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ABSTRACT

Introduction: Permanent hearing loss is common at birth, and the negative consequences for language, cognitive,
and social-emotional skills are particularly important. Microtia and congenital aural atresia is a disorder of the
external earthat can occurinisolation orin association with another malformation. Objective: The objective of the
present study was to know and compile the current evidence on microtia and aural atresia. The PubMed, Scopus,
and SciELO databases were consulted, from the year 2010 to the year 2023. Methods: All the bibliographic
references were searched in relation to the keywords: microtia, and aural atresia. Were evaluated review and
research articles, which in general, were less than 05 years published. It was limited to articles in Spanish and
English and were identified by titles. Were identified once the articles of interest, the following were considered as
inclusion criteria: 1. That they examine the diagnosis and treatment of microtia and congenital aural atresia 2. They
address the subject according to a systematic methodology (quantitative, qualitative, and others). Results: The
causes of these disorders are not fully understood. In conclusion, auditory evoked potentials and audiometry are
the test of choice for cases of microtia and congenital aural atresia. Conclusion: Surgical correction is often not the
preferred treatment; the hearing result is no better than that of bone conduction devices. Likewise, the functional
aspect should be prioritized over the aesthetic one since early hearing loss intervenes in the development of
languageinthe child.

Keywords: Congenital microtia; Ear external; Ear canal; Hearing loss;Neonatal screening. (Source: MESH-NLM)

RESUMEN

Introduccién: La hipoacusia permanente es frecuente al nacer y tiene consecuencias negativas para el lenguaje,
habla, habilidades cognitivas y socioemocionales. La microtia y atresia aural congénita es un trastorno del oido
externo que puede ocurrir de forma aislada o asociada con otra malformacién. Objetivo: El objetivo del presente
estudio fue conocer y recopilar la evidencia actual en microtia y atresia aural. Se consultaron las bases de datos
PubMed, Scopus y SciELO, a partir del afo 2010 hasta 2023. Métodos: Se buscaron todas las referencias
bibliogréficas en relaciéon con las palabras clave: microtia, atresia aural. Se evaluaron articulos de revisién e
investigacion, que en general, tenian menos de 05 aflos de publicados. Se limité a articulos en espafiol einglés y se
identificaron por los titulos. Una vez identificados los articulos de interés, se consideraron como criterios de
inclusion: 1. Que examinaran el diagnéstico y tratamiento de la microtia y atresia aural congénita 2. Que abordaran
la tematica de acuerdo con una metodologia sistematizada (cuantitativa, cualitativa, otras). Resultados: En
conclusion las causas de dichos trastornos no se encuentran completamente comprendidas. Los potenciales
evocados auditivos y la audiometria constituyen los exdmenes de eleccién para los casos de microtia y atresia aural
congénita. Conclusién: La correccién quirdrgica a menudo no es el tratamiento preferido; el resultado de la
audicién no es mejor que el de los dispositivos de conduccion ésea. Asimismo, se debe priorizar el aspecto
funcional que el estético, ya que la pérdida de la audicion temprana interviene en el desarrollo del lenguaje en el
nino.

Palabras clave: Microtia congénita; Oido externo; Conducto auditivo externo; Pérdida auditiva conductiva;
Tamizaje neonatal. (Fuente: DeCS- BIREME)
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INTRODUCTION

Congenital hearing loss has a prevalence of 1 to 2 per
1,000 newborns and has negative consequences for
language, speech, cognitive, and socio-emotional skills
™. The hearing loss experienced by patients with
microtia and aural atresia is usually conductive or mixed
in most cases ?. According to the World Health
Organization, more than 5% of the global population
suffers from disabling hearing loss and requires
rehabilitation (34 million children)®.

Microtia is a congenital defect of the auricle at birth,
ranging from incomplete development to complete
absence, and can occur in isolation or associated with
other malformations ?#9, A patient with microtia,
without an associated syndrome, can generally live a
normal and productive life ®. The most common
presentation of microtia is grade lll, which consists of
hypoplasia of the entire cartilaginous framework with a
lobularremnant (seefigure 1),

Figure 1. Patient with grade Il Meurman microtia in the right ear.
Source: Instituto Nacional Materno Perinatal.

Aural atresia is a disorder characterized by varying
degrees of congenital hypoplasia of the external
auditory canal and is often present with microtia®”.

Itis classified according to the following types:

Type A (stenosis): The fibrocartilaginous and bony
portions of the external auditory canal are present but
narrow.

Type B (partial atresia): Only some parts of the
fibrocartilaginous or bony portions of the external
auditory canal are present, with a rudimentary
tympanic membrane.

Pg.181 |

Type C (total atresia): Both the fibrocartilaginous and
bony portions of the external auditory canal, as well as
thetympanicmembrane, are absent®.

The objective of this study was to review and compile
the current evidence on congenital microtia and aural
atresia.

Methodology for search and selection of results

The review was conducted through an electronic
bibliographic search based on evidence, with articles in
English and Spanish from PubMed/Medline, Scopus,
Clinical Key, and SciELO, covering the period from 2010
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t0 2023 (see figure 2). All references in both Spanish and
English with the keywords "congenital microtia" and
"congenital aural atresia” were searched. Review and
research articles were evaluated, generally published
within the last five years. Once relevant articles were
identified, the inclusion criteria were as follows: 1.
Articles examining the diagnosis and treatment of
congenital microtia and aural atresia, and 2. Articles

.

Full texts of scientific papers
examined (n=72)

.

Studies included in the
review (n=31)

Potentially relevant Articles excluded due to
publications (n=312) duplication (n=55)
Abstracts reviewed after
removing duplicate — Abstracts excluded (n=185)
articles (n=257)

addressing the topic with a systematic methodology
(quantitative, qualitative, or other approaches). After a
full-text evaluation, 31 studies were selected for
inclusion in this article. The review process spanned
four months (from February 2023 to June 2023). This
work is part of the Research Lines of the Universidad
Ricardo Palma2021-2025%".

Figure 2. Flowchart of article search and information selection.

DEVELOPMENT OF THETOPIC

Epidemiology

Microtia has an incidence of 1 to 10 per 10,000 births
09 with significant social implications as affected
individuals may experience psychological problems
due to this visible and difficult-to-conceal defect 3.
Microtia is associated with aural atresia in 75% of cases
@, In Mexico, a prevalence of 7.37 per 10,000 live births
has beenreported. In Peru, thereis no national datato
determine the prevalence of microtia and aural atresia

(15)

Microtia can be unilateral or bilateral @. 90% of microtia
cases are unilateral, with the right ear being more
affected thanthe leftear ®¢'"'219 anditis more common
inmalesthanfemales *7'2,

This malformation is associated with a syndrome in 30-
60% of patients 7. In unilateral cases, microtia is
defined as a size discrepancy between the ears that
exceeds the normal variation . Bilateral microtia is
defined as an external ear length more than two
standard deviations below the mean. In severe cases,
theauricleiscompletely absent (anotia).

Embryology and anatomy

The somatic ectoderm plays a role in the formation of
the external and internal ear, forming the epithelial
elements of the auricle, external auditory canal, the
outer layer of the tympanic membrane, and the
membranous labyrinth of the inner ear". The auricle
develops from three auricular prominences of the first
branchial arch®,

l:t%i }
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It forms from the fusion of six mesenchymal buds or His
auricular prominences on the surface of the embryo
during the fifth week of intrauterine development,

with its development completing by the twelfth week
@), The anatomy of the auricleis shownin Figure 3.

Figure 3. Anatomy of the auricle. 1. Helix, 2. Superior crus, 3. Inferior crus, 4. Helix root,
5. Antihelix, 6. Tragus, 7. Antitragus, 8. Earlobe, 9. Triangular fossa, 10. Scaphoid fossa,
11. Concha cymba, 12. Concha cavum, 13. Intertragal notch.

Source: Instituto Nacional Materno Perinatal (INMP). (INMP).

The external auditory canal forms from the 8th week,
and its epithelium develops from the first branchial
groove ®. It measures 2.5 cm, extending from the
concha to the tympanic membrane and consists of two
zones:

1.Outer cartilaginous third
2.Innertwo-thirds bony portion®

It has an S-shape, initially directed inward, forward, and
slightly upward; then it curves backward and upward,
and finally inward, forward, and slightly downward .
Early disruptions in this process lead to anotia or
microtia, while later disruptions result in minor
auricular malformations. Congenital anomalies of the
external and middle ear affect structures derived
mainly from the firstand second branchialarches, the

Pg.183 |

firstgroove, and the first pharyngeal pouch.

Etiopathogenesis

The causes are not fully understood and remain unclear
172, Genetic and environmental factors can result in
malformation during the embryogenesis of the
external, middle, or inner ear, primarily between the
third and tenth weeks of gestation. Embryologically,
there is a failure in the development and/or migration
of mesodermal and cartilaginous components®.

External auditory canal atresia may be due to the failure
of reabsorption of the meatal plug or overdevelopment
of the Reichert’s cartilage (second branchial arch) .
Malformations of the malleus and incus may result from
defective differentiation of Meckel’s cartilage (first
branchial arch), leading to malformed ossicles or
abnormal fixation of the malleus and incus®.
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Associated factors

Ethnicity, male gender, low birth weight, acute
maternal viral illness, maternal education level,
maternal diabetes, multiple births, and maternal use of
thalidomide, retinoids, aminoglycosides, alcohol, and
smoking during pregnancy are associated factors for
microtia ©»2+» Additionally, infections like rubella,
cytomegalovirus, or toxoplasma gondii, and metabolic
disorders such as hypothyroidism or endemic cretinism
are associated with microtia®2?.

Higher folate intake during pregnancy has been found
toreducethe incidence of microtia®. Less than 50%

of patients with microtia are associated with syndromes
such as craniofacial microsomia, Treacher Collins
syndrome, Goldenhar syndrome, Crouzon syndrome,
Moebius syndrome, Fanconi syndrome, DiGeorge
syndrome, Pierre Robin syndrome, CHARGE syndrome,
VACTERL syndrome, labyrinthine aplasia, and
branchiootorenal syndrome#%29, Additionally, a study
has associated microtia with altitude (>2000 meters
above sealevel) in certain cities @,

Classifications
Tanzer (27) and Meurman (25) classified microtia (see
Tables 1and 2).

Table 1. Tanzer Classification.

I Anotia (see figure 3)
Il Complete hypoplasia (microtia):

A. With external auditory canal atresia

B. Without external auditory canal atresia

Il Hypoplasia of the middle 1/3 of the auricle

IV Hypoplasia of the upper 1/3:

A. Horn-shaped or cup-shaped ear (see Figure 4)

B. Cryptotia

Table 2. Meurman Classification.

I Small auricle, but harmonious

Il Vestigial remnants of the auricle, external auditory canal atresia

Il Almost complete absence of the auricle, remnant in the form of a lobe

l:‘%i }

| Pg. 184




Marin-Marin D

Figure 4. Patient with anotia in the left ear plus melotia
Source: Instituto Nacional Materno Perinatal.

Figure 5. Patient with hypoplasia of the upper third of the right ear auricle
Source: Instituto Nacional Materno Perinatal.

Pg.185 |
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Diagnosis

The diagnosis of microtia and aural atresia is clinical,
supported by complementary exams. During the
clinical exam, the shape of the auricle (smaller than
normal ears), its implantation, and stigmata (fistulas,
appendages, or nodules) should be observed®*, The
meatus, external auditory canal (abnormally narrow,
blocked, or absent), and the tympanic membrane
should also be examined 29, Additionally, it is
important to assess the temporomandibular joint (soft
tissue dysplasia) and the ascending branch of the
mandible, as well as the appearance and conformation
of the cranial sutures. Facial asymmetries, maxillary
hypoplasias (upper or lower), oral opening, cleft palate,
or submucosal cleft, and characteristics of the neck,
chest, and upper and lower limbs should also be

evaluated, along with the presence of branchial cysts

(23)

Complementary examinations
Otoacoustic emissions are recommended to evaluate
the healthy ear. A microphone in the external auditory

canal detects these low-intensity otoacoustic emissions

(1)

The pediatrician or family physician usually has the first
contact with the child and must be aware of the risk
factors for hearing loss and the need for hearing
screening. The otolaryngologist must have the
necessary equipment and training in pediatric
diagnosis. Auditory evoked potentials are the
complementary exams of choice. Brainstem auditory
evoked potentials (BAEP) or BERA " measure the
electrical response of the auditory pathway at the
brainstem level, including the cochlea and

retrocochlear pathway, using surface electrodes.

Additionally, auditory steady-state response (ASSR)
measures the hearing level and can evaluate the bone
conduction pathway. Free-field audiometry, play
audiometry, and tonal audiometry are indicated

depending onthechild’sage @',

Tympanometry is recommended for permeable canals
or the ear contralateral to dysgenesis to determine
possible malformations of the ossicular chain in
apparently normal ears®. Regarding imaging studies, a
computed tomography (CT) scan of the temporal
bones with thin axial and coronal slices without
contrast is requested. This allows for the evaluation of
thetemporal bone, tympanic bone, mastoid, middle ear
cavity, its relationship to the facial nerve, ossicular
chain, and the conformation of the bony labyrinth. ACT
scan of the temporal bones is performed around the
ages of five to six years, or earlier in cases of bilateral
dysgenesis or suspected cholesteatoma ®. Magnetic
resonance imaging (MRI), specifically of the posterior
fossa, is requested to evaluate the membranous
structures of the cochlea, posterior labyrinth, and

cranial nerves.

Treatment

A bone vibrator device, similar to a headband or soft
band, is recommended before patients become
candidates for osteo-integrated bone vibrator surgery
to stimulate the auditory nerve ®». The use of bone
conduction devices in young patients aids in the
acquisition of language skills during critical periods of

life &2,

Reconstructive options for microtia are as follows: (see

Figure5)
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Figure 6. Treatment of microtia and aural atresia (9, 24).
Source: Bly RA, Bhrany AD, Murakami CS, Sie KC. Microtia Reconstruction. Facial Plast Surg
Clin North Am. 2016;24(4):577-591. doi: 10.1016/j.fsc.2016.06.011.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5950715/

1. A portion of autologous costal cartilage placed
subcutaneously.

2. Implanted artificial material, including a porous
polyethylene implant placed subcutaneously or under
avascularized fascial flap and skin graft.

3. An ear prosthesis adhered to the skin with medical
adhesive or through osseointegrated implants.

The management of aural atresia includes bone
conduction implants, middle ear implants, and surgical
reconstruction®®. Among these options, canaloplasty
has the advantage of reconstructing the external
auditory canal and reducing the need for hearing
devices®. As for bone conduction implants, there are
BAHA (Bone Anchored Hearing Aid), Bonebridge, and
Sophono.

Pg.187 |
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Theindications for BAHA are as follows:

Patients over five years of age with unilateral or bilateral
auditory dysgenesis who present conductive or mixed
hearing loss with bone conduction above 45 dB, who
cannot use an air-conduction hearing aid, may be

candidatesforit.

Prosthetics should be considered from 3-4 months of
age if the hearing loss is bilateral. When the external
auditory canal is permeable on at least one side, an air-

conduction prosthesisis recommended.

The Bonebridge uses a bone conduction system that
stimulates the cochlea directly through skull vibration
19 The internal components include a receiver coil
attached to the floating mass transducer for bone

conduction®,

The indications are the same as for the BAHA® device

andtheseare asfollows:

«In the case of unilateral microtia, most authors agree
not to recommend surgical hearing rehabilitation due
to surgical risks (labyrinthitis, facial paralysis, canal
stenosis) and inconsistent results (insufficient hearing

in atleast 66% of cases).

Functional surgery is indicated when microtia is
bilateral starting from the age of five. Otherwise, an
osseointegrated prosthesis may be proposed @. In

aural atresia, surgical correction is often not the

Authorship contribution: DMM participated in the
conceptualization, research, methodology, resources,
and drafting of the original manuscript.

Funding: Self-funded.

preferred treatment; the hearing outcome is not better
than that of bone conduction devices, and surgery may
be associated with recurrence or complications such as

meatal stenosis®".

With the Sophono implant, the processor can be
attached as soon as the surgical wound has fully healed,
usually within three or four weeks. The implant remains
completely hidden under the skin, causing less
aesthetic disruption and reducing the risk of implant

damage from manipulation®?.

Patients should be diagnosed and treated by a
multidisciplinary team: family physician, pediatrician,
geneticist, pediatric audiologist, pediatric
otolaryngologist, or pediatric plastic surgeon. The
options for both auditory and auricular reconstruction
should be considered and coordinated during the

neonatal period®=°,

CONCLUSION

Systematic studies are needed in Latin America to
determine the prevalence of congenital microtia and
aural atresia. Auditory evoked potentials and
audiometry are the tests of choice for cases of
congenital microtia and aural atresia. Surgical
correctionis often not the preferred treatment, because
hearing outcomes are not better than those of bone
conduction devices. Additionally, the functional aspect
should be prioritized over the aesthetic, as early hearing

loss affects the child'slanguage development.
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