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KEY POINTS

� Microtia is a congenital condition characterized by a spectrum of ear malformations, ranging from
minor structural anomalies to anotia. Microtia can be isolated or associated with other malforma-
tions (20%–60% of cases).

� Microtia is concomitant with atresia in up to 90% of cases. The extent of hearing loss should be
diagnosed and addressed early with consideration of a hearing aid. Surgical options to address
atresia exist. Workup, timing, and coordination with reconstruction should be discussed with an
experienced otology team.

� Autologous reconstruction usually involves 2 to 4 stages, starting at around the age of 7 to 10 years.
It consists of harvesting rib cartilage, carving and assembling a construct, and placing it under mas-
toid skin. Autologous reconstruction offers a durable option with the patient’s own tissue, a low rate
of late complications, and greater ability to salvage if there is exposure or infection. However, it is
artistically demanding, results are operator dependent, has a steep learning curve, and carries the
disadvantage of donor-site morbidity.

� Alloplastic reconstruction can be performed in a single stage at an earlier age (w4 years), and even
concomitantly with atresia surgery. It involves the implantation of a porous polyethylene framework
under a temporoparietal fascia flap, followed by skin grafting. While it offers a reproducible esthetic
result in experienced hands, exposure, infection, and complete reconstruction loss are possible
even years after surgery and can be difficult to salvage. Secondary reconstruction after alloplastic
failure is very challenging.
DEFINITIONS middle, and inner ear.Onday23ofgestation, the in-
Microtia—stemming from the Greek words mikrós
or “small,” and �otikós “of the ear”1—is a congenital
anomaly characterized by a spectrum of malfor-
mations of the auricle, ranging from minor struc-
tural anomalies to complete absence of the ear
(anotia). Anotia is usually considered to be under
the same umbrella of the microtia spectrum, at
its most severe end (Fig. 1).
m

EMBRYOLOGY

The development of the ear is a complex process
involving the coordinated formation of the external,
a Department of Plastic Surgery, University of Pittsburgh
burgh, 4401 Penn Avenue, Faculty Pavilion, Suite 7107, P
Medicine, New York, NY, USA; c Children’s Healthcare of
* Corresponding author. Department of Plastic Surgery,
Children’s Hospital of Pittsburgh, 4401 Penn Avenue, Fac
E-mail address: camisonbravol2@upmc.edu

Clin Plastic Surg 52 (2025) 227–244
https://doi.org/10.1016/j.cps.2024.10.002
0094-1298/25/� 2024 Elsevier Inc. All rights are reserved,
and similar technologies.

escargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National 
2025. Para uso personal exclusivamente. No se permiten otros usos sin au
ner ear begins to develop from a thickened portion
of ectodermadjacent to the hindbrain known as the
otic placode.2 This invaginates to form the otic
vesicle, which differentiates into the osseous and
membranous labyrinths, with the osseous parts
arising from the ossification of the capsule and
the membranous part from the neuroectoderm of
the otic placode.3,4 These structures further differ-
entiate into the cochlea, vestibule, and semicircular
canals.5

The middle ear consists of the tympanic cavity
and ossicles. The tympanic cavity originates from
the endoderm of the first pharyngeal pouch.3 The
ossicles, composed of the malleus, incus, and
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Fig. 1. The spectrum of microtia presentation can range from anotia with complete absence of the ear (left), to
an ear that has almost all normal components but is smaller or slightly malformed (right). Following the Nagata
classification, these ears would be classified as anotia (left), lobular type (second from left), small concha type
(second from right), and large concha type (right). (Modified from Brent, B. Microtia repair with rib cartilage
grafts: A review of personal experience with 1000 cases. Clinics in plastic surgery 2002;29:257–271.)
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stapes, are derived from different branchial arches
around week 6 of gestation: the malleus and incus
from the mesenchyme of the first branchial arch,
and the stapes from the second branchial arch.3,5

The pinna develops from the first and second
branchial arches, and the external auditory canal
from the first branchial groove.3 In the sixth week
of development, 6 small prominences called the
hillocks of His form on the dorsal surfaces of these
arches. Hillocks 1, 2, and 3 arise from the first
branchial arch, and hillocks 4, 5, and 6 form from
the second branchial arch.2 These hillocks eventu-
ally fuse to form the auricle. In the original model
by His, the first 3 hillocks contributed to the root
of the helix, the anterior helical rim, the tragus,
and the intertragic notch. The posterior hillocks
from the second pharyngeal arch were through
to form the remaining posterior portion of the
auricle, including the concha, antihelix, the inferior
crus, triangular fossa, superior crus, helix, antitra-
gus, and lobule. However, newer studies have
challenged this model, and the importance of the
hillocks to specific structures is now down-
played.6,7 In the eighth week of gestation, the
groove between the first and second branchial
arches invaginates to create the external auditory
meatus. This invagination allows for the simulta-
neous migration and fusion of the 6 hillocks of
His, forming the cartilaginous precursor to the
auricle. By the 12th week of gestation, the auricle’s
unique topographic characteristics begin to
develop, and by the 18th week, it detaches from
the head. While the ear begins its development in
the anterior neck, it slowly migrates dorsal and
cephalad to reach the adult position by about the
20th week of gestation. By the 20 second week,
the auricle’s development is complete.
Embryologically, theexternal ear is formedearlier

than the middle ear, so presence of microtia would
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then indicate a failure of development that heralds
subsequent issues with development of the middle
ear. Therefore, severity of the deformity of the
external ear and middle ear are generally propor-
tional to one another. The distant embryologic
origin of the inner ear from the middle and external
ear clarifies why inner ear structures are typically
preserved in microtia, while the common origins
of themiddleandexternal ear from the first andsec-
ond branchial arches explain the high coincidence
of congenital aural atresia (CAA) and conductive
hearing loss in microtia.4 The contribution of the
first and second pharyngeal arches to the skeletal,
muscular, and neural components of the face also
explains the high coincidence microtia with facial
clefts, macrostomia, facial palsy, and asymmetry,
as seen in craniofacial microsomia (CFM) and the
oculo-auricular-vertebral spectrum (OAVS).4
EPIDEMIOLOGY

The prevalence of microtia has been reported to
vary between 0.8 and 17.4 per 10,000 in different
populations, being least common in Western
Europeans and Caucasians, and more common in
those of Andean, Native American, and Asian
descent.8–10 Microtia is more common in male
individuals, who comprise 54% to 73% of
cases.4,9,11,12 Involvement is unilateral in 80% to
90%of cases, and the right side ismore commonly
affected (60%).13 Although the contralateral ear ap-
pears normal in most cases, a study showed that
theunaffectedear inpatientswithmicrotia is overall
smaller than in the general population.14
ETIOLOGY

The etiology of microtia is multifactorial, with
both genetic and environmental factors being
 of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
ión. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Microtia: A Review 229

D

implicated.7,12,13,15 Maternal diabetes type I, ane-
mia, illness during the first trimester, advanced
maternal and paternal age, first parity, higher
maternal parity, and lower educational level
have been deemed risk factors. Medications like
isotretinoin, thalidomide, and mycophenolate
mofetil have been implicated in multiple birth de-
fects, including microtia.7,9,13 Alcohol consump-
tion has also been shown to increase the risk,
while folate consumption has been found to
reduce it.4 Genetically, there is a significant
contribution to microtia. Higher concordance
has been seen monozygotic (38.5%) versus dizy-
gotic twins (4.5%).9 Familial cases are common,
with either an autosomal recessive or dominant
mode of inheritance, with variable expression
and incomplete penetrance.7,13 Lastly, over 18
different microtia-associated syndromes with
single-gene defects or chromosomal aberrations
have been identified.7 Comprehensive lists of
the most common microtia-associated disorders
or syndromes can be found in several genetic re-
views published to date.7,9,12,13,15,16
ACCOMPANYING DIAGNOSES AND INITIAL
WORKUP

Approximately 20% to 60% of patients with micro-
tia have associated anomalies or an identifiable
syndrome, warranting a thorough examination to
detect any other dysmorphology.9,12 Concurrent
anomalies or a syndrome are more likely to be pre-
sent in those with bilateral microtia.4 During initial
workup of an anomalous ear (including microtia
spectrum or lesser findings such as preauricular
pits or tags), a thorough physical examination is
paramount. Given the high incidence of concur-
rent ear and renal anomalies in several syndromes,
a renal ultrasound is indicated when the ear mal-
formation is accompanied by other dysmorphic
features; a family history of deafness, auricular,
and/or renal malformations; or a maternal history
of gestational diabetes. In the absence of these
additional findings, renal ultrasonography is not
indicated.17

Associated malformations most common with
microtia include facial clefts (palate or others),
cardiac defects, ophthalmologic defects, limb
reduction defects, renalmalformations, or holopro-
sencephaly.11,12 Many of these anomalies are also
associated with OAVS, a heterogeneous disorder
involving the first and second branchial arch
derivatives with a very wide clinical spectrum.13

Characteristic features of OAVS overlap with other
named conditions, including CFM and Goldenhar
syndrome. It is thought that these distinct entities
are part of the OAV spectrum, with Goldenhar
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representing the most severe end.9,13 Microtia is
also a common feature of other syndromes,
including Townes-Brocks syndrome, Treacher-
Collins, Nager syndrome,Maier-Gorlin, andKabuki
syndrome.4 These conditions should be consid-
ered among the differential diagnosis when micro-
tia is present.

In 55% to 90% of cases, microtia is accompa-
nied by CAA, a malformed ear canal that can be
stenotic or completely absent with varying grades
of middle ear involvement.13 The degree of micro-
tia and the severity of middle ear dysplasia are
usually correlated, with more severe forms of
microtia having more severe middle ear involve-
ment.13,18,19 When evaluating a newborn with
microtia, an audiologic baseline evaluation should
be obtained within the first few months of life.8,20

While 80% to 90% of patients have conductive
hearing loss in the affected ear, 10% to 15% of pa-
tients can also present sensorineural hearing loss,
warranting further workup.4 Most patients have
normal hearing in the contralateral ear, which
should allow for normal speech and language
development.13,21 However, efforts should be
made to achieve binaural hearing during the crit-
ical period of brain development in early child-
hood,22 usually in the form a hearing aid. If there
is any concern regarding the hearing status of
the non-microtic ear (ie, a failed newborn hearing
screen) or in bilateral microtia cases, diagnostic
auditory brainstem response testing should be
performed.4 The normal ear should be closely
monitored throughout life, and prompt diagnosis
and treatment of middle ear effusion or other is-
sues should be undertaken to protect hearing.
CLASSIFICATIONS

Several classification systems for microtia have
been proposed overtime. The simplest classifica-
tions are based on the patterns of the dysmorphic
ear. These are the least specific but most widely
used. In 1926, Marx created the first classification
for microtia dividing it into 3 grades, later modified
by Rogers to include anotia4,8 (Table 1).

Later, Nagata proposed a classification with
descriptive terms based on the morphology of
the auricular remnant in a way that directly influ-
enced his approach.4,23 Firmin also created a clas-
sification based on skin incision patterns rather
than the ear morphology itself (see later discus-
sion),24 which is used mostly by those who utilize
her technique. More modern systems have
attempted to include additional features besides
ear morphology or surgical approach.4 Roberson
and Reinisch25 devised the HEAR MAPS classifi-
cation, using acronym that combines nor only the
Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
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Table 1
Most common classification systems in microtia

Classification System
Categories
Within System Explanation

Marx/Rogers
Classification

Grade I A smaller auricle with all identifiable features of an ear
Grade II An abnormal auricle with some recognizable normal

structures
Grade III An abnormal auricle with no recognizable normal

structures
Grade IV Anotia

Nagata Classification Lobule type Cartilaginous remnant and vertical lobule without
discernible canal concha, or tragus.

Concha type Remnant ear has a concha and lobule, with or without
a canal, tragus, or incisura intertragica.

Small concha type Remnant ear and lobule with only a small indentation
representing the concha, although usually
malpositioned (too anterior).

Anotia Absence of ear, or tissue present with no ear structure
resemblance

Atypical Cases that do not fit the above classifications

HEAR MAPS
Classification

Hearing Bone conduction and hearing function.
Ear Microtia Marx/Rogers grading
Atresia Jahrsdoerfer Scale based on temporal bone CT

morphology and candidacy for external auditory
canal reconstruction (EACR).

Remnant earlobe Grade 1: Normal
Grade 2: Mildly reduced
Grade 3: Moderately Reduced
Grade 4: Severely reduced/absent

Mandible Grade 1: Normal
Grade 2: Mildly reduced
Grade 3: Moderately reduced
Grade 4: Severely reduced/absent

Asymmetry of
soft tissue

Grade 1: Normal
Grade 2: Mildly reduced
Grade 3: Moderately reduced
Grade 4: Severely reduced/absent

Paresis facial nerve House-Brackmann scale
Syndromic? Grade 1: No

Grade 2: Yes
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external ear, but also hearing, temporal computed
tomographic (CT) scan results, facial morphology,
and presence of a syndrome. While this classifica-
tion is much more complex, it is comprehensive
and allows teams to consider both the ear recon-
structive and hearing aspects of the patient with
microtia. Its application would also allow for better
data collection for research.
SURGICAL TECHNIQUES
Preoperative Assessment

In taking the medical history, medical problems or
syndromes, any previous surgery on the head
or chest area, and any developmental delays
should be noted. Psychosocial implications of
ado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library
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the deformity should be considered, including
low self-esteem and bullying, which can be moti-
vators for surgery.26 Hearing status should be clar-
ified. The existence of a bone-anchored hearing
aid (BAHA) should factor into surgical planning.
During physical examination, the type of micro-

tia, skin quality around the ear, scars, low hairline,
and any asymmetries of the face or chest should
be noted. It is common to find undiagnosed hemi-
facial microsomia. One should look at the size and
shape of the contralateral ear and palpate for any
implanted hearing devices. A temporal bone CT
scan may be desired by otolaryngology to assess
internal ear anatomy for atresia reconstruction. If
the patient is appropriate for ear reconstruction,
the discussion of options follows.
 of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
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An external prosthesis is an option, which allows
for a very esthetically pleasing and symmetric ear.
However, prosthesis needs to be surgically
anchored, and maintenance is complicated; it can
fall off during activity and does not change color
like normal skin. Prosthetics are costly, often not
covered by insurance, and usually need to be
replaced every 2 to 3 years.27 While they are not
ideal in pediatric patients, they are valuable in
adults or in cases of severe scarring and failed
reconstruction.28,29 The second option is a porous
polyethylene implant and temporoparietal fascia
(TPF) flap. While it offers an off-the-shelf ear frame-
work with a predictable appearance, complication
rates can be high30 and difficult to manage.31 The
third option is autologous reconstruction utilizing
costal cartilage. This is the most widely utilized
technique among ear reconstruction surgeons.32

This technique offers a durable option with the pa-
tient’s own tissue, and greater ability to salvage in
case of exposure or infection at any point in life.28

However, it is technically demanding, has a steep
learning curve, and usually requires at least 2
stages. The surgical plan discussion with the pa-
tient and parents often involves more than one
consultation.
Autologous Reconstruction

History
Sir Harold Gillies was the first to use autologous
costal cartilage for ear reconstruction in 1920. In
1950, following the foundations laid by Gillies,
Tanzer reintroduced the use of rib cartilage for
ear reconstruction33 with a 6 stage approach.34

He described cartilage as “the best material avail-
able for building lasting support.”35

Brent refined Tanzer’s approach with the intro-
duction of his own 4 stage technique in 1974.36

During the first stage, Brent’s technique includes
harvesting part of the contralateral sixth, seventh,
and eighth ribs; carving and assembling them
into a framework and placing them under mastoid
skin under suction (Fig. 2). The second stage in-
volves lobule transposition (Fig. 3). The third is
the elevation of the construct with the placement
of a skin graft, and the fourth is creation of the
tragus36–38 (Fig. 4).

In 1993, Nagata introduced 2 stage approach
that combined the first, second, and final stages
of Brent’s technique, such that lobule transposi-
tion occurs in the same stage as framework fabri-
cation and placement.33,39 The second stage
focuses on refining the contours and elevating
the reconstructed ear to achieve a natural appear-
ance.39,40 His technique requires more cartilage
and is best suited for older patients40 (Fig. 5).
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In 1998, Firmin proposed significant modifica-
tions to the Nagata technique to add greater
versatility to the reconstruction depending on the
type of microtia.41 Besides developing different
frameworks, she also proposed different surgical
approaches tailored for each type of deformity41,42

(Fig. 6). Firmin advocated for keeping the original
tragus, antitragus, or both, rather than excising
the native portions of the microtia remnant.42

In 2000, Park introduced the expanded 2 flap
method for microtia reconstruction, a 3 stage pro-
cess that begins with the insertion of a subfascial
tissue expander.28,43 In the second stage, contra-
lateral rib cartilage is harvested to create the ear
framework, which is then placed with a skin flap
covering the anterior surface, and a fascial flap
and skin graft covering the posterior portion. The
third stage involves small touch-ups to shape the
fine details of the ear.28,43

Autologous technique
Thesenior authorprefersFirmin’s techniquewithher
own adaptations, which will be discussed in detail.

While optimal timing for surgery is controversial,
most surgeons prefer to do the surgery around the
ages of 7 to 10 years,24,40,44,45 because the human
ear reaches maturity around the age of 7 years.27 It
is also necessary to have sufficiently mature carti-
lage to create a construct that is stable and properly
sized. Nagata cites a cutoff of the age of 10 years
and chest circumference of 60 cm, while others
have the age of 8 years or 55 cm chest circumfer-
ence.23,28 Brent described performing the surgery
as young as the age of 6 years with an ideal of 7,
though his technique requires less cartilage.37

Regardless, the child should be mature enough to
participate in the decision and postoperative
care.39,44,45

First stage The initial surgery consists of planning
the ideal placement for the ear construct, dissect-
ing the skin envelope, harvesting rib cartilage,
carving and building the construct, and securing
it in the skin pocket. Like Brent, Firmin created a
template utilizing radiograph film to trace the
normal ear,37,46 but one can utilize any other ster-
ilizable and trimmable material. The normal ear is
traced in the plastic film (Fig. 7), which is placed
between 2 transparent film dressings on the sterile
field. A second template can be made and cut into
the components that need to be carved. In bilat-
eral microtia, the size and shape may be modeled
after parent’s ears. Three dimensional (3D) printed
models based off CT scans can also be used intra-
operatively as templates.47

Marking the proper position of the ear requires
measuring the normal side and transposing it to
Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
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Fig. 2. First stage of Burt Brent’s ear reconstruction technique. (Left) Rib harvest of sixth, seventh, and eighth ribs,
carving and assembly of framework. (Right) Remnant excision, pocket dissection, framework insertion, and place-
ment under suction. (Modified from Brent, B. Microtia repair with rib cartilage grafts: A review of personal expe-
rience with 1000 cases. Clinics in plastic surgery 2002;29:257–271.)

Camison et al232

Descarg
20
the microtia side. Firmin proposed measuring the
distance from the lateral canthus, ipsilateral oral
commissure, and ipsilateral alar base, considering
the angle of inclination of the ear.24,44 Yamada
found most ears have a 10% to 15% posterior
tilt of the upper helix, with the top located roughly
at level of the eyebrow.48 Nagata and Yamada uti-
lize a standardized ear positioning template.40,49

In patientswith hemifacial microsomia or ectopic
remnants, the facial platform is abnormal and the
ectopic remnant or external auditory canal (EAC)
may be anteriorly and inferiorly displaced (Fig. 8).
Thismay require removal of the remnant or superior
Fig. 3. Second stage of Burt Brent’s technique, lobule tran
technique for microtia reconstruction. Operative Tech
2017;28:77–83.)
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tunneling of the canal utilizing the surrounding skin,
to place the construct with the top edge of the ear
symmetricwith thecontralateral side.While antero-
posterior position can be asymmetric to the contra-
lateral normal, it is paramount that the vertical
height is symmetric (as this will be evident in ante-
roposterior [AP] view). These patients often have
jaw asymmetry that will be corrected at skeletal
maturity, so it is important not to position the ear
too inferiorly. If a low hairline is present, it should
not affect the position of the reconstructed ear.48

After shaving the scalp and positioning the ear,
hair-bearing skin that overlies the construct should
sposition. (Adapted from Behar, BJ, Mackay, DR. Brent
niques in Otolaryngology-Head and Neck Surgery
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Fig. 4. Third stage of Burt Brent’s technique. Following an incision just outside the helix and dissection of the
framework from the mastoid fascia (leaving a thin layer onto the cartilage), a cartilage piece is placed for eleva-
tion and covered with a turnover mastoid flap. The flap is covered with a skin graft. (Modified from Brent, B.
Microtia repair with rib cartilage grafts: A review of personal experience with 1000 cases. Clinics in plastic surgery
2002;29:257-271.)
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be removed, and any exposed portion of the
construct covered with a TPF flap and skin graft.44

Alternatively, some authors advocate for including
this skin and performing laser hair removal.50

For surgical preparation, both ears, the face, and
the chest should be exposed and sterile. Nagata
and Firmin both preferred to use the ipsilateral rib
cartilage, while others prefer contralateral carti-
lage.24,40,51,52 An oblique 3 to 8 cm skin incision
is made over the synchondrosis of ribs 6 to 7,
allowing retraction to visualize ribs 5 through 9.
The proposed ear pocket and chest are infiltrated
with 0.25% bupivacaine with epinephrine. The su-
perficial temporal artery (STA) is localized by
doppler to ensure that it is protected during the
dissection, noting any aberrant courses. Nagata
and Firmin have different approaches to skin inci-
sions. Nagata used a W flap, utilizing the auricular
remnant skin to transpose the remnant posteriorly
and use the remaining skin anteriorly to deepen
the concha. He is cautious to point out the impor-
tance of preservation of the subcutaneous pedicle
(Fig. 9).40,51–55 Firmin proposed different skin ap-
proaches based on the type of microtia, which
the senior author utilizes (see Fig. 6).

The pocket is dissected in a subcutaneous
fashion about 1 cm beyond the marked ear bor-
ders, preserving the subdermal plexus. Deep pits
or tags are excised and closed. For ear remnants,
skin is preserved but defatted, and native fibrocar-
tilage is removed.

Ribharvest canbeperformedconcurrentlywith 2
teams. Dissection proceeds down to the rectus
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fascia. Tominimize trauma to the rectus abdominis
and the external oblique muscles, it is preferable to
incise the fascia lateral to the rectus sheath and
retract the external oblique from rectus abdominis
muscles. The sixth, seventh, and eighth ribs are
identified. The eighth rib is usually intimately
attached to rib 7, but its distal tip does not extend
to xyphoid. The eighth rib can be harvested with
its perichondrium and cut about 2 mm from the
costochondral junction, which is thought to pre-
serve the ability for further growth.27 The sixth and
seventh ribs are also dissected to their bony junc-
tions. Following Firmin’s preference, ribs are
harvested with the anterior perichondrium while
leaving the posterior perichondrium intact
(Fig. 10, left). Once the ribs are isolated, the tem-
plate serves to plan the configuration for the ear
frame base, taking only as much cartilage as is
necessary. If the cartilage is small, part of the fifth
and ninth ribs can be harvested. Pleural integrity
is verified by irrigating the site and watching for
bubbles during a Valsalva maneuver. If present,
the injury is usually amenable to immediate repair
with resorbable suture over a red rubber catheter.

The senior author usually starts by carving the
eighth rib on a sterile side table to create the helix,
measuring ideally 7 to 8 cm. The caudal edge of
the rib will become the external part of the helix.
Using an 11 blade, the thicker proximal portion
of the rib is narrowed to create a flat surface that
will fit around the base piece. A curved carving
gouge is used to create the inner groove of helix,
which will allow the cartilage to bend and curve
Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
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Fig. 5. Satoru Nagata’s rib carving technique. The sixth through ninth ribs are taken without perichondrium and
sculpted into the several pieces required for each element of his construct. The assembly into a final framework is
shown in the bottom row.
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sufficiently while mimicking the ear shadows. The
distal tip of the eighth rib will become the lower he-
lix, attaching to the base just above the level of the
lobule. The proximal part will become the helical
root. If the eighth rib is injured, the ninth rib can
be used (if length allows).
Ribs 6 and 7 with their synchondrosis are then

used to construct the base. The outline is cut
based on the template. Additional pieces of carti-
lage may need to be added to the base. The sca-
pha and triangular fossa are carved with a curved
sculpting gouge, accentuating the depth. To pre-
vent the ear from appearing too thick, the senior
author bevels the outer base to achieve a rounded
contour, as well as tapering the base at the helical
root. The carved eighth rib helix is then attached
to the base. The antihelix can be carved out of
the remaining eighth rib or from a remnant of
ribs 6 and 7. Some surgeons prefer to extend
the antihelical piece to include the antitragus,
while others prefer to fashion a tragus/antitragus
complex from a single piece of rib. Those sub-
components will also be attached either with
wire or suture. Steel wire suture is expensive
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and carries the risk of extrusion, although it pro-
vides superior stability.48 We prefer to use some
wire sutures for areas where stability is paramount
(total of 5 or 6 38 gauge wire sutures), with the rest
using 4-0 clear PDS (double-armed, straight nee-
dles; see Fig. 10, right).
In carving the antihelix, one must remember the

3D characteristics of the subunits. The highest
point is in the center, where it is even with the helix.
The antihelical crura both taper down distally, with
the upper crus being wider and flatter than the
lower crus. It is important to taper the crura at least
3 to 4 mm away from the helix to allow the skin to
drape properly. Once the framework is attached,
contours are examined for irregularities or step-
offs. If the skin pocket allows, a remaining cartilage
piece can be added under the base for elevation.
Firmin described the possible locations of these
elevation pieces as P1, P2, and P3, with P1 serving
to elevate tragus and root of helix, P2 helping
create conchal depth, and P3 compensating for
a hypotrophic mastoid.24,44

The completed construct is placed in the
pocket. The construct can be anchored with PDS
 of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
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Fig. 6. Françoise Firmin’s skin approaches depending on the type of microtia. Type 1 (upper left) is a Z-plasty in
which one of the flaps incorporates the lobule. Type 2 (upper right) is a transverse transfixion incision, which
transfixes the skin and the fibrocartilage horizontally, splitting the remnants in 2 halves. This utilizes the skin
from the auricular remnant as a pocket for the inferior portion of the construct. Type 3 (bottom row) is divided
in 3a and 3b, and both are vertical incisions. Type 3a (bottom left) is used when there is enough skin, but the
fibrocartilage is deformed. See the incision camouflaged in an area where a future shadow will go. This recon-
struction does not require a second stage. Type 3 b (bottom right) is used when is not enough skin to include a
part of the framework into the remnants. In this case, the remnants will be removed and the construct placed
under mastoid skin, with elevation in another stage.
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to the underlying soft tissue (protect the STA). A 10
French drain is placed entering just past the poste-
rior hairline, traveling under the base of the frame-
work with the tip around the construct. Suction is
applied, which will adapt the skin envelope to the
construct. The skin is then closed using 5-
0 absorbable suture (Fig. 11). We leave the drains
in place for 2 to 3 days attached to bulb suction.
Some surgeons advocate for a sutured bolster as
well. If a bolster is placed, it is important to ensure
that the sutures do not create excessive pressure
on the underlying skin. The Nagata bolster was
kept in place for 12 to 14 days.48

Large remaining pieces of cartilage may be
banked in a subcutaneous pocket at the chest or
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diced and placed back into the perichondrium
pockets (when the entire perichondrium is left in
situ). Nagata showed that this leads to regenera-
tion of rib cartilage and aids in preservation of
chest contour.28,29 An intercostal block or a
progressive-release pump filled with bupivacaine
may be placed under the chest fascia.24,27 A
gentle pressure headwrap is then applied. Most
patients will require admission for observation
and maintenance of pain control, mostly at the
donor site. The pump and drain are removed just
prior to discharge. Patients follow up within
5 days of discharge and are monitored weekly to
monitor skin perfusion and wound healing. These
are sent home with a pain control regimen and
Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
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Fig. 7. Planning of reconstructed ear size and shape by tracing the contralateral ear in transparent plastic film
(left pane). Operating room setup for carving station (right pane).
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prophylactic antibiotics. For bilateral microtia,
both ears can be reconstructed simultaneously in
the first stage (Fig. 12).

Second stage Second stage involves elevation of
the construct, placement of a projection piece, a
possible vascularized local flap, and skin grafting.
It is preferable to wait around 6 months between
the first and second stages to allow scarring to
mature.28,44,46 If a TPF flap was used in the first
stage, it is advised to wait around 1 year. This pro-
cedure may be performed as an ambulatory
operation.
Askin incision ismade just outside thehelical rim.

The construct is then elevated from the level of the
mastoid fascia fromposterior to anterior, extending
from the root of the helix to the earlobe and as far as
Fig. 8. Patient with right microtia and associated hemifa
well as the malposition of the ear remnant, which is too
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the level of the concha to achieve proper depth of
the postauricular sulcus. The dissection plane can
either leave a layer of soft tissue over the cartilage
construct or be at the level of cartilage (Firmin’s
preference).44,46 The next step is to place an eleva-
tionpiece. If therewascartilage banked in the chest
at the first operation, it can be used. Alternatively, a
porous polyethylene implant can be used and
covered by well-vascularized tissue. Similarly, any
posterior cartilage that is exposed (from thedissec-
tion of prior construct or from a projection piece)
should be covered by a well-vascularized flap,
either using a TPF flap or a turnover mastoid fascia
flap. Nagata preferred to use a TPF flap and
stressed that it needed to overlap the construct
up to the level of the helical rim to prevent retraction
and maintain the proper projection.28 He also
cial microsomia. Note the overall facial asymmetry, as
low and anterior compared to the normal side.
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Fig. 9. Nagata W-shaped skin incision, evolution from Tanzer V-shaped skin incision. Here depicted is the incision
for the first stage in lobular type microtia. Note the shaded purple area, denoting the subcutaneous pedicle to be
preserved. Although there were minor differences for other types of microtia, this incision design is the basis of
his approach. Arrow points to a small circular excision that allows additional lenght for transposition into inferior
curved flap, creating the incisura intertragica.
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preferred to stack 2 ribs for projection. Firmin
exposed the posterior cartilage up to the concha
to secure the elevation piece, usually with a few
wire sutures to the native construct for stability
plus resorbable sutures.44 This is the best time to
adjust the position of the ear if needed.

Firmin offered different approaches to the sec-
ond stage depending on the projection needs. In
addition to utilizing the TPF flap, she also used
the tunnel technique,24,44 where cartilage pieces
are inserted in a pocket underneath the mastoid
fascia. This has become the senior author’s
preferred approach overtime due to ease, dura-
bility, and resistance to retraction.
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Simply placing a skin graft without an elevation
piece is also an option, which was used by Brent;
however, this sacrifices projection and sulcus
depth.

The posterior aspect of the ear construct and
elevation piece (either buried under mastoid fascia
or covered by a flap) is then covered by a skin
graft. Options are varied, ranging from an split-
thickness skin graft (STSG) from the scalp, to an
full-thickness skin graft (FTSG) from the contralat-
eral ear, groin, or lower abdomen. We prefer an
FTSG from the chest donor site. The risk of
STSG is contraction, which compromises
projection.28
Fig. 10. Autologous reconstruction
with costal cartilage following Firmin’s
technique. Ribs sixth through eighth
harvested for reconstruction with
anterior perichondrium in place (left
pane). Completed construct ready for
implantation (right pane).
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Fig. 11. Preoperative photo of small
conchal-type microtia in an 11 year
old female patient (left). Immediate
postoperative photo of the same pa-
tient after the first stage of autolo-
gous reconstruction (right). A Firmin
technique with a Type 2 incision (low
transfixion) was performed.
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Postoperative protocols vary in terms of
dressings, molding, and activity. Although eleva-
tion can be done simultaneously in bilateral
microtia, this may cause significant discomfort
in terms of sleep position and undue areas pres-
sure postoperatively.

Complications of autologous reconstruction As
one of the most challenging procedures in plastic
surgery, complications are inevitable. Setbacks
should be addressed in a timely manner, with the
goals of preserving the cartilage construct and
salvaging the appearance of the reconstruction.
Complications include skin necrosis, cartilage
exposure and resorption, hypertrophic scarring,
wire extrusion, infection, pneumothorax, and
chest deformity.23,32,40,44,46,56

Proper handling of the soft tissue envelope is
paramount. One must balance maintaining perfu-
sion of the skin with creating a thin skin envelope
to show the convoluted auricular contours. Gentle
tissue handling, a uniform skin flap, andminimizing
tension are all key.
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The area adjacent to skin incision is themost sus-
ceptible to skin necrosis. Small areas of skin necro-
sis are not uncommon.32 A 2 to 3 mm exposure can
spontaneously heal44,46,57; however, any exposure
at the helix should be promptly addressed. Instead
of awaiting skin demarcation, tackling the defect
earlier is vital for preservation of the underlying
cartilage, as resorption can occur as early as
2 weeks if not addressed.57 If skin tension allows,
or if there is skin excess, a delayed primary closure
or local flap can be performed. If insufficient, a local
vascularized flap and skin graft are needed.
Given that much of the challenge of ear recon-

struction is a paucity of non-hair-bearing skin,
many surgeons attempted preoperative skin-only
expansion as the solution. Most have abandoned
this approach due to long-term tissue contraction
and cartilage resorption.28,43,58

Hematomas are rare but can cause long-term
blunting of the construct anatomy. Good hemosta-
sis during the case, drains, and bolsters help pre-
vent them. An early hematoma is generally noticed
in the ward. If small and limited to a small anatomic
Fig. 12. Same female patient as de-
picted earlier, shown here 1 month
postoperative result from autologous
ear reconstruction with the Firmin
technique.
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area (eg, scapha), it may be drained with needle
aspiration and bolstered. Larger hematomas
should be addressed surgically.

Wire extrusion may be encountered years after
reconstruction. Later presentation after extrusion
can lead to late resorption of the adjacent carti-
lage, so patient counseling to seek an evaluation
early is paramount. The problem wire can be easily
pulled with a needle driver in an office setting. This
usually does not destabilize the reconstruction.

Infections or a significant pneumothorax are
quite rare.44 Notable chest deformities are also
rare, except when large amounts of rib are har-
vested or all perichondrium is harvested, and
when patients are under the age of 10 years.59

Contour deformities of the ear are usually related
to poor scarring, or skin necrosis leading to carti-
lage exposure.

Hypertrophic scarring or keloids can compro-
mise the long-term esthetic result.49 There is often
little control over scarring, outside of meticulous
soft tissue handling and minimizing skin tension.
Keloids are often postauricular and more frequent
in darker skin types. Scarring often compromises
the depth of the posterior auricular sulcus by blunt-
ing the depth and decreasing projection. This is
more likely with poorly perfused flaps and STSGs.

Revision cases of autologous ear reconstruc-
tion are challenging but can be performed
successfully.39,40,44,48,60 Secondary cases usu-
ally present with framework deformities, poor
definition, sulcus effacement, malposition, or
hair growth on the ear.49 It is important to assess
skin and scar quality, note hair-bearing areas, and
look for the preservation or absence of the STA. It
is usually necessary to remove the original carti-
laginous construct and harvest rib de novo.24

The temporoparietal fascia (TPF) is the workhorse
for revision surgeries when skin quality is not
adequate. If the superficial TPF flap was already
used in reconstruction, other options are the
deep temporoparietal fascial flap, mastoid fascia,
or a free contralateral TPF flap.60,61
Alloplastic Reconstruction

The modern concept of alloplastic ear recon-
struction was borne out the disadvantages of
autologous techniques. Ready-to-place implants
promise immediately reproducible results with a
prefabricated construct, avoiding the artistic de-
mand and steep learning curve of carving a
framework. The separate donor-site morbidity of
rib harvest is eradicated. A single surgical stage
is required (ideally), versus the traditional 2 to 4
stages of autologous techniques. Alloplastic
reconstruction can also be performed earlier in
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the child’s life (4–5 years), given that there is no
need to await sufficient ribcage growth.

In 1966, Cronin62,63 described the use of a sili-
cone construct placed internally for ear recon-
struction, but the technique was abandoned
overtime after extrusions and repeated failures.
The use of porous polyethylene for ear reconstruc-
tion was first described by Berghaus in animal
model in 1983.64 Wellisz and colleagues65 pub-
lished a series in 1993 describing 24 ear recon-
structions in burn patients using a patented
construct, with a 2 year follow-up. Reinisch, who
had also been performing the procedure since
the early 1990s, modified the construct and tech-
nique over ensuing years. Although he initially
placed the alloplastic construct under mastoid
skin, after noting an unacceptably high rate of ex-
posures, he started to add coverage of the
construct with a TPF flap based on the superficial
temporal artery (STA). He later noticed that incor-
porating the anterior branch of the STA provided
additional protection to exposure for the lower
construct. Over 30 years, Reinisch has continued
to improve and champion his single-stage tech-
nique of alloplastic reconstruction with porous
polyethylene construct and a TPF flap.66 The mod-
ern porous polyethylene ear framework is mar-
keted by Medpor � (Stryker, Durham, NC).

Alloplastic porous polyethylene framework
(Medpor�) and temporoparietal fascia flap:
technique
The following is the technique as described by
Reinisch, Lewin, and Tahiri.66–69 The most critical
part of the alloplastic reconstruction is the harvest
of adequate soft tissue coverage. Unlike autolo-
gous cartilage, porous polyethylene does not
fare well under a mastoid skin flap and requires a
thin but robust TPF axial flap to cover the entire
construct. The patient is orally intubated, and the
tube is secured. The full head is prepped in a
way that allows the surgeon to move the head
from side to side for the harvest of contralateral
ear skin as needed. The eyes, mouth, and nose
are covered with transparent film dressing.

Markings of temporoparietal fascia flap
The STA and its anterior and posterior branches
are identified by palpation or Doppler. The course
of the artery is important to understand for mark-
ings. The STA is the smaller of the terminal
branches of the external carotid artery. It can usu-
ally be palpated just anterior to the tragus. Approx-
imately 3 cm cranial to the zygomatic arch, the
STA divides into a posterior and anterior branch.
The anterior branch lies parallel and just posterior
to the temporal branch of the facial nerve. The
Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
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anterior branch turns posteriorly creating an
arcade about 12 cm cranial to the ear canal. Rein-
isch and Tahiri67 advocate including this trans-
verse portion of the anterior branch in the TPF to
provide a healthy blood supply to the most distal
aspect of the flap. After locating the vessel land-
marks, the flap is designed. The size is usually
10 cm in width to 13 cm in height from the center
of the ear—large enough to cover the entirety of
the implant after being shrink-wrapped onto the
framework with suction. The anterior border of
the flap is immediately anterior to the anterior
branch of the STA. In approximately 17% of cases,
the STA originates posterior to the lobule and runs
beneath the cartilage remnant,67 which should
prompt special care to avoid injuring the artery
during dissection of the flap. A template of the
normal ear is made and transferred to the affected
side. Other landmarks can be used to ensure the
proper location of the new ear (Fig. 13, top left).

Incisions and flap dissection
Several incisions have been proposed to develop
the TPF flap, including Y-shaped, zigzag, and
others. Reinisch used to perform a transverse inci-
sion 10 cm above the position of the ideal ear ca-
nal.66 He later changed his approach to include
an incision limited to the outline of the ear, with
an anterior transverse extension, as needed.
Following incision and subcutaneous reflection of
the mastoid skin and ear remnant, the scalp is
elevated from the TPF flap using aColorado needle
tip cautery in low cut setting, with care to avoid
injury to the vessels. The plane should be at the
junction of the TPF and the subcutaneous tissue.
Upon completion of dissection, an incision down
to the deep temporal fascia is completed, just
anterior to the anterior branch of the STA. The
same is done in the posterior border, incising
through the galea to the periosteum. The area ce-
phalic to the scalp elevation is dissected by placing
a urethral sound in the subgaleal plane, separating
galea from periosteum. The most distal extent of
the flap (most cranial) is incised from the underside
using a long, angled Colorado needle tip cautery.
The TPF flap is then bluntly dissected from the peri-
osteum (and, more caudally, the deep temporal
fascia), making sure to include the subgaleal plane
(loose areolar tissue) with the flap. The dissected,
proximally based TPF flap is delivered through
the mastoid incision (see Fig. 13, top right).

Implant preparation and placement
The 2 piece porous polyethylene implant is
washed with antibiotic solution, trimmed to the
desired size, and the pieces are assembled with
melted parts of PPE. Tahiri and Reinisch describe
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this process in detail elsewhere.67 Once the
implant is finalized, it can be secured to the
planned location with a thin flap of deep temporal
fascia attached to the inferior crus.28 The implant
is then covered with the TPF flap, leaving the loose
areolar tissue side oriented superficially as the
recipient bed for the skin grafts. Two suction
drains are placed exiting at parietal scalp area,
with one under the implant and one under the
scalp. Suction is applied, adapting the TPF flap
to the construct. A conchal depression that cre-
ates the shadow of an ear canal can be created
by excising remnant soft tissue down to the mas-
toid fascia (see Fig. 13, bottom left and center).
Skin grafts and tragus
The posterior surface of the ear is covered with a
full-thickness skin graft from the lower abdomen/
groin line. The anterior and lateral aspects (and
the carved faux canal) are covered with skin from
the microtic ear and adjacent mastoid skin, prefer-
ably taken as a skin graft instead of a flap. Addi-
tional skin needs can be addressed with an
FTSG from the posterior aspect of the contralat-
eral ear. The tragus is reconstructed with a piece
of microtic cartilage remnant placed under the
mastoid skin, which is folded onto itself. This is
secured with a temporary mattress suture holding
all 3 layers68 (see Fig. 13, bottom right).
Alloplastic reconstruction complications
Exposure, infection, injury to the temporal branch
of the facial nerve, vascular injury, permanent alo-
pecia, and implant fracture are possible with PPE
reconstruction.31 Exposure is the most common
complication30 and usually precedes infection. If
untreated, it can lead to complete reconstructive
failure.30 Exposures usually occur within the first
12 weeks, suggesting poor vascularity of the TPF
flap.31 However, it can happen years after surgery
prompted by trauma or repeated pressure points.
The rate of significant extrusion of PPE reconstruc-
tion has been reported to be 15% in a recent sys-
tematic review,30 and even in expert hands they
were reported at 7%. Alloplastic exposure rates
are higher30 and more difficult to salvage than
autologous reconstruction due to the prosthetic
material.
Notably, secondary reconstruction after a failed

alloplastic reconstruction failure is very challenging.
This is mainly because the primary alloplastic
operation uses the TPF flap, which is normally the
salvage operation for failures after autologous
reconstruction. Reinisch67,70 and Lewin31 have dis-
cussed placing a secondary implant and covering it
with another vascularized flap based on the
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Fig. 13. Alloplastic reconstruction with porous polyethylene (Medpor) and temporoparietal fascia flap. The pa-
tient and markings are depicted. The STA along with its anterior and posterior branches have been marked in
red, and the flap outlined with a dotted black line. The anterior branch of the STA runs just posteriorly to the
frontal branch of the facial nerve, so the flap is harvested just anterior to the vessel. Incisions are marked with
the continuous black line (top row, left). The inferiorly based TPF flap is harvested, delivered through the mastoid
opening, and placed onto the scalp (top row, right). The assembled Medpor construct is shown here, with its base
and helical rim (bottom row, left). The flap is turned down onto the construct and placed under suction, leaving
the underside (loose areolar tissue) as the surface to be skin grafted (bottom row, center). The finalized appear-
ance of the reconstructed ear with the deepened conchal bowl and multiple skin grafts sutured in place (bottom
row, right).
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occipital artery. There are little data regarding the
success rate of this salvage approach in other’s
hands.

Management of alloplastic reconstruction com-
plications is an extensive topic and covered
elsewhere.31,70
Hearing Considerations

Multidisciplinary treatment of the patient with
microtia is paramount, including the evaluations
from audiology and otolaryngology teams early in
life. They should advise regarding the best options
for hearing amplification or restoration.

The critical period of auditory plasticity and
development occurs before the age of 7 years.32
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Similar to amblyopia in the visual system,
amblyaudia has been described as persistent
hearing difficulty in patients who have asymmetric
hearing loss—such as unilateral atresia—during
the critical window of brain development.22 Even
with correction later in life, these patients may
have long-term deficits in auditory perception.22,71

This suggests that most patients with microtia may
benefit from nonsurgical bone conduction devices
at a young age and even surgical hearing augmen-
tation prior to the age of potential reconstruction.47

Although the frequencyof external auditory canal
reconstruction (EACR) has decreased over the
yearswith the improvement in outcomesofBAHAs,
this approach can certainly be performed, even at
the same time as auricular reconstruction.47,71,72
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dysmorphic features; a family history of deaf-
ness, auricular, and/or renal malformations;
or a maternal history of gestational diabetes.

� Reconstruction options can be broadly
divided in autologous techniques. Both tech-
niques are complex in their own way and
should be tackled by an experienced and
dedicated team.
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While external auditory canal reconstruction
(EACR) can be successful in the hands of experi-
enced surgeons, it has decreased benefit overtime
and 30% to 50% revision rates, along with the risk
of injury to the facial nerve.72 The otology team
should lead these discussions and determine
whether the patient is a candidate for EACR, or if
other hearing modalities are better suited.
Regarding timing, EACR generally must be

delayed until after autologous reconstruction to
preserve the mastoid skin that is needed to cover
the framework.67 On the other hand, EACR can be
performed before or at the same time as atresia-
plasty, because an alloplastic framework will
need to be covered by transposition of an addi-
tional TPF flap. However, EACR should not be per-
formed after alloplastic reconstruction, as the risk
of implant exposure and reconstructive loss is too
high.71

Most patients can receive active or passive
bone conduction implants (BAHA�, Cochlear Cor-
poration, Macquarie University, NSW, Australia;
Ponto�, Oticon, Kongebakken, Denmark; and
BoneBridge MED-EL, Innsbruck, Austria)71 with
excellent hearing results. The auricular reconstruc-
tive surgeon must communicate with the otolaryn-
gologist to discuss the incisions and placement of
the bone conduction implant, so as not to hinder
the ear reconstruction. Functionally, the optimal
placement is 50 to 55 mm posterosuperior to the
natural EAC. It is also important to place it beyond
non-hair-bearing skin and away from the superfi-
cial temporal fascia.47,72

Some of the current hearing devices do not
allow for the use of monopolar cautery during sur-
gery, which can complicate any planned craniofa-
cial procedures in patients with microtia.
CLINICS CARE POINTS
� Microtia is a congenital condition that ranges
from small ear malformations to anotia.

� Prevalence varies from 0.8 to 17.4 per 10,000
in different populations, being more com-
mon in those of Andean, Native American,
and Asian descent.

� Microtia is concomitant with atresia in up to
90% of cases. The extent of hearing loss
should be diagnosed and addressed early.

� Microtia can be isolated or associated with
other malformations (20%–60% of cases).
Renal ultrasound is recommended in the
newborn if microtia is present with one or
more of the following findings: any other
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