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Purpose of review

The management of patients with unilateral microtia and aural atresia is complex. Recent literature suggests
significant strides in hearing habilitation and ear reconstruction.

Recent findings

Several options of hearing management are available and are associated with improved outcomes.
Timelines for hearing habilitation and ear reconstruction vary by institution. We offer our timeline as a
reference. Three dimensional (3D) printed models are increasingly used for training and reconstruction.
Bioprinting is on the horizon, though safety and effectiveness studies are pending. Lastly, application of
qualitative methods has provided a foundation on which to improve communication between physicians
and patients and their families. Better understanding of the patient and family experiences will provide
opportunities to target interventions to improve care.

Summary

Current developments include expanding options for hearing management, changing approaches to timing
of atresiaplasty, utilization of 3D printed models, and focus on patient and family experience to improve

reconstructive outcomes.
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INTRODUCTION

Microtia is a small or malformed ear that is diag-
nosed at birth. It ranges from mild abnormalities to
complete absence of the ear, known as anotia. There
are several classification systems, with the most
widely used system described by Weerda [1]. This
classification scheme uses Grades [-1V, with Grade I:
smaller than normal ear with mostly normal fea-
tures, Grade II: malformed auricle with some recog-
nizable components, Grade III: small soft tissue and
cartilage remnant, and Grade IV: anotia. The inci-
dence is 1 to 10 per 10,000 births [2—4], with higher
incidence in boys [5] and among certain racial/eth-
nic groups including Asian, Pacific Islanders, and
Hispanics [6—8]. Microtia may occur in isolation or
as part of a spectrum of anomalies or syndromes.
The most common anomaly associated with micro-
tia is aural atresia, followed by vertebral anomalies,
macrostomia, oral clefts, facial asymmetry, renal
abnormalities, cardiac defects, microphthalmia,
holoprosencephaly, and polydactyly [4,7,9]. Micro-
tia can be part of a syndrome such as Treacher
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Collins syndrome, Nager, or branchio-oto-renal syn-
drome [10].

Initial evaluation should provide an accurate
description of the malformed ear including meas-
urements, and detailed description of the abnormal
ear. Otoscopy should be performed to assess for
presence of aural atresia or stenosis, which is associ-
ated with microtia in up to 93% of cases [5]. Addi-
tionally, it is crucial to partner with a primary care
provider to perform complete history and physical
with attention to the cardiac and renal systems. The
family should be counseled about management
options for both the outer ear and hearing loss.

#Department of Otolaryngology-Head and Neck Surgery and bPediatric
Otolaryngology, Seattle Children's Hospital, University of Washington,
Seattle, Washington, USA

Correspondence to Randall A. Bly, Children’'s Hospital and Regional
Medical Center, Seattle, Washington, USA. E-mail: randall.bly@seattle-
childrens.org

Curr Opin Otolaryngol Head Neck Surg 2021, 29:526-533
DOI:10.1097/MO0.0000000000000758

Volume 29 o Number 6 o December 2021

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Unilateral microtia and aural atresia lkeda et al.

KEY POINTS

e Management of children with microtia and aural
atresia includes more options for hearing management
and updated approaches to timing of atresiaplasty.

e Ongoing efforts in three-dimensional bioprinting aim to
make the technology safe, effective, and available in
the future.

e Early introduction of the varying timelines for ear
reconstruction and hearing rehabilitation may improve
communication between physicians and patients and
their families, thus guiding them to the best
reconstructive outcomes.

Here, we will highlight updates to microtia manage-
ment in a literature review focusing on the past
two years.

MICROTIA AND HEARING LOSS

Patients with aural atresia can be expected to have
maximal conductive hearing loss and up to 10%
may have a sensorineural component [5]. Although
hearing in the nonaffected ear is typically normal,
audiological testing is important to confirm [5].
Unilateral atresia and the associated hearing loss
can be linked to speech and language delays and
learning difficulties [11]. Syndromic conditions that
affect craniofacial development can be associated
with higher rates of eustachian tube dysfunction,
predisposing patients to middle ear effusion and
hearing loss in the nonaffected ear.

Additionally, management of conductive hear-
ing loss associated with aural atresia has implica-
tions on microtia reconstruction. It is important for
the surgeon and family to develop a plan that
includes management of both the microtia and
hearing. We refer to bone conduction sound pro-
cessor as a device that converts sound into vibratory
energy that is transferred via skull bones to the
cochlea. The hearing management options are
observation (with early intervention and appropri-
ate services), nonimplant-retained bone conduction
sound processor (e.g. headband, adhesive), implant-
retained bone conduction sound processor (magnet,
abutment, or piezoelectric stimulated), and atresia-
plasty [12]. Implanted devices include osseointe-
grated (Cochlear Baha, Cochlear Osia and Oticon
Ponto) and nonosseointegrated (MEDEL Bone-
bridge) options (Table 1).

In 2019, the FDA approved an active bone con-
duction hearing implant system, Osia (Cochlear
Limited, Sydney, Australia), that offers transcutane-
ous communication between the external processor
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Table 1. Surgical and nonsurgical options for hearing
management in children with unilateral aural atresia

Nonsurgical options Surgical options

Cochlear Baha Aftract®
Cochlear Baha Connect®
Cochlear OsiaP

MEDEL Bonebridge®

Oticon Ponto®

Cochlear Baha

MEDEL Adhear
Oticon Ponto

Atresiaplasty

9FDA approved for patients five years and older.
PFDA approved for 12 years and older.

and the implant [13™]. The implanted device
includes a piezoelectric transducer attached to an
osseointegrated implant that stimulates the cochlea
through bone conduction. In a clinical study, nine
adults and children had significantly better speech
recognition in quiet and in noisy environments
using the Osia compared to transcutaneous Baha
Attract and softband [13""]. Two months after acti-
vation, the Osia device provided significant gain at
all frequencies (mean 36.88dB), with the largest
differences at higher frequencies [13"].

Despite evidence of benefits from bone conduc-
tion sound processors, a retrospective review of
children with unilateral microtia at a tertiary care
hospital reported that only 43% obtained a bone
conduction sound processor. The main barrier
reported was missing auditory brainstem response
testing [14"]. Future work should aim to better
understand the patient and family experience and
barriers to bone conduction sound processor use.

Similarly, in the recent literature, a retrospective
review of children with unilateral microtia or aural
atresia with congenital unilateral conductive hear-
ing loss reported that these children were more
likely to try hearing aids and use them if their
audiology care was through a tertiary center vs
peripheral center, 83% vs 46%, respectively [15"].
The authors conclude that multidisciplinary care at
the tertiary center was more likely to discuss poten-
tial consequences of unilateral conductive hearing
loss with parents. Specific issues addressed included
self-esteem and stigma, which were recognized as
potential barriers to hearing aid acceptance [15%]. As
a result, at least 64% of patients who trialed a
hearing aid found the devices useful [15%].

In contrast to the variable approaches to reha-
bilitation for children with unilateral aural atresia,
children with bilateral aural atresia and associated
bilateral conductive hearing loss require bone con-
duction sound processors by 6 months of age to
optimize development of spoken language. In a
retrospective cohort study, 59 children with
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bilateral microtia and atresia reported significant
improvement in hearing thresholds two years after
surgical implantation of osseo-integrated retention
systems (Baha or Ponto) or implanted device (Bone-
bridge). All used softband-retained bone conduction
sound processors prior to surgical implantation, and
the mean hearing thresholds in the Baha, Ponto,
and Bonebridge groups had improved to
22.6+1.6dB, 21.6+1.2dB, and 22.5+1.5dB,
respectively [16]. These hearing thresholds were
significantly better than preimplantation hearing
thresholds, and they reported improved audiomet-
ric threshold and speech intelligibility in both quiet
and noisy environments [16].

For patients who are favorable candidates for
atresiaplasty, based upon audiogram and CT find-
ings, the risks and benefits must be carefully consid-
ered. In addition to creating a bony canal,
meatoplasty, tympanoplasty and sometimes ossic-
ular chain reconstruction are required. The long-
term hearing benefits are modest, though the pres-
ence of a patent external auditory canal may facili-
tate use of an ear-level hearing aid. Detailed
discussion of atresiaplasty is beyond the scope of
this article, though long-term audiometric out-
comes after atresiaplasty have been evaluated [177].

MICROTIA/ATRESIA RECONSTRUCTION
TIMELINE

Microtia management options are observation (no
intervention), prosthetic (adhesive or implant
retained) [18], and reconstruction (costal cartilage
oralloplastic) [19]. The timelines for diagnosticand
treatment intervention for microtia and atresia
change over time and vary by surgeon and pro-
viders [19-21]. Our group prefers to generate an
overall plan for the hearing and outer ear (Fig. 1).
Atresiaplasty candidacy is determined based on
high-resolution computed tomography (CT) of
the temporal bones typically obtained at four to
tfive years of age [21]. At this age, the patients donot
require sedation and the images can detect occult
congenital cholesteatoma [21]. The Jahrsdorfer
scale and other considerations, such as the position
of the tegmen mastoideum are considered to deter-
mine candidacy for atresiaplasty. If the patientisa
favorable candidate for atresiaplasty and the family
wishes to pursue this option in addition to microtia
reconstruction, then we favor autologous costo-
chondral over alloplastic microtia reconstruction
due to the risk for infection and exposure of the
alloplastic framework [21]. If the patient is an unfa-
vorable candidate for atresiaplasty, they meet with
the audiologist to discuss implant-retained devices,
and they are encouraged to decide between all
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the options for microtia management described
above.

For patients undergoing atresiaplasty and autol-
ogous costochondral microtia reconstruction, we
have traditionally performed ear reconstruction
starting at about eight years of age followed by
atresiaplasty [21]. Some surgeons have used chest
circumference (at least 60cm measured at the
xiphoid) as criteria for autologous costochondral
reconstruction. Recently, we have offered atresia-
plasty prior to microtia reconstruction, which has
the advantage of setting the ear canal in the proper
position to maximize hearing outcome (Fig. 1).
Some surgeons offer alloplastic reconstruction as
early as three years of age [18], though we typically
wait until the patient is at least five years of age. The
specific timeline and options should be tailored to
each patient. Some surgeons perform combined
atresiaplasty and ear reconstruction, using either
autologous or alloplastic material [22].

Some authors have proposed use of chest wall
imaging as chest deformity rates increase with youn-
ger age. Conversely, older patients may have ossifi-
cation of the costochondral cartilage [20,23]. The
role of noninvasive preoperative chest wall imaging
(ultrasonography and CT) has been evaluated to
assess the potential role in determining eligibility
for costochondral microtia reconstruction [20,24].
With further investigation, noninvasive imaging
may become a standard part of evaluation.

MICROTIA SURGICAL RECONSTRUCTION

The challenges of surgical microtia reconstruction
stem from creation of a natural-looking ear that is
symmetric with the contralateral side. This is
achieved using different techniques and timelines
for reconstruction. The two main types of microtia
reconstruction are staged autologous costochondral
cartilage or single-stage high-density porous poly-
ethylene framework reconstruction.

Autologous costochondral cartilage reconstruc-
tion techniques were originally described by Tanzer
[25] and later modified and described by Nagata
[26], Siegert [27], Firmin [28], and our group [29].
Stage 1 involves rib harvest, creation of auricle
framework, implantation and lobule transposition.
The framework position and rotation are adjusted to
match the contralateral ear. Stage 2 involves elevat-
ing the ear and creating the postauricular sulcus.
Cartilage banked at the chest incision from Stage 1 is
used for projection. The surrounding scalp is
advanced anteriorly and a full-thickness skin graft
from the upper thigh is placed to create the post-
auricular sulcus. The complications include carti-
lage exposure, infection, malposition, and
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OVERVIEW: MANAGEMENT OF MICROTIA AND ATRESIA
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FIGURE 1. Overview of management of microtia and atresia. Management of microtia and atresia begins at birth with the
newborn hearing screen. Based on the results, further hearing assessments will be performed in the early intervention phase,
combined with softband-retained bone conduction sound processors. During the following years, speech and language
development are closely monitored. Management timeline is divided into diagnostic tests in the left column and interventions
are in the right column, for both hearing loss and microtia.
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Preoperative

Postoperative
(4 months
after Stage Il)

FIGURE 2. Preoperative and postoperative photographs of autologous costochondral cartilage reconstruction. In the
preoperative photographs, the patient is status post aural atresiaplasty prior to microtia reconstruction. In the postoperative
photographs (4 months after 2" Stage microtia reconstruction), the external ear canal is adequately placed for the microtia
reconstruction to be placed in a good position in comparison to the contralateral side and with proper rotation.

cartilage resorption [29]. Figure 2 shows preopera-
tive and postoperative photographs of autologous
costochondral cartilage reconstruction.

Other variations of this staged technique have
been reported in recent literature, including use of
tissue expanders. Although tissues expanders were
originally developed for use in microtia reconstruc-
tion, they fell out of favor for several decades.
Recently, several groups have reported their results
using tissue expanders prior to autologous costo-
chondral reconstruction with variable results
[30%,31]. The majority of patients were satisfied with
the outcome, in terms of ear outline, appropriate
color, projection, and symmetry [30%]. The most
common complications were hematoma, local
infection, and exposure of cartilage [31].

Surgeons initially used silicone implants for
alloplastic reconstruction and then transitioned to
high-density porous polyethylene implants, which
led to fewer complications and improved outcomes
with use of a temporoparietal fascial (TPF) flap
[18,19,32]. This technique involves careful planning
to place the reconstructed ear in the appropriate
position. An incision is made posteriorly to planned
position of alloplastic implant and the lobule is
preserved. The rudimentary cartilage is removed,
and the flap is thinned. The TPF flap is elevated
and draped over the implant modified to match the
contralateral ear. The ear position and rotation are
defined, skin graft applied, and a silicone mold is
applied over the ear. This technique has the
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advantage of being single-stage, eligible for early
reconstruction, less donor site morbidity, and
potential for improved consistency in the final aes-
thetic result [18]. The most common complications
include implant fracture or exposure. Figure 3 shows
preoperative and postoperative photographs of allo-
plastic reconstruction. The utilization of three
dimensional (3D) printed models of the contralat-
eral ear have served as templates for microtia recon-
struction in the operating room [33%,34,35"]. The 3D
models eliminate the need for traditional tracings of
the contralateral ear, which is limited to 2 dimen-
sions and adds time [33"]. Thus, these 3D models
often guide more accurate size and framework
reconstructions [33%]. Additionally, several groups
have reported low cost and timely production of
these 3D models, highlighting the potential ease of
integration into standard practice [33%,35"]. 3D bio-
printing would be the ideal innovation in which a
scaffold of the patient’s own cartilage could be used
to create an auricular framework for reconstruction
[36]. There are multiple ongoing efforts to make this
technology safe, effective, and available in the
future [37%,38-40]. Within our institution, 3D print-
ing is utilized for rib cartilage carving training and
atresia repair simulation [41].

PATIENT AND FAMILY EXPERIENCES

Microtia is associated with psychosocial morbidities
(anxiety, depression, interpersonal sensitivity) that
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Preoperative

Postoperative

FIGURE 3. Preoperative and postoperative photographs of alloplastic reconstruction. In the preoperative photographs, the
patient has a Grade Il microtia. The patient underwent alloplastic reconstruction with a Medpor implant. One year
postoperatively, the patient had good outcome with a natural appearing external ear, though the reconstructed ear is

positioned slightly lower than the contralateral ear.

can be a significant burden on patients and their
families [42]. Better understanding of the patient
and family experiences will provide opportunities to
improve care.

Focusing on the diagnosis and initial consulta-
tion experience, a study of 106 parents or caretakers
of patients with microtia highlighted opportunities
for improved patient-centered care [43]. A majority
of physicians who provided initial information
about microtia in the postnatal period were pedia-
tricians (35%), followed by otolaryngologists (26%)
[43]. Other sources of information include multidis-
ciplinary teams (6%), midwife (3%), other (2%),
plastic surgeon (1%), and gynecologist (1%) [43].
Additionally, 26% of parents and caretakers
reported ‘looking up on internet myself [43].” This
should be troubling considering the variable and
unregulated information available online, and the
potential impacts this may have on expectations
and future decision-making

In the same report, 64% of parents described the
initial consultation experience as ‘terrible’ or ‘bad,’
compared to 8% describing a ‘good’ or ‘excellent’
experience [43]. In particular, parents reported lack
of information about the consequences of unilateral

1068-9508 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

hearing loss, desire for clear and transparent infor-
mation about treatment options, and preparation
for coping with more immediate barriers (e.g.
strangers’ stares and questions), instead of future
issues (e.g. bullying) [43]. Lastly, timing of informa-
tion was key, specifically understanding the imme-
diate vs future needs and questions of parents. Some
parents reported having lingering questions at dis-
charge home after birth that would not be addressed
until outpatient visit in several weeks [43]. In the
interim, other sources of information were likely
sought out. Later, at the initial consultation, parents
reported receiving information about later antici-
pated psychological problems, healthcare reim-
bursement, and issues with glasses, if needed -
which seemed out of place from more immediate
concerns. Ultimately, this study highlights oppor-
tunities for improvements in patient/parent-physi-
cian communication and timing of information at
diagnosis and beyond [43].

These findings were consistent with a qualita-
tive study that examined the early experience of 62
families of patients with microtia, using semi-struc-
tured interviews [44]. More than 13% of families
reported being told the diagnosis of ‘microtia’ and
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not understanding ramifications [44]. About a third
of families reported not being given any specific
information and found online resources to be
‘unclear’ and ‘overwhelming [44].” Additionally,
73% of parents expressed negative emotions as ini-
tial reactions and thoughts about microtia [44]. This
may indicate that during the neonatal period
addressing the initial reactions and thoughts of
family and addressing concerns about the future
may be more meaningful [44]. Additionally, incor-
poration of neutral and descriptive language may
lead to more positive results. Lastly, many families
reported improved coping after learning about sur-
gical options [44].

At our institution, patients are managed by a
multidisciplinary craniofacial team, including cra-
niofacial-specialized pediatricians, otolaryngolo-
gists (pediatric otolaryngologists and facial plastic
surgeons), audiologists, and speech language path-
ologists. Depending on their needs, some patients
may see craniofacial orthodontists, oral maxillofa-
cial surgeons, craniofacial plastic surgeons and
others. As otolaryngologists, we meet patients, often
as infants, and introduce the management timelines
for ear reconstruction and hearing amplification
with families. Patients are followed annually for
ongoing discussions about different options and
timing of interventions. This continuity prepares
patients and families to make optimal decisions
for microtia and atresia management, whereas sig-
nificant strides in surgical techniques enable the
creation of a natural-appearing and symmetric ear.

CONCLUSION

Management of children with microtia and aural
atresia requires excellent patient and family commu-
nication to guide them to the best management
option. Current developments include expanding
options for hearing management, changing
approaches to timing of atresiaplasty, utilization of
3D printed models, and focus on patient and family
experience to improve reconstructive outcomes.
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