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ABSTRACT

A wide spectrum of anomalies may involve the auditory system. As a visible structure, auricular
malformations constitute a great burden. A wide set of anomalies may affect the ear including the microtia
spectrum, protruding ears (bat ear), constricted ear (Lop and Cup ears), Stahl ear, and cryptotia. In plastic
surgery practice protruding ears and microtia are common presentations. Microtia literally means small ears.
Microtia is a spectrum of anomalies of the auricle that range from disorganized remnant of cartilage attached
to soft tissue lobule to complete absence of the ear (anotia). Ear reconstructive procedures has made in impact
in the lives of these patients. The early attempts to surgically restore the ear in microtia was in 1920 using a
rib cartilage. Up to 49% of microtia cases are associated with other anomalies or a known syndrome. The
most common syndromic associations are hemifacial microsomia, Towens Brocks syndrome, Treacher
Collins, Goldenhar and Nager syndrome. Oculo-auriculo-vertebral spectrum (OAVS). Generally, the ear can
be retrieved by two possible methods: Surgical reconstruction using autologous or alloplastic cartilage and
the use of prosthesis which could be adhesive or implant retained. Surgical reconstruction proved to be
superior to other methods due to its longevity and less complications. The only limitation is the skill of the

surgeon. Ear prosthesis are reserved for special cases including traumatic anotia in adults.
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INTRODUCTION

Congenital deformities may involve any part
of the body, of which those involving the
craniofacial skeleton constitute a much greater
burden. A study by Weerda et al. ‘states that the ear
is more likely to be congenitally malformed
compared to the nose and throat due to the complex
embryology of the ear. Ear malformation may
involve the outer auricle, external auditory canal,
middle and inner ear. Most of outer and middle ear
malformations are right sided and unilateral, while
inner ear malformations can be unilateral or
bilateral »* > * . Different parts of the human ear
develop separately as such a combination of outer,
middle and inner ear deformities are quite rare. A
combined ear deformity described by Swartz and
Fearber et al. * known as atresia auris congenita
where the outer and middle ears are malformed and
occasionally the inner ear. A wide spectrum of
anomalies may involve the auditory system. The
auricle may be malformed in terms of orientation,
size and position. The external auditory canal can
be aplastic or hypoplastic. The middle ear
structures including the ossicles, round and less
likely the oval window can be malformed.
Congenital ossicular malformation are described to

affect the size, number and configuration of the
ossicles. In addition, middle ear space and
configuration are occasionally malformed *. Minor
Middle ear anomalies are exclusive to the middle
ear and do not involve the tympanic membrane or
the external ear and are classified by Teunissen
and Cremers in 1993 based on surgical approach
into four main groups: isolated stapes ankylosis,
stapes ankylosis associated with other ossicular
malformations, deformity of the ossicular chain
with mobile stapes footplate, and severe aplasia or
dysplasia of oval or round windows °. Inner ear
malformations are either due to arrested or
abnormal development and include Michel
deformity  (Labyrinthine aplasia), cochlear
aplasia’hypoplasia, common cavity, incomplete
partition, and large vestibular aqueduct (LVA)
syndrome °.

Despite the morbidity associated with middle
and inner ear congenital anomalies in terms of
effect on hearing, the auricle a visible part of the
auditory system contributes significantly to facial
beauty. Therefore, a normal structure and position
of the auricle is preferred to maintain a desirable
appearance. Various congenital malformation may
affect the auricle and cause a long-lasting
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psychological distress and include the microtia
spectrum, protruding ears (bat ear), constricted
ear (Lop and Cup ears), Stahl ear, and cryptotia.
In plastic surgery practice protruding ears and
microtia are common presentations. A study done
by Litschel R et al. ” to quantify the attention to
individuals with protruding ears and its effect on
personality. The study concluded that protruding
ears draw the attention of public, but they do not
have a negative impact on personality perception.
Another study by Byun et al. ® to evaluate public
perception of microtia found that microtia
comparable to monocular blindness among other
less stigmatizing conditions, as such it is viewed in
the eyes of public as a handicap.

Microtia literally means small ears. Microtia
includes a spectrum of anomalies of the auricle that
range in severity from disorganized remnant of
cartilage attached to soft tissue lobule to complete
absence of the ear (anotia) °.A review of literature
revealed no consensus on the naming, some authors
use the term microtia to indicate the full spectrum
of the anomaly while others simply refer to it as
microtia/anotia spectrum ' ' 2 Interestingly, ear
tags are also regarded as part of microtia/anotia °
. Mostly, it is a unilateral anomaly with a right side
dominance **.  While Microtia is typically an
external ear deformity, these patients suffer from
conductive hearing loss due meatal, external
auditory canal or tympanic  membrane
abnormalities °. As a birth defect, microtia can be
an isolated anomaly or part of a syndrome. Bilateral
microtia is more likely to be syndromic ** . As a
visible  deformity, patients usually  have
psychological issues. Ear reconstruction has
alleviated the high rates of anxiety and depression
suffered by these patients with a much-improved
social interaction *°.

Reconstruction of the ear is recognized as a
demanding procedure with unfavorable outcomes
even in the hands of expert surgeons. The
limitations of the surgery are usually due to the
underlying tissue shortages, a limited donor tissues,
and some are due to the surgeon himself. Even
more demanding is the revision surgery for a
previous unsatisfactory result, with a scarred
recipient and even more limited donor site. As
such, ear reconstructive surgery for microtia is a
challenge to every plastic surgeon, with a
continuous research to develop more effective
techniques to counteract all the possible limitations.

Our aim from this article is to review the most
recent ligature in microtia with a special focus on
surgical reconstruction.

MICROTIA SURGICAL
THROUGH HISTORY

The early attempts to surgically restore the ear
in microtia was in 1920 using a rib cartilage by
Gillis.  Soon after, several reports emerged
regarding the use of allogenic cartilage as possible
substitute, but unfortunately most of these attempts
failed as the allogenic cartilage was reported to be
slowly resorbed 1
Tanzer *° established the modern era of auricular
reconstruction by the reintroduction of autogenous
cartilage graft. The promising results of Tanzer
inspired Brent who modified the techniques of
Tanzer and created the four-stage repair of
microtia. Later, Nagata '’ created a more complex
technique for auricular reconstruction with only two
stages of repair. Despite the less stages, Nagata
created a more detailed ear framework than Brent
18 at the expense of using more cartilage.

Recently, artificial materials have been
explored as a mean to spare the rib cartilage.
Silastic, an artificial substitute is used for auricular
reconstruction, but this and other artificial materials
have been associated with a higher rate of
extrusion. Porous Polyethylene has been explored
as possibility for ear reconstruction and is now
considered a standard of care by many surgeons®.
Finally, auricular prosthesis has indeed stabilized
auricular reconstruction and made it possible for
many surgeons to operate safely.
EPIDEMIOLOGY

External ear anomalies are common in up to 5
% of the population ?° . Forrester et al .» study
reports the prevalence of microtia in the United
States to be 2 — 3/10000 births, with a greater
increase in Hispanics and Japanese. Shaw et al. %
determined the prevalence of microtia through a
population based registry where the data is derived
from the California Birth Defects Monitoring
Program with 2.5 million birth and stillbirths from
the period of 1989 - 1997. The prevalence was 2.50
/10,000 live births and stillbirths. Syndromic
microtia was reported to be higher than isolated
microtia with 1.53/10000 births compared to
0.63/10000 births. It was also found that Hispanics
and Asians are more likely to have microtia/anotia
compared to Caucasians. Canfield et al. * obtained
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data from Texas Birth Defects Registry and
determined a prevalence of 2.86/10000 live birth
along with increased incidence among Hispanics
and a higher maternal age. A study in china
revealed a prevalence of microtia to be 1.4/10000
births . Males were also found to be more
predisposed to microtia/anotia %> %, An interesting
finding by Castilla et al. ® which reported a higher
prevalence of microtia along with other craniofacial
anomalies in higher altitudes in Latin America. At
an altitude above 3000ft in the Ecuador a microtia
prevalence of 17.4/10000 births was reported.
Moreover, a recent study in 2016 by stoll et al. * in
France established the prevalence of anotia microtia
on 387067 births with a ratio of 3.77/10000 births.

RELEVANT ANATOMY AND
EMBRYOLOGY

The ear is made of a complex-shaped cartilage
covered on its visible surface with thin, tightly
adherent skin. A consideration must be made when
reconstructing an ear to be more rigid than the
normally delicate ear. A reconstructed ear reaches
its final shape through a series of scar contracture,
which would eventually accentuate the fine
sculptures made by the surgeon. As such, imperfect
results are expected even when using the best
techniques for auricular reconstruction. While the
current techniques have their own deficiencies, the
surgeon should pay more attention to the size,
position and proper angulation of the ears relative
to other structures.
Most patients with microtia have atretic auricle,
external auditory canal and tympanic membrane
with variable involvement of the ossicles. The
middle and external ears are derivatives of the first
and second branchial arches. The auricle is made
from several bulges in the first and second arches
known as auricular hillocks. Each of the hillocks
contributes to a specific part of the pinna, and those
in the second arch form most of the auricle. Hillock
development usually occurs slowly over a period of
months, with the overlying ectoderm having a
significant role in the final form of the auricle. The
inner ear on the other hand have a completely
different embryological origin, therefore it is
always normal in patients with microtia/anotia %.

RISK FACTORS AND ASSOCIATED
ANOMALIES

Several case control studies and population

based cross sectional studies extensively
investigated the possible risk factors associated

with microtia/anotia. The risk factors reviewed are
generally either due to maternal illness or exposure
to certain medications during pregnancy. High
maternal or paternal age, multiple births, and
maternal type 1 diabetes are well documented risk
factors %%°.A Japanese study by Okami et al. ** on
592 patients with microtia showed a significant
association between microtia and gestosis, maternal
cold , spontaneous abortion, and anemia. Several
epidemiological studies have linked Hispanic race
and high altitude to the occurrence of
anotia/microtia %?°. Low birth weight is also
associated with microtia, but no causal relation is
found between the two 2. Retinoids, thalidomide
and mycophenolate mofetil are strongly associated
with microtia/anotia %,

The most recent literature by Stoll et al. * who
stated that up to 49% of microtia cases are
associated with other anomalies or a known
syndrome. Although, the percentage has varied
widely in previous literature ranging between 20 -
60% **#?1%  Non syndromic  congenital
malformations involving the heart, kidney and the
facial skeleton including facial clefting, and
asymmetry are also reported with a varying
percentage %% Several other studies
demonstrated the association of microtia with
chromosomal aberrations including 13, 18, and 21
with a percentage ranging from 2% to 14% %' .
The association with chromosome 18 is the most
common according to stoll et al. * recent study
which is consistent with other literature. These
findings nescciates the examiner to look for the
other possible syndromes, to provide the optimal
treatment.

The most common syndromic associations are
hemifacial microsomia, Towens Brocks syndrome,
Treacher Collins, Goldenhar and Nager syndrome.
Oculo-auriculo-vertebral spectrum (OAVS), is
characterized by microtia, ear tags, epibulbar
dermoids, microphthalmia, and macrostomia **.
OAVS and microtia/Anotia spectrum share many
similarities in terms of mode of inheritance, right
side and male dominance. Therefore, some authors
regard them as one anomaly with two extremes of
severity?’

CLASSIFICATION OF MICROTIA

A complex malformation such as microtia
requires a standardized classification to facilitate
further understanding. A Review of literature
revealed several classifications for microtia
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beginning with Marx classification®® in 1926 and standard for describing microtia. A summary of the
ending with hunter et al.? classification in 2009. classifications published in literature is presented in
Most relied on the surgical approach, and some on Table 1. Figures 1 — 4 show the different grades of
morphology and embryological development for microtia according to Marx

classification. Weerda classification® is now the classification.

Grade I: a normally structured auricle, but smaller than normal

Grade I1: Abnormal auricle with some identifiable features

Grade I11: Rudimentary ear

Grade 1V (added from Rogers 1977): Anotia

Type 1: Anotia

Type 2: Completely hypoplastic ear (microtia)

a. With atresia of the EAC
b. Without atresia of the EAC

Type 3: Hypoplasia of the middle third of the auricle

Type 4. Hypoplasia of the superior third of the auricle.

a. Constricted (cup and lop) ear.
b. Cryptoptia.
c. Hypoplasia of entire superior third.

Type 5. Prominent ear

First degree Malformation: Most structures of a normal auricle are recognizable (minor deformities).

Lobule deformities
Absence of upper helix
Cup ear deformities

i. Stahl ear

a.  Macrotia

b.  deformities of tragus and antitragus
c.  Protruding ears

d.  Colobomata

e.  Cryptoptia

f.

g.

h.

Second degree Malformation: Some structures of a normal auricle are recognizable. eg.mini ear

Third degree Malformation: None of the structures of a normal auricle are recognizable.
Classified as unilateral or bilateral. Anotia is included in this category

Lobule-type: Remnant of the auricle and lobule; without the concha, EAC, and tragus

Concha-type: Variable degree of presence of the lobule, concha, EAC, tragus, incisura tragica

Small concha-type: Remnant of the auricle and lobule with a small indentation representing the concha

Anotia: None or only minute resemblance of a remnant auricle

Atypical: Cases that do not fall into any of the above classifications

Microtia, First Degree. Presence of all the normal ear components and the median longitudinal length
more than 2 SD below the mean.

Microtia, Second Degree. Median longitudinal length of the ear more than 2 SD below the mean in the
presence of some, but not all, parts of the normal ear.

Microtia, Third Degree. Presence of some auricular structures, but none of these structures conforms to
recognized ear components

Anotia. Complete absence of the ear
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Table 1. Classification of microtia

Figurel. Grade 1 Microtia

Figure 3. Grade 3 microtia

Figure 2. Grade 2 Microtia

Figure 4. Grade 4 microtia (anotia)

All the pictures in this review are adapted with permission from http://craniofacialteamtexas.com/

MANAGEMENT

Reasonable goals in reconstruction of microtia are
a satisfied patient, proper position, adequate size and
contour. It must be explained to the parents that a
reconstructed ear is in elastic and will not duplicate the
original ears. Even when effort is made to ensure a
detailed ear framework, several minor complications

may occur and negate the efforts. These include poor
healing, infections, hematoma or skin break down. By
age 7, the ears have achieved much of their adult size.
As the child grows, the thoracic cavity increases in size
such that by age 6 adequate donor cartilage may be
available as such patient is ready for surgery. As the
child grows, more cartilage becomes available, making
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reconstruction easier. However, waiting for maturity of
donor cartilage must be weighed against the child
psychological status .

Generally, the ear can be retrieved by two
possible methods:

1. Surgical reconstruction using autologous or
alloplastic cartilage.

2. The use of prosthesis which could be
adhesive or implant retained.

Autologous Ear reconstruction

We describe in this part the works of Brent and
Nagata in ear reconstruction. Brent created the classic
four staged repair operations for microtia and was
modified by Nagata into a 2-staged operation. Brent
procedure was more suitable to the lobule type microtia
as the second stage involves the transposition of the
already existing lobule, but at the expense of keeping
the patient a longer time. On the other hand, Nagata
surgery was better suited for the conchal bowel type
microtia with a 1 cm vascularized pedicle serving as
the new ear lobule created at the same time as the new
ear framework in a single stage. The following is the
summary of Brent four stages procedure and Nagata
two stages procedure:

Brent Surgical Technique

Stage 1: Ear framework reconstruction

Preoperatively, three templates using radiograph
film is made. The first will show the helical rim tragus,
antitragus and conchal bowel. The second template will
outline the same landmarks above without the helical
rim which will be used to harvest the base of the
framework from the sixth and seventh ribs before the
helical rim is added. A Third template with markings
toward the lateral canthus and oral commissures are
made to ensure proper positioning on the opposite side
of the normal ear. Additionally, the distance from the
lateral canthus to the helical root should be measured
to confirm correct distances as marked on the template.
The surgery is performed under general anesthesia with
face and both ears fully exposed. The contralateral
cartilaginous portion of the sixth to eighth ribs is
harvested since the curvature of the thorax can be used
to our advantage. Dissection then begins at the inferior
margin of the costal cartilage. Lateral dissection is then
performed to identify the eighth rib. Ribs are dissected
posterior to the Osseo cutaneous junction. The ribs
must not be cut until they have been exposed to the
Osseo-chondral junction. The second template is
placed over the cartilaginous joint of the rib between
the sixth and seventh ribs. It must be ensured that the
cartilage is cut with the entire perichondrium intact as
well as the entire cartilaginous portion of the eighth rib.

18,40

After that an incision is made over the microtic ear to
remove the remnants.

The base of the framework is made from the sixth
and seventh ribs. The helix is reconstructed from the
eighth rib, which is made thinner to allow it to bend.
The two parts are then joined together. The framework
is then inserted into the previously dissected remnant in
an upside-down manner and with rotation into correct
position. After that a dressing is put for 3 days.

Stage I1: Lobular transposition

Under local anesthesia in an outpatient basis. This
is done 6 to 8 weeks after the first stage of
reconstruction. This stage is assuming the presence of a
remnant lobule which usually place superiorly than
normal. The remnant is made into a pedicled flap and
is rotated inferiorly. An inferior incision is made over
the helix to allow positioning of the new lobule.

Stage I11: Frame Elevation

Performed under general anesthesia. The
framework is freed from the underlying soft tissue. The
scalp posterior to the incision is dissected extensively,
an advancement flap is created to cover the new
postauricular sulcus and now remains the posterior
surface of the framework. A split thickness skin graft
from the buttocks or a full thickness skin graft from
below the umbilicus is made to cover the posterior
defect.

Stage IV: Tragus Reconstruction

A composite graft from the opposite conchal
cartilage is used to reconstruct the tragus and then the
donor site can be closed primarily
Nagata surgical technique *"*

Stage 1

The procedure is done under general anesthesia. In
Nagata technique, framework and tragus reconstruction
in addition to lobular transposition are done in stage 1.

Stage 1
The procedure is done as an outpatient. The framework
is freed, and the ear is elevated. Cartilage harvested
from the first stage is usually stored beneath the skin is
now retrieved and cut to create a wedge. This is placed
posterior to the elevated ear and covered with a flap.
An advancement flap is made to cover the mastoid
cortex. A skin graft is made to cover the posterior
defect of the ear.
Alloplastic Ear Reconstruction

The auricular framework composed of porous
polyethylene (Medpor) is used instead of costal
cartilage. The addition of temporoparietal flap to cover
the frame decreased the complication of implant
exposure. This type of reconstruction has the advantage
of being a single stage procedure. An incision is made
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posterior to planned position of alloplastic implant. The
cartilage is removed and skin is thinned. For dissecting
TPF (temporoparietal) flap the superficial temporal
artery pedicle is identified and preserved. The high-
density porous polyethylene implant is collected and
joined together using a cautery that melts the pieces
together. The flap then covers the implant. A skin graft
is then applied over the flap. A dressing is applied *.

Complications

For cartilage reconstruction, the most common
complications are exposure due to a local infection,
malposition, low-lying hair, resorption, delayed
fracture, and disarticulation. Alloplastic reconstruction
is reported to have less complications compared to
cartilage reconstruction®.
Prosthetic ear replacements

An ear prosthesis can be retained to the skull by
either adhesives or an implant, adhesives were an
impractical method. Osseo integrated titanium implants
made prosthetic replacements more practical by
placing a titanium anchored to the temporal bone.
Prosthesis are Usually not the best method for children
as they refuse to wear them®. They are more liable to
infections which will necessitate their removal until the
infection is dealt with. Moreover, the removal of these
prosthesis will serve as a reminder to these children
that they are still having a malformed ear. Ear
prosthesis for children usually have an integrated
hearing aids and must be replaced every 5 years, which
would be expensive”. Probably the absolute
indications for prosthesis are a failed autologous
reconstruction for a child or a traumatic anotia in an
adult

CONCLUSION

In conclusion, microtia constitute a heterogenous
group of malformations occurring at rate that should
draw the attention of every plastic surgeon,
otorhinolaryngologist and the general medical field.
Reconstruction of the ear is as stated a challenge to
every surgeon, but at the same time probably one of the
most rewarding surgeries. The continuing research in
stem cell will open the doors for the creation of
replacement tissue without sacrificing the existing
donor tissue and will enable more surgeons to operate
confidently and with improved results.
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