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ABSTRACT

ARTICLE DETAILS

Goldenhar Syndrome, also known as oculo-auriculo-vertebral spectrum (OAVS), is a congenital
disorder characterized by craniofacial anomalies, including microtia, hemifacial macrosomia, and
vertebral defects. Among its most challenging manifestations is the malformation of the external
ear, which requires meticulous surgical intervention to restore both aesthetic and functional
integrity. This article explores contemporary otoplasty techniques tailored specifically for patients
with Goldenhar Syndrome, emphasizing a multidisciplinary approach that integrates autologous
rib cartilage grafting, porous polyethylene implants, and soft tissue reconstruction. We review
preoperative assessment protocols, intraoperative modifications, and postoperative care strategies
to optimize outcomes in this complex patient population. Additionally, we discuss the
psychosocial impact of ear reconstruction and the importance of individualized treatment planning
to address the unique anatomical variations presented in Goldenhar Syndrome.
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INTRODUCTION

Goldenhar Syndrome, a variant of the oculo-auriculo-
vertebral spectrum (OAVS), presents with a heterogeneous
array of craniofacial anomalies, among which microtia and
severe ear deformities are hallmark features. The anatomical
complexity of these auricular malformations necessitates a
sophisticated surgical approach to achieve both functional
and cosmetic restoration. Otoplasty in Goldenhar Syndrome
patients is particularly challenging due to the frequent
presence of hypoplastic soft tissue, asymmetrical craniofacial
development, and associated middle ear abnormalities.
Traditional techniques, such as the Brent and Nagata methods
of autologous costal cartilage grafting, must often be adapted

to accommodate the unique anatomical constraints of these
patients. 1,2

Furthermore, advancements in alloplastic materials, such as
porous polyethylene implants, have expanded the
reconstructive options, offering alternatives for cases where
autologous tissue is insufficient. This article delves into the
intricacies of otoplasty in Goldenhar Syndrome, highlighting
the importance of preoperative imaging, multidisciplinary
collaboration, and patient-specific surgical planning. By
examining the latest innovations in ear reconstruction, we aim
to provide a comprehensive framework for surgeons
managing this complex congenital disorder, ultimately
improving both aesthetic outcomes and quality of life for
affected individuals.1,2
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BACKGROUND

Goldenhar Syndrome, or oculo-auriculo-vertebral spectrum
(OAVYS), is a rare congenital disorder arising from aberrant
development of the first and second pharyngeal arches during
embryogenesis. First described by Maurice Goldenhar in
1952, this condition exhibits a wide phenotypic variability,
with hallmark features including craniofacial asymmetry,
epibulbar dermoids, vertebral anomalies, and, most notably,
microtia or anotia. The auricular malformations associated
with this syndrome present a significant reconstructive
challenge due to the frequent absence of well-developed
cartilage framework, skin deficiency, and associated soft
tissue hypoplasia. Historically, the surgical correction of
these deformities has evolved from rudimentary attempts at
ear reconstruction to sophisticated autologous and alloplastic
techniques that prioritize both anatomical fidelity and
psychosocial well-being.3

The earliest approaches to microtia repair in Goldenhar
Syndrome were limited by a lack of standardized techniques
and high complication rates. Initial efforts focused on
prosthetic attachment or rudimentary cartilage sculpting,
often yielding suboptimal aesthetic and functional results.
However, the pioneering work of surgeons such as Tanzer,
Brent, and Nagata in the late 20th century revolutionized the
field by introducing structured autologous costal cartilage
grafting, which remains the gold standard for many cases.
Despite these advancements, Goldenhar Syndrome patients
present unique challenges, including severe facial
asymmetry, mandibular hypoplasia, and a higher incidence of
bilateral involvement, necessitating modifications to
conventional otoplasty protocols.4,5

Recent decades have seen the integration of porous
polyethylene (Medpor) implants as an alternative to
autologous reconstruction, particularly in cases where rib
cartilage availability is limited or patient comorbidities
preclude extensive harvesting. Additionally, advances in
tissue expansion, local flap design, and three-dimensional
imaging have further refined preoperative planning, allowing
for more precise replication of the contralateral ear’s anatomy
in unilateral cases. The role of multidisciplinary care—
incorporating  craniofacial ~ surgery,  otolaryngology,
audiology, and psychology—has also gained recognition, as
successful outcomes depend not only on surgical technique
but also on addressing hearing deficits, psychosocial distress,
and long-term growth-related changes.5,6

Despite these innovations, controversies persist regarding
optimal timing, graft selection, and the management of
complications such as extrusion, infection, and scar
contracture. Furthermore, the long-term durability of
reconstructed ears in growing pediatric patients remains an
area of ongoing research. This article seeks to synthesize
current evidence on otoplasty techniques tailored specifically
for Goldenhar Syndrome, examining historical precedents,

evolving methodologies, and future directions in this
complex and evolving field of reconstructive surgery.?7

Novel Techniques

The surgical management of auricular malformations in
Goldenhar Syndrome has undergone significant evolution in
recent years, driven by innovations in biomaterials,
microsurgical techniques, and three-dimensional modeling.
Traditional autologous costal cartilage grafting, while
remaining a cornerstone of microtia repair, has been
augmented by cutting-edge approaches that address the
unique anatomical challenges posed by this patient
population. Among the most transformative developments is
the refinement of porous polyethylene (Medpor) implant-
based reconstruction, which offers distinct advantages in
cases where rib cartilage availability is compromised due to
patient age, thoracic deformities, or prior harvest. Unlike
autologous methods requiring meticulous cartilage carving,
prefabricated Medpor frameworks reduce operative time and
eliminate donor-site morbidity, though they necessitate
meticulous soft tissue coverage to mitigate extrusion risks.
Recent modifications in implant coating with autologous
fascia or pericranial flaps have demonstrated improved
biocompatibility and reduced complication rates in
Goldenhar patients with thin, poorly vascularized skin.8
Further revolutionizing the field is the integration of
computer-assisted design (CAD) and three-dimensional
printing technologies, enabling patient-specific ear
reconstruction with unprecedented precision. High-resolution
CT or MRI-derived models allow surgeons to mirror the
contralateral ear’s topography in unilateral cases or create
anatomically optimized templates in bilateral microtia. These
virtual planning tools facilitate the intraoperative use of
cutting guides for both autologous and alloplastic
frameworks, minimizing asymmetry—a critical
consideration in Goldenhar Syndrome given the high
prevalence of hemifacial macrosomia. Additionally,
advances in regenerative medicine have introduced
experimental techniques such as chondrocyte-seeded
scaffolds and decellularized cartilage matrices, which hold
promise for eliminating donor-site morbidity altogether.
Though still in preclinical stages, these tissue-engineering
strategies aim to cultivate patient-specific neocartilage that
can integrate seamlessly into the hypoplastic auricular
region.8,9

Microsurgical innovations have also expanded the
reconstructive arsenal, particularly in addressing the soft
tissue deficits characteristic of Goldenhar Syndrome. The use
of perforator flaps, such as the superficial temporal artery-
based flaps, has enabled more reliable coverage of implants
or cartilage constructs while preserving hair-bearing scalp
regions. Combined with intraoperative indocyanine green
angiography, these techniques enhance flap viability in
patients with compromised vascular anatomy. Furthermore,
staged tissue expansion protocols—traditionally limited by
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high complication rates in pediatric populations—have been
refined through low-profile, osmotic expanders that minimize
extrusion and infection risks, gradually creating sufficient
skin envelopes for complex reconstructions.9,10

The advent of minimally invasive endoscopic techniques
represents another paradigm shift, particularly in secondary
revisions or adjunctive procedures. Endoscopically assisted
cartilage harvest, for instance, reduces thoracic morbidity,
while transcutaneous fixation devices allow for subtle
postoperative  ear  positioning  adjustments  without
reoperation. In cases where hearing restoration is
concurrently pursued, the synergy between otologic surgery
and auricular reconstruction has been strengthened by hybrid
approaches employing bone-anchored hearing aids (BAHAS)
integrated with autologous or alloplastic frameworks,
addressing both form and function in a single staged
procedure.10

Despite these advancements, the optimal technique must be
tailored to the individual’s anatomical constraints, growth
potential, and psychosocial needs. The future of otoplasty in
Goldenhar Syndrome lies in further personalization through
biologic and synthetic hybrid constructs, augmented reality
for intraoperative navigation, and long-term outcome studies
comparing emerging methodologies. As the field progresses,
the emphasis must remain on achieving not only anatomical
precision but also durable, patient-centered outcomes that
address the multifaceted challenges of this complex
congenital disorder.11

Indications and Contraindications

The decision to pursue otoplasty in patients with Goldenhar
Syndrome requires meticulous consideration of anatomical,
functional, and psychosocial factors, given the spectrum of
auricular malformations and associated craniofacial
anomalies inherent to this condition. Surgical intervention is
primarily indicated in cases of microtia or anotia where the
absence or severe hypoplasia of the auricular framework
significantly impacts both auditory function and aesthetic
harmony. Patients with unilateral involvement often present
with marked facial asymmetry, necessitating reconstruction
to restore craniofacial balance, while those with bilateral
microtia may experience profound conductive hearing loss,
mandating early intervention to optimize speech and
language development. The presence of external auditory
canal atresia further underscores the need for a
multidisciplinary approach, wherein otoplasty may be
integrated with bone-anchored hearing devices or
atresiaplasty to address both form and function. Psychosocial
indications are equally critical, as children with visible
auricular deformities frequently encounter stigmatization,
leading to impaired self-esteem and social integration; thus,
timely surgical correction prior to school age is often
advocated to mitigate these psychological sequelae.11
Contraindications to otoplasty in Goldenhar Syndrome must
be rigorously evaluated to avoid suboptimal outcomes or

unnecessary surgical risk. Absolute contraindications include
severe cardiopulmonary comorbidities that preclude safe
general anesthesia, particularly in syndromic patients with
concurrent vertebral and cardiac anomalies, such as tetralogy
of Fallot or ventricular septal defects, which are prevalent in
this population. Active local or systemic infections, including
chronic otitis externa or unresolved soft tissue infections at
the surgical site, also prohibit elective reconstruction due to
the heightened risk of implant failure or graft resorption.
Relative contraindications encompass scenarios where
surgical intervention may be deferred or modified, such as in
cases of inadequate soft tissue coverage or compromised
vascular supply, which may necessitate preliminary tissue
expansion or vascularized flap procedures prior to definitive
reconstruction. Patients with severe hemifacial macrosomia
and associated temporoparietal fascia hypoplasia may not be
ideal candidates for porous polyethylene implants due to the
elevated risk of extrusion, favoring autologous alternatives
instead. Additionally, the presence of syndromic features
such as profound craniofacial underdevelopment or
tracheostomy dependence may warrant a delayed surgical
timeline to prioritize life-sustaining interventions.10,11,12
Age-related considerations further refine the indications and
contraindications for otoplasty in this population. While
autologous rib cartilage reconstruction is typically deferred
until the age of 6-10 years to allow for sufficient costal
cartilage development, alloplastic techniques may be
employed earlier in select cases, provided the patient’s
growth trajectory and psychosocial needs are carefully
weighed. Conversely, delayed intervention may be prudent in
patients with incomplete craniofacial growth or those
requiring prior orthognathic or mandibular distraction
procedures to ensure optimal symmetry of the reconstructed
auricle. The decision-making process must also account for
patient and family expectations, as unrealistic aesthetic
demands or poor adherence to postoperative care protocols
may compromise outcomes. Ultimately, the management of
Goldenhar Syndrome-associated microtia demands a tailored,
evidence-based approach that balances surgical feasibility
with the overarching goals of functional restoration and
psychosocial well-being.13

Clinical Outcomes

The evaluation of clinical outcomes following otoplasty in
Goldenhar Syndrome requires a comprehensive analysis of
both objective surgical metrics and patient-reported
measures, given the complex interplay of anatomical,
functional, and psychosocial factors inherent to this
population. Long-term studies demonstrate that autologous
costal cartilage reconstruction, while considered the gold
standard for microtia repair, presents unique challenges in
these patients due to frequent concomitant rib anomalies and
thoracic deformities. Despite these constraints, the Brent and
Nagata techniques have shown satisfactory aesthetic
outcomes in approximately 70-85% of cases when performed
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by experienced surgeons, with framework survival rates
exceeding 90% at 5-year follow-up. However, secondary
revisions are often necessitated by cartilage resorption,
framework distortion due to scar contracture, or inadequate
definition of anatomical landmarks such as the helical rim and
antihelix. The integration of adjunctive procedures—
including local tissue rearrangement and dermal fat
grafting—has improved contour refinement in these complex
cases, particularly for patients with severe soft tissue
hypoplasia characteristic of Goldenhar Syndrome.13,14

The adoption of porous polyethylene (Medpor) implants has
introduced a paradigm shift in selected cases, offering
reduced operative time and eliminating donor-site morbidity
while achieving comparable aesthetic outcomes in
experienced hands. Clinical series report favorable ear
projection and symmetry in 75-80% of patients, with implant
exposure rates declining to 5-8% with the routine use of
vascularized temporoparietal fascia flaps. However, these
alloplastic reconstructions demonstrate higher susceptibility
to trauma-related complications and infection, particularly in
pediatric populations, necessitating stringent patient selection
and lifelong vigilance. Audiological outcomes remain a
critical metric, with studies indicating that combined
auricular reconstruction and bone-anchored hearing aid
(BAHA) implantation yield significant improvements in
sound localization and speech discrimination scores,
particularly in bilateral microtia cases where binaural hearing
restoration is paramount.13,14

Psychosocial assessments reveal compelling evidence that
successful otoplasty profoundly impacts quality of life
metrics, with validated instruments such as the EAR-Q
demonstrating significant improvements in appearance-
related distress and social functioning domains. Notably,
patients undergoing reconstruction before school age exhibit
better adaptive outcomes, with reduced incidence of peer
victimization and improved self-concept compared to those
receiving delayed intervention. Nevertheless, the unique
craniofacial features of Goldenhar Syndrome—including
residual facial asymmetry and ocular anomalies—may
temper absolute satisfaction scores, underscoring the
importance of preoperative counseling and realistic
expectation management. Emerging data from centers
employing three-dimensional planning and patient-specific
implants suggest incremental improvements in symmetry
outcomes and operative efficiency, though long-term follow-
up remains limited. The evolving landscape of otoplasty
techniques continues to refine the risk-benefit calculus, with
future outcomes research increasingly focusing on patient-
centered metrics that capture the nuanced interplay between
surgical success and holistic quality of life in this challenging
population.14,15

CONCLUSION

The surgical management of auricular malformations in
Goldenhar Syndrome represents one of the most complex
challenges in craniofacial reconstruction, demanding a
sophisticated integration of anatomical restoration, functional
rehabilitation, and psychosocial consideration. As this review
elucidates, contemporary otoplasty techniques have evolved
beyond mere technical exercises in cartilage sculpting to
encompass a multidimensional approach that addresses the
unique phenotypic variations inherent to this patient
population. The dichotomy between autologous and
alloplastic reconstruction methods persists, with rib cartilage
grafting maintaining its position as the gold standard for
framework fabrication in most cases, while porous
polyethylene implants have carved a niche in carefully
selected patients with favorable soft tissue characteristics.
What emerges from critical analysis of outcomes is not the
superiority of any single technique, but rather the imperative
of surgical adaptability—the ability to modify conventional
approaches to accommodate the frequent coexistence of
hemifacial macrosomia, soft tissue deficiency, and abnormal
vascular patterns that define this syndrome.

Technological integration has irrevocably transformed
preoperative planning and intraoperative execution, with
three-dimensional virtual modeling and patient-specific
implants offering unprecedented precision in recreating
auricular topography. Yet these advancements have not
diminished the fundamental importance of surgical artistry
and meticulous attention to microsurgical principles,
particularly when addressing the compromised tissue quality
frequently encountered in these patients. The growing body
of evidence supporting early intervention underscores the
dual benefit of optimized psychosocial development and
improved anatomical outcomes when reconstruction
coincides with critical periods of self-concept formation.
However, this must be balanced against the technical
constraints imposed by ongoing craniofacial growth and the
occasional necessity for staged procedures to address
evolving asymmetries.

Future directions in Goldenhar otoplasty will likely be shaped
by advances in regenerative medicine, with tissue-engineered
constructs promising to overcome current limitations in
cartilage availability and donor-site morbidity. The
integration of bioactive implants and growth factor-
impregnated scaffolds may further enhance framework
integration and long-term stability. What remains immutable
is the necessity for a multidisciplinary care paradigm that
synchronizes surgical intervention with audiological
rehabilitation, psychological support, and long-term follow-
up to address the dynamic needs of these patients throughout
their developmental trajectory. As the field progresses,
success must be measured not merely by the technical
achievement of an anatomically plausible auricle, but by the
restoration of functional hearing, facial symmetry, and—
most profoundly—the patient's sense of wholeness and social
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integration. The management of Goldenhar-associated
microtia ultimately epitomizes the highest ideals of
reconstructive surgery: the marriage of scientific innovation
with humanistic care to transform congenital difference into
lived normality.
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