REVIEW

Auricular reconstruction for microtia:
A review of available methods

Narges Baluch MD', Satoru Nagata MD PhD?, Chul Park MD PhD3, Gordon H Wilkes MD FRCSC*,
John Reinisch MD FACS®, Leila Kasrai MD FRCSC MPH'"¢7, David Fisher MB BCh FRCSC FACS'©

N Baluch, S Nagata, C Park, et al. Auricular
reconstruction for microtia: A review of available é
methods. Plast Surg 2014;22(1):39-43.

THERAPEUTIC

Several surgical techniques have been described for auricular reconstruction.
Autologous reconstruction using costal cartilage is the most widely
accepted technique of microtia repair. However, other techniques have
certain indications and should be discussed with patients and families
when planning for an auricular reconstruction. In the present review, the
authors discuss the main surgical techniques for auricular reconstruction
including autologous costal cartilage graft, Medpor (Stryker, USA)
implant and prosthetic reconstruction. To further elaborate on the
advantages and disadvantages of each technique, the authors invited
leaders in this field, Dr Nagata, Dr Park, Dr Reinisch and Dr Wilkes, to
comment on their own technique and provide examples of their methods.
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La reconstruction de microties : une analyse des
méthodes existantes

Plusieurs techniques chirurgicales de reconstruction auriculaire ont
déja été décrites. La reconstruction autologue 2 I'aide de cartilage cos-
tal est la technique la plus acceptée pour la réparation des microties.
Cependant, d’autres techniques sont parfois indiquées et devraient
étre proposées aux patients et a leur famille au moment de planifier
une reconstruction auriculaire. Dans la présente analyse, les auteurs
traitent des principales techniques chirurgicales de reconstruction
auriculaire, y compris la greffe de cartilage costal autologue, 'implant
Medpor (Stryker, Etats-Unis) et la reconstruction prosthétique. Pour
traiter des avantages et inconvénients de chaque technique, les auteurs
ont invité les docteurs Nagata, Park, Reinish et Wilkes, chefs de file
dans ce domaine, 2 commenter leur propre technique et a donner des
exemples de leurs méthodes.

icrotia describes a congenitally small and malformed external ear.

The deformtiy occurs with a frequency of one in every 7000 to
8000 live births (1). The prevalence is significantly higher in
Hispanics, Asians, Native Americans and Andeans. Males are affected
more than females, and most cases of microtia are unilateral with a
higher rate of occurrence on the right side. Environmental and genetic
factors are important in the etiology of microtia (2). Microtia can
cause psychological morbidity and surgical repair results in significant
relief (3).

The normal external ear is a complex three-dimensional structure
and, as such, reconstruction of the ear is a demanding undertaking. A
new era in ear reconstruction began in 1959 when Tanzer (4) intro-
duced his multistage autologous rib cartilage technique. Since then,
modifications have been made to the original technique of Tanzer,
mainly by Brent (5) and then Nagata (6), to improve esthetic results
and decrease complication rates. The autologous rib cartilage graft has
gained wide acceptance by surgeons; however, some other methods
have been devised for auricular reconstruction including prosthetic
and implant reconstruction, among others.

Classification systems have been developed to facilitate diagnosis,
surgical repair and research studies of microtia. Hermann Marx
described the first classification system in 1926, which was later modi-
fied by Meurman. Marx/Meurman classified microtia into four degrees
based on the vestigial remnant. In grade I microtia, all of the structures
are present but with variable degrees of hypoplasia of the auricle, with
cupping and variable external auditory stenosis. In grade I, variable
hypoplasia of the concha is often accompanied by the absence of the

external auditory canal. Grade III is the classic ‘peanut ear’, in which
the auricle is absent and the lobule has an abnormal shape and position.
Grade IV, known as anotia, is the most severe from of microtia, which
is characterized by the complete absence of external ear (7,8).

Nagata (6) defined five types of microtia based on the surgical
technique for each deformity. In the anotia type, the external ear is
completely absent. Lobule type includes a variably shaped remnant
cartilaginous anlage and a vertically oriented lobule, with no acoustic
meatus, concha or tragus. Large conchal type is characterized by the
presence of lobule, concha (with or without acoustic meatus), tragus,
and intertragal notch but with varying degrees of deformity of the
upper pole of the auricle. The small conchal type is similar to the lob-
ule type but with a small indentation in the region of the conchal
bowl. Atypical type includes all of the deformities that do not fit in the
other categories (7).

In the present article, we review the main surgical techniques for
total auricular reconstruction. The significance of the review is the
contribution of leaders in this field. They were each invited to contrib-
ute example cases and discuss the advantages and disadvantages of
their own techniques.

AUTOLOGOUS COSTAL CARTILAGE GRAFT
Despite the advances in other methods, autologous costal cartilage
graft remains the mainstream of ear reconstruction surgery. The
acceptable aesthetic results and durability of the cartilaginous frame-
work in long-term follow-up have contributed to the success of this

method (9). The Tanzer (4), Walton and Beahm (9) and Brent (10)
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Figure 1) Nagata technique. A Intraoperative view. B Postoperative
view (Courtesy of Dr Satoru Nagata, Akiba Hospital, Urawa,
Saitama, Japan)

methods have provided the basis for current autologous reconstruction
techniques. Historically, it has required three or four stages to create
an ear. Current techniques have evolved to reduce the number of
required stages.

Nagata technique

The Nagata technique for auricular reconstruction encompasses two
stages. The first is performed no earlier than 10 years of age and after
the chest circumference at the level of the xyphoid has grown to at
least 60 cm. In the first stage, the lobule is split and transposed, and a
three-dimensional (3D) costal cartilage framework is constructed and
inserted in a subcutaneous pocket. At the second stage, the ear is pro-
jected with a second costal cartilage block, and the retroauricular sul-
cus is created and is covered with a fascial flap and skin graft.

First stage: Nagata harvests the ipsilateral sixth to ninth costal carti-
lages to fabricate the framework. The sixth and seventh costal cartilages
are used to construct the base frame. The ninth costal cartilage forms
antihelix, superior and inferior crus. The helical rimhelix unit and crus
helicis are constructed using the eighth costal cartilage. Conchal bowl
elements are created from rib cartilage remnants. Fine-gauge wire
sutures are used to assemble the constructed units and create the one-
piece, 3D framework (11).

To avoid the complications associated with costal cartilage harvest
for total auricular reconstruction, Kawanabe and Nagata (12) preserve
the perichondrium at the donor site. After the fabrication of the 3D
framework, the remaining cartilages are cut into 2 mm to 3 mm blocks
and returned to the perichondrial pockets. In 273 cases, with a follow-
up period ranging from six to 43 months, they reported one pneumo-
thorax, one case of methicillin-resistant infection and no chest wall
deformities (12). They have also confirmed the regeneration of the
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cartilage at the donor site. In four representative cases, regenerated
cartilage was sampled during the second stage. The regenerated carti-
lage demonstrated gross and histological characteristics of normal
cartilage. Hence, the regenerated cartilage can be used for secondary
auricular reconstruction and bilateral cases, in which the availability
of cartilage donor may be limited (13).

To cover his 3D cartilage framework, Nagata creates four skin flaps.

The lobule is split to form an anterior and a posterior skin flap. The
posterior lobule flap remains attached to the mastoid skin flap, which is
thus increased in surface area. An anteriorly based tragal flap is used to
surface the external surface of the tragus. Skin incisions defining the
margins of the mastoid and posterior lobule flaps form a ‘lazy W’. The
middle adjacent limbs of the ‘W’ will meet to form an inverted cone and
the depth of the intertragal notch. The W-flap and anterior lobule flap
will reciprocally transpose in a z-plasty fashion. Vascularity of the W flap
is increased by maintaining a subcutaneous pedicle in the floor of the
conchal bowl. The above described incisions provide access for excision
of the rudimentary auricular cartilage and for creation of the subcuta-
neous pocket. The 3D framework is introduced into the subcutaneous
pocket around the subcutaneous pedicle. The skin flaps are secured over
the 3D framework with sutured bolsters, which are left in the place for
two weeks (11).
Second stage: At least six months after the first operation, the patient
undergoes the second stage of surgery, which involves the elevation of
reconstructed ear. An incision, made approximately 1 cm posterior to
the helix, is used to elevate the framework. A crescent-shape wedge of
autologous rib cartilage harvested from the fifth rib is placed under the
ear to prevent repositioning of the framework. A temporoparietal
fascia flap is raised and tunnelled subcutaneously toward the posterior
aspect of the construct to provide coverage for the posterior surface of
ear and cartilage graft and mastoid surface. The retroauricular skin is
advanced anteriorly and a split-thickness skin graft is harvested from
parietal-occipital scalp to cover the exposed flap (Figure 1).

Chen et al (14) have developed a modification to Nagata’s second
stage. They create continuous skin coverage for the ear by designing a
leaf-like flap composed of an ultradelicate, split-thickness scalp skin
graft in continuity with the full-thickness skin of the anterior surface
of reconstructed auricle.

Tissue expansion and autologous costal cartilage graft (Park method)
Park (15) described the expanded two-flap method for total auricular
reconstruction. Three stages are included in this method. The first
involves the insertion of a tissue expander in a pocket created under the
fascial layer in the mastoid area. Gradual inflation of expander by saline
infusion begins three weeks after the insertion and continues for five
months to reach a final volume of approximately 80 mL to 90 mL. Both
overlying fascial layer and skin are expanded.

In the second stage, contralateral rib cartilages are harvested to
fabricate the framework. The tissue expander is explanted and the
expanded fascial layer and skin flap are separated to provide a space for
placement of the framework. Skin is undermined anterior to the vesti-
gial cartilage to accommodate the tragal element of the framework. A
medium-size hole is created in the fascial flap to place the crus helicis.
The upper part of the base frame is placed between the skin and fascial
flaps and the lower portion is inserted in the earlobe envelope. The
anterior surface of the construct is covered by the skin flap. The fascial
flap drapes the posterior portion. A skin graft is harvested from the
groin or scalp to provide coverage for the exposed fascial flap.

The third stage consists of various skin incisions over the anterior
part of the framework to shape the tragus, crus helicis, conchal floor,
intertragic notch and a hollow mimicking the external auditory
meatus (Figure 2) (15).

IMPLANT RECONSTRUCTION
Medpor (Stryker, USA) is a synthetic biocompatible porous polyethyl-
ene implant. Reinisch (16) has pioneered its use as an alternative to
conventional autologous rib cartilage graft for ear reconstruction.
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Figure 2) Park technique. A Preoperative view. B Postoperative view
(Courtesy of Dr Chul Park, Korea University Anam Hospital, Seoul,
South Korea)

Through the past several decades, he has made several modifications
to both the implant and his surgical technique to decrease the compli-
cations of this method.

Reinisch and Lewin (16) use a temporoparietal fascial flap (TPF) to
wrap the implant. To cover the entire implant, the TPF should measure
at least 11 cm wide and 12 cm in vertical height from the mid-concha.
The initial Y-shaped incision of scalp has been replaced over time by a
zigzag and then a horizontal incision, which is associated with less vis-
ible scar. He now uses a lighted retractor to elevate the flap from the
auricular incisions to avoid a scalp scar. One drain is placed under the
implant and another drain is placed beneath the elevated scalp. The
lateral surface of the implant is covered by an anteriorly based skin flap
consisting of the skin of microtic ear and of the mastoid area. In most
cases, in addition to the skin flap, a full-thickness skin graft from the
postauricular surface of the normal side ear is needed to complete the
coverage of the entire lateral surface of the ear. To cover the postauricu-
lar surface of the reconstructed ear, a full-thickness skin graft is har-
vested from the lower abdomen, inner upper arm or supraclavicular
neck. Because the split-thickness skin graft from the scalp can cause
some postauricular contraction and small inclusion cysts, it is limited to
patients who require a second-stage surgery, when the contraction can
be corrected with the sulcus release and full-thickness skin graft. Silicon
mold and a hard ear cup are used during the postoperative course to
decrease swelling and protect the ear, respectively (Figure 3) (16).

PROSTHETIC RECONSTRUCTION

The ear prosthesis or epithesis is an alternative to plastic surgery.
There are several methods for retention of prosthesis. However, the
osseointegration described first by Branemark (17) during the 1950s
has become the most reliable and durable method for fixation of the
prosthesis. Using titanium implants to integrate facial or cranial pros-
theses into living bone has been proven to be safe and is associated
with predictable esthetic results (17).

Tiellstrom (18) described the osseointegrated implant procedure as
a two-stage technique. The first step involves the insertion of screw-
shaped titanium implants through an incision behind the external ear
meatus into the temporal bone. The osseointegration of implants is
expected to occur three to four months after the insertion. In the
second stage, the implants are uncovered and the abutments are
attached to the implants. Two to three weeks later, the prosthesis can
be fitted to the implant (Figure 4) (18).
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Figure 3) Reinisch technique. A Pre- and postoperative oblique view.
B Pre- and postoperative anteroposterior view (Courtesy of Dr John
Reinisch, Cedars-Sinai Medical Center, Beverly Hills, California,
USA)
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Figure 4) Wilkes technique. A Intraoperative view. B Postoperative
oblique view (Courtesy of Dr Gordon Wilkes, University of Alberta,
Edmonton, Alberta)

Granstrom et al (19) reported their experience of osseointegrated
implant in 100 pediatric patients. The implant failures were 5.8% of
170 inserted fixtures. Adverse skin reactions appeared in 9.1% of
patients over a 21-year follow-up period. Revision surgery was under-
taken in 22% of patients because of appositional growth of the temporal
bone.

In another study, Korus et al (20) assessed the long-term outcomes of
osseointegrated ear reconstruction procedures performed on 69 pediatric
and adult patients. In this series, trauma was identified as the most
common indication for osseointegrated ear reconstruction, followed by
congenital and oncological reasons. The results of that study showed
that patients were generally satisfied with the osseointegrated
implant.
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TABLE 1

Advantages and disadvantages of different techniques of microtia repair presented by the contributing authors

Microtia repair technique;

contributor Advantages

Disadvantages

Autologous costal cartilage 1. Excellent blood supply and minimal risk of resorption of 1. Long learning curve.

graft; Nagata grafted cartilage.
Detailed reconstruction of auricle.
Symmetrical projection of ear.

No chest wall deformity.

ok wDnN

and secondary cases.

Subfascial tissue expansion 1. Covering an erect, highly convoluted framework with thin,
expanded mastoid skin and fascia flaps in one stage. 2. Vascular embarrassment (usually venous congestion) in one
. The construction of a deeper concha floor, and a hollow

and expanded two-flap
method; Park

N

simulating the external auditory meatus.

> oW

fasciocutaneous layer.

(2]

surfaces of the two split flaps.

-

Implant reconstruction
(Medpor, Stryker, USA);
Reinisch

opposite ear

Outpatient procedure.
Shorter learning curve.

o ok~ wDdD

ear reconstruction.

-

Prosthetic reconstruction;

Any postoperative scar is limited to the mastoid region.
. Protection of embedded expander with a well-vascularized

. The ability to mimic the delicacy and projection of the normal

One-stage procedure without need for drains.
No need to wait for sufficient rib cartilage to grow.

. An outpatient surgery with minimal morbidity that can be

2. Surgeon must have great artistic talent (not every surgeon’s
option).

The possibility of ear reconstruction in anotia, low hairline

-

. Frequent outpatient visits for expander inflation.

of two flaps after final expansion and two-flap elevation.
3. More depression of mastoid bone due to the high internal
pressure of the inflated expander under the tight fascial layer.

. Framework is wrapped with the well-vascularized virgin

-

. Because Medpor is a foreign body framework, soft-tissue
necrosis requires second surgery because overlying soft
tissue will not heal.

2. Implant fracture rate of 1% without canal reconstruction and

5% in patients with previous or simultaneous atresia repair

Atresia repair can be performed before or be combined with

-

. Long-term commitment of both patient and prosthetic team

Wilkes performed on compromised patients and tissues. is required
2. Allows for tumour surveillance and salvage of autologous 2. Ongoing expense for maintenance visits and future prosthesis
failures. every 2 to 5 years
3. Excellent prosthetic esthetic results. 3. Prosthesis is not one’s own tissue

DISCUSSION

Ear reconstruction is one of the most challenging procedures encoun-
tered by plastic surgeons. Many different methods and techniques have
been devised. In an effort to provide a comprehensive review, we have
described the main reconstruction options. Additionally, we have asked
experts in the field, whose techniques are presented in the present
review, to discuss the pros and cons of their own techniques (Table 1),
and also to demonstrate their surgical outcomes with images.

The Nagata technique enables reconstruction of every detail of
the ear and also symmetrical projection of the auricle. With this
technique, it is possible to reconstruct the auricle in cases of anotia,
low hairline and also for secondary cases. In addition, Nagata’s
method of cartilage harvest has eliminated postoperative chest wall
deformity. Dr Nagata believes that with the maximal preservation of
blood supply in his technique, the risk of resorption of the grafted
cartilage is minimal.

Dr Nagata has noted a long learning curve as one disadvantage of
his technique. He also believes that the surgeon must have great artis-
tic talent; hence, his technique using autologous rib cartilage is not a
suitable option for every surgeon.

The expanded two-flap method for auricular reconstruction was
described by Dr Park. He believes that with this technique, an erect,
highly convoluted auricular framework, including the tragus, can be
covered with thin, expanded mastoid skin and fascia flaps in one stage.
The anterior surface of the framework is covered with a normal anterior
auricular skin-like thin skin, and a posterior surface covered with a thin
fascia flap. Furthermore, the deeper concha floor and a hollow simulat-
ing the external auditory meatus can be reconstructed. Another advan-
tage is that the coverage flap donor site of the mastoid region is easily
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closed by advancement of the remaining mastoid skin, and any pos-
toperative scar is confined to the mastoid region. No ensuing baldness in
the region is observed. When compared with the subcutaneous expander
insertion method, the well-vascularized fasciocutaneous layer protects
the embedded expander and minimizes the possibility of its exposure or
infection during expansion. Later, the fabricated framework is wrapped
with the well-vascularized virgin surfaces of the two split flaps.

One of the drawbacks of this technique is the requirement of fre-
quent outpatient visits. The patient should visit the outpatient depart-
ment once per week to have the embedded expander inflated. Patients
usually visit between 15 and 20 times for such serial expansions. The
thickness and degree of vascularity of the mastoid skin layer and fascial
layer vary in each patient. In some patients, simultaneous expansion of
the two layers causes vascular embarrassment (usually venous conges-
tion) in one of two flaps after final expansion and two-flap elevation.
A postoperative salvage procedure and the use of heparin is unavoid-
able in those cases. The subfascial expansion technique causes more
depression of the mastoid bone than the subcutaneous expansion
technique due to the high internal pressure of the inflated expander
under the tight fascia layer. Although the depression is not permanent,
in a severely depressed case, it may be difficult to place the fabricated
auricular framework in an optimal position during the second stage
operation. Furthermore, after recovery of the depressed region, the axis
and projection of the new auricle may be changed.

Auricular reconstruction using Medpor is an alternative option to
autologous rib cartilage. Dr Reinisch believes that by using Medpor,
the surgeon is able to mimic the delicacy and projection of the normal
opposite ear. With this technique, ear reconstruction can be completed
in one stage without the need for drains. Furthermore, it enables
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reconstruction before the child enters school because there is no need to
wait for sufficient rib cartilage to grow. This procedure can be performed
as an outpatient because there is minimal discomfort. Compared with
rib cartilage, the learning curve is shorter. Atresia repair can be per-
formed before or be combined with ear reconstruction.

Because Medpor is a foreign body, any exposure of the implant
resulting from overlying soft tissue necrosis requires second surgery
because the overlying soft tissue will not heal. The rate of implant fracture
in the first five years after ear reconstruction is 1% without canal recon-
struction, and 5% in patients with previous or simultaneous atresia repair.

Osseointegrated implant reconstruction is an outpatient surgery,
with minimal morbidity, that can be performed in compromised patients
and with compromised tissues. This technique allows for tumour surveil-
lance and for salvage of autologous failures. Excellent prosthetic esthetic
results can be achieved by osseoauricular implantation.

According to Korus et al (20), for osseointegrated prosthesis recon-
struction, a long-term commitment of both patient and prosthetic
team is required for optimal results. Hence, the reliability and compli-
ance of the patient and the availability of a multidisciplinary team of
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