval

This prospective observational study included all respondents who attended the HDM
clinic between 2022 and 2024. A customized HDM clinic survey form, adapted from a
similar survey used for cardiac patients, was administered following the clinic visit to
collect real-time feedback on patient satisfaction, understanding of the disease, perceived
quality of care, and overall experience [2].

Ethical approval for this study was obtained from the SingHealth Centralised Institu-
tional Review Board, Singapore (CIRB Ref. No. 2024/2078). Written informed consent was
obtained from all participants or their legal guardians.

2.2. Clinic Workflow

Eligibility included all patients referred to the paediatric otolaryngology department
for external or middle ear anomalies or single-sided deafness unsuitable for conventional
behind-the-ear hearing aids. Common diagnoses included microtia, aural atresia or stenosis,
canal wall down mastoidectomy, and cochlear nerve aplasia.

The HDM clinic operates through a structured workflow designed for comprehensive
same-day evaluation in a single visit. Upon arrival, families are seen by relevant specialists
in a coordinated manner, including the otolaryngologist, audiologist, and facial plastic
surgeon if reconstruction is required, as illustrated in Figure 2.

For infants with newly diagnosed conditions, audiometric testing using audiometric
brainstem response (ABR) testing is conducted during the same visit. For older children
who have previously undergone audiometric testing, consultations proceed directly with-
out the need for repeat testing. Specialists review the clinical history, perform examinations,
discuss the audiometric results, and provide condition-specific counselling.

Key counselling points include:

- Structured counselling regarding natural history of congenital hearing disorders and
expected developmental implications with or without treatment.
- Importance of early intervention for hearing loss to mitigate speech and language delay
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- Hearing rehabilitation options including bone-anchored hearing aids (BAHA), con-
tralateral routing of signal (CROS) devices, and frequency modulation (FM) systems.
On-site trials of hearing devices are offered.

- Surgical hearing rehabilitation, such as bone-anchored hearing implantation if indicated

- Counselling regarding realistic expectations of hearing outcomes, device or treatment
compliance and long-term follow-up

- Reconstructive options for microtia and optimal timing of intervention by facial plastic
surgeon for patients with microtia requiring reconstructive evaluation

Newly Diagnosed Microtia,
aural atresia

*
Audiometric confirmation of
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HOM Clinic L.
ENT, Audiclogy +/- FP counselling

Same day

Single Sided Deafness

review —t
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Figure 2. Workflow of the Hearing Disorder and Microtia (HDM) multidisciplinary clinic pathway.

The multidisciplinary format also enabled real-time discussion between specialists
during the clinic encounter. This facilitated alignment of treatment recommendations, re-
duced conflicting information, and allowed development of an individualised management
plan tailored to each patient’s anatomical findings, hearing profile, developmental stage,
and family preferences.

2.3. Data Collection
The survey comprised three sections:

- Demographic and Clinical Details: patient age, microtia type, and type of hearing loss.

- Quantitative Metrics: a 5-point Likert scale assessing satisfaction, perceived ease
of process, understanding of disease and rehabilitation options, and likelihood of
recommending the clinic.

- Qualitative Feedback: open-ended questions exploring family experiences and overall

impressions, with suggestions for improvement.

The surveys were distributed and collected by clinic patient service assistants in the
waiting area without the involvement of clinical staff. Responses were collected anony-
mously to minimize potential response bias and social desirability bias.

2.4. Data Analysis

Quantitative data was analyzed with descriptive statistics to determine satisfaction
levels and identify trends. Qualitative responses were analyzed to identify common themes,
providing deeper insights into families” experiences.

3. Results
3.1. Demographics and Clinical Data

Twenty families participated in the study. The cohort comprised 60% male and 40%
female patients. The age distribution was as follows: 0-12 months (40%), 1-3 years (15%),
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3-7 years (15%), and >7 years (30%) as illustrated in Table 1. All patients had conductive
hearing loss (CHL) associated with microtia, external or middle ear anomalies. All cases
involve unilateral microtia with at least moderate CHL. Although these patients had been
diagnosed with microtia at birth, none had undergone hearing rehabilitation prior to
referral to our clinic.

Table 1. Demographics and Clinical Data of all participants.

Demographics Number Percentage (%)
M 12 60
Gender

F 8 40

0-12 months 8 40

o . 1-3 years 3 15

Age distribution of patients

3-7 years 3 15

Above 7 years 6 30
Yes 20 100

Presence of CHL No 0 0
Microtia 20 100

3.2. Satisfaction Metrics

Survey results demonstrated a high level of satisfaction with the HDM multidisci-
plinary clinic model. Ninety-five percent of respondents felt the clinic was worthwhile
and rated their satisfaction with the multidisciplinary team (MDT) setting as very good
to excellent. Ninety-five percent would strongly recommend the clinic to other families.
Improved care coordination between specialties was reported by 90% of respondents, while
85% felt more empowered to ask questions and engage in decision-making.

Notably, 65% of families proceeded with hearing rehabilitation at the first visit, high-
lighting the clinic’s potential in facilitating timely intervention. These patients underwent a
softband bone conduction hearing device trial and elected to proceed with fitting of the
device following the trial. Figure 3 illustrates these findings, emphasizing high satisfaction
levels and perceived benefits among families.

HDM Clinic: Family Experience and Hearing Rehabilitation Outcomes

Satisfied with MDT clinic 95

Recommend HDM clinic 95

95

Found clinic worthwhile

Improved communication

Clear coordinated care plan

Better understanding of condition

Appreciated open discussion

Opted for hearing rehabilitation

0 20 40 60 80 100
Percentage of respondents (%)

Figure 3. Family-reported outcomes following attendance at the Hearing Disorder and Microtia
(HDM) multidisciplinary clinic.
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Qualitative responses additionally suggested that families valued receiving coordi-
nated counselling from multiple specialists during a single visit. Several caregivers reported
improved understanding of hearing rehabilitation options, reconstructive timelines, and
overall management pathways following attendance at the HDM clinic.

3.3. Qualitative Outcomes

Thematic analysis identified three primary areas of positive feedback. Eighty-five
percent of families highlighted the convenience of consulting multiple specialists on a
single visit, reducing travel burden and repeated appointments. Importantly, 90% praised
the professionalism and attentiveness of the multidisciplinary team, valuing the clarity and
cohesion of information shared during consultations. 90% also appreciated that a clear and
structured treatment plan was formulated during the visit, helping families understand the
child’s ongoing management and long-term care. Suggestions for improvement included
enhanced pre-visit educational materials and financial counselling support to enhance
preparedness and engagement during the consultation.

4. Discussion

This study demonstrates the value of a structured multidisciplinary clinic model in
the management of pediatric microtia and associated hearing loss. High levels of care-
giver satisfaction support the growing body of evidence that integrated care pathways
improve both healthcare delivery and patient-reported experience in complex pediatric
conditions [1,2]. Families consistently reported improved clarity of management plans,
streamlined consultations, and enhanced confidence in decision-making following atten-
dance at the HDM clinic.

Children with microtia and congenital aural atresia often require longitudinal care
involving otolaryngology, audiology, and facial plastic surgery, with additional input
from speech and language therapy and radiology in selected cases. Traditionally, care
is fragmented across multiple visits and specialties, which often results in inconsistent
counselling and delayed intervention. Such fragmentation is particularly challenging
in early childhood, where timely auditory stimulation through hearing rehabilitation is
critical for speech and language development [3-5]. The HDM clinic addresses these
limitations by consolidating assessment, counselling, and decision-making into a single
coordinated encounter.

A key finding of this study was that 65% of families initiated hearing rehabilitation
at the first visit, likely reflecting the efficiency of same-day multidisciplinary counseling
and immediate access to device trials. Early auditory rehabilitation is well established as
essential for optimizing neurodevelopmental outcomes in children with hearing impair-
ment, particularly during the critical period of language acquisition [5,6]. The observed
uptake likely reflects improved decision-making efficiency facilitated by same-day multi-
disciplinary counselling, combined audiological and surgical input, and immediate access
to device trials. This integrated approach reduces decisional delay and may enhance
acceptance of hearing rehabilitation strategies.

Although unilateral conductive hearing loss in microtia has historically been consid-
ered minimally disabling, current evidence demonstrates measurable functional deficits
in sound localization, speech perception in noise, classroom performance, and listening
fatigue [7,8]. These challenges support a paradigm shift toward earlier and more proactive
intervention. The HDM clinic model facilitates this by providing structured counselling
on a full spectrum of rehabilitation options, including bone conduction devices, CROS
systems, and implantable hearing solutions, tailored to anatomical suitability, age, and
family preference.
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Beyond auditory rehabilitation, microtia management requires careful consideration
of reconstructive timing and psychosocial impact. Visible auricular differences may con-
tribute to reduced self-esteem, social anxiety, and peer-related stress during school age [9].
Early involvement of facial plastic surgery within a multidisciplinary framework allows
families to understand staged reconstructive options, including autologous costal cartilage
reconstruction, porous polyethylene frameworks, and prosthetic approaches [9-11]. Im-
portantly, integrated counselling ensures alignment between hearing rehabilitation and
reconstructive planning, which often occur on different developmental timelines.

From a systems perspective, multidisciplinary clinics also improve inter-specialty
communication and treatment coherence. Joint consultations facilitate real-time alignment
of management strategies, reduce contradictory recommendations, and promote unified
counselling. Similar benefits have been reported in other pediatric multidisciplinary models,
where structured team-based care improves caregiver satisfaction, reduces variability
in management, and enhances continuity of care [2]. In the context of microtia, this
is particularly relevant given the interplay between functional hearing outcomes and
reconstructive decision-making.

Qualitative feedback in this study further highlighted an important strength of the
HDM clinic in its emphasis on family-centered care. Parents of children with congeni-
tal hearing disorders frequently experience uncertainty and emotional stress following
diagnosis, particularly during infancy when concerns regarding speech and language
development, educational outcomes, and future reconstructive needs are most pronounced.
Multidisciplinary clinics may help alleviate this burden by improving accessibility of
disease information and enabling caregivers to receive consistent recommendations from
multiple specialists simultaneously. The positive qualitative feedback observed in this study
suggests that coordinated counselling contributes substantially to caregiver reassurance
and confidence.

The psychosocial dimensions of microtia management should also not be under-
estimated. Children with visible craniofacial differences may encounter social stigma,
bullying, impaired self-esteem, and emotional distress during school-age years and ado-
lescence [9-11]. Parents often face difficult decisions balancing timing of reconstruction,
hearing rehabilitation, and the child’s psychological readiness. Early multidisciplinary
involvement allows these discussions to occur longitudinally and proactively rather than
reactively. Importantly, integrating reconstructive counselling with hearing rehabilitation
planning ensures that families receive a holistic understanding of both functional and
aesthetic management pathways [12,13].

From a healthcare systems perspective, multidisciplinary clinics may additionally
improve operational efficiency and reduce healthcare utilization burden. Consolidating
multiple consultations into a single coordinated visit reduces duplication of appointments,
administrative burden, and repeated hospital attendance for families. This may be par-
ticularly relevant in tertiary pediatric centers managing complex congenital conditions
requiring repeated longitudinal review. Although formal cost-effectiveness analysis was
beyond the scope of this study, reduced fragmentation of care may potentially translate
into improved clinic utilization and lower indirect societal costs associated with travel,
caregiver work absence, and delayed intervention.

Another notable finding was the high proportion of families who proceeded with
hearing rehabilitation during the initial clinic encounter. Traditional pathways often in-
volve sequential consultations across multiple appointments before hearing rehabilitation
decisions are made. In contrast, the HDM model allows audiological evaluation, spe-
cialist counselling, hearing device demonstration, and multidisciplinary discussion to
occur during the same visit. This streamlined process may reduce decisional uncertainty
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and accelerate intervention during critical developmental windows. Families valued the
ability to receive consolidated explanations from multiple specialists with an improved
perceived understanding of long-term management trajectories. Such findings reinforce the
importance of family-centered counselling in conditions requiring prolonged and staged
intervention across childhood and adolescence.

The findings of this study are consistent with broader literature supporting multidis-
ciplinary pediatric care models. Integrated clinics have demonstrated improved patient
satisfaction, care coordination, and communication across specialties including cleft palate
care, craniofacial services, pediatric airway disorders, congenital cardiac disease, and
cochlear implant programs [14-19]. Multidisciplinary cleft and craniofacial teams have
been associated with improved surgical timing, coordinated longitudinal care, and re-
duction in healthcare disparities [15,16]. Similarly, multidisciplinary airway programs
facilitate coordinated decision-making in children with complex airway disorders [17],
while integrated cochlear implant programs improve early identification and rehabilitative
planning for pediatric hearing loss [18].

The present study additionally contributes regional data from Singapore, where litera-
ture regarding multidisciplinary pediatric microtia services remains limited. The positive
outcomes observed in this study suggest that similar integrated models may be successfully
adapted within other tertiary pediatric otology services in the region.

Despite these strengths, several limitations should be acknowledged. Firstly, no com-
parative control group was included in the data; therefore, the survey findings primarily
reflect perceived benefits rather than objective improvements attributable to the multi-
disciplinary clinic model. Secondly, the study was limited by its small sample size and
single-center design, which may restrict generalizability of the findings.

In addition, outcomes were based on short-term post-visit perceptions and did not
capture longitudinal outcomes such as hearing device compliance, speech and language
development, educational performance, long-term psychosocial impact, and healthcare
utilization metrics. Future comparative studies evaluating multidisciplinary versus conven-
tional fragmented care pathways would further clarify the long-term clinical and economic
impact of integrated models.

Future studies should incorporate larger multicenter cohorts and longitudinal outcome
measures, including age at intervention, device usage adherence, educational performance,
and cost-effectiveness analyses. Further expansion of multidisciplinary involvement to
include speech therapy, psychology, and genetic counselling may enhance holistic care
delivery. Objective evaluation of healthcare utilization and long-term developmental
outcomes will be essential to validate the clinical impact of this model.

5. Conclusions

The HDM clinic exemplifies the perceived benefits of a multidisciplinary model in
pediatric otolaryngology. By integrating multiple specialties in a single clinic setting, the
HDM clinic delivers cohesive, family-centered care that enhances communication and
facilitates early diagnosis and treatment, building family confidence in navigating complex
treatment pathways.

This study demonstrates that a structured multidisciplinary approach improves care-
giver experience, facilitates earlier hearing rehabilitation, and enhances coordination of care
for children with microtia and hearing loss. The overwhelmingly positive feedback from
families, combined with strong indicators of care efficiency and satisfaction from the feed-
back survey, supports the broader adoption of integrated care models in pediatric otology.

Overall, the HDM clinic demonstrates how an integrated multidisciplinary approach
can streamline care, improve caregiver experience, and facilitate timely intervention for
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children with complex hearing disorders. This model may provide a useful framework
for future multidisciplinary pediatric services aimed at delivering more coordinated and
family-centered care.
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PS Plastic Surgery
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CROS  Contralateral routing of signal
M Frequency modulation
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