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Abstract Background Microtia is an uncommon congenital malformation ranging from mild
anatomic structural abnormalities to partial or complete absence of the ear leading to
hearing impairment. Congenital microtia may present as a single malformation
(isolated microtia) or sometimes associated with other congenital anomalies involving
various organs. Microtia has been classified in three degrees according to the
complexity of the auricular malformation and to anotia referred to the total absence
of the ear. Genetic role in causing auricular malformation has been widely demonstrat-
ed, and genotype–phenotype correlation has been reported in cases of syndromic
microtia.
Case Presentation We report here a young patient with a third degree of scale
classification and aural atresia. The patient showed unspecific facial dysmorphism,
speech delay, precocious teething, hair white patch, and stereotypic anomalous
movements. Genetic analysis displayed a de novo 16p13.11 deletion.
Conclusion Microtia with aural atresia is an uncommon and severe birth defect,
which affects functional and esthetic aspects, often associated with other malforma-
tions. As traumatic this disorder may be for the parents, the microtia and aural atresia
are treatable, thanks to the improving and evolving surgical techniques. Based on the
genetic analysis and the clinical features observed in the present case, a genotype–
phenotype correlation has been proposed.

� These authors should be considered the joint first author.

DOI https://doi.org/
10.1055/s-0043-1777362.
ISSN 2699-9404.

© 2023. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution License, permitting unrestricted use,

distribution, and reproduction so long as the original work is properly cited.

(https://creativecommons.org/licenses/by/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14, 70469 Stuttgart,
Germany

Case Report
THIEME

370

Article published online: 2023-12-04

mailto:ppavone@unict.it
https://doi.org/10.1055/s-0043-1777362
https://doi.org/10.1055/s-0043-1777362


Introduction

Microtia including anotia is an uncommon but often severe
congenital auricular malformation. It is a birth defect with a
wide clinical expressivity ranging frommild anatomic struc-
tural abnormalities to partial or complete absence of the ear
and hearing impairments.1 Since there is often a correlation
between the degree of auricular deformity and the middle
ear involvement, the caseswith severemicrotia are frequent-
ly associatedwith aural atresia, a condition inwhich both the
middle ear and external auditory canal fail to form.2 The
prevalence of microtia estimated between 0.84 and 17.4 per
10,000 birth is also significantly influenced by the geograph-
ic variability.3–5 Harris et al reported on a prevalence of
0.23 for anotia and of 1.55 for microtia per 10,000 births,
respectively.6

The auricular malformation most commonly occurs in
males and in a large series of 156 patients, male prevalence
was found in 56% of cases and females in 44%.1 The anomaly
is often unilateral with the right side more frequently
affected.1,5 Microtia may be acquired or congenital, the last
one presenting as a single malformation (isolated microtia),
often associated with wide and different types of others
congenital anomalies, or to be a sign of several rare syn-
dromes (syndromic microtia). Microtia has been associated
with malformations involving various organs including fa-
cial, cardiac, renal, ocular (micro- and anophthalmia), cere-
bral (holoprosencephaly), and skeletal.1,7,8 Examples of
syndromic microtia are represented by the syndromes of
Goldenhar, Treacher Collins, Nager, Crouzon, Pierre Robin
among the others, and in the group of spectrum disorders,
the oculoauricolovertebral, branchio-oto-renal, and
others.5,9,10 Although relevant progresses have been
reached, particularly in the genetics of microtia and associ-
ated syndromes, specific etiopathogenetic mechanisms
remains to be established. The anomaly is thought to be
multifactorial with a relevant causal role linked to variable
combination of environmental, genetic, and epigenetic fac-
tors. Mendelian inheritance pattern has been reported more
frequently in syndromic and familial cases of microtia,
whereas polygenic factors has been shown to prevail in
sporadic cases. Genetic role in the etiopathogenesis of the
auricular malformation has been widely demonstrated by
the concordance of the clinical features observed in mono-
zygotic twins and by the occurrence of autosomal recessive
or dominant inheritance observed in some of the families
affected.5,10 One set of identical twins demonstrated severe
microtia in one twin yet only a minimal anomaly in the
other.1 Some genotype–phenotype correlations have been
shown in several cases of syndromic microtia as follows:
the genes SIX5 and EYA1 have been detected in the branchio-
oto-renal syndrome; the genes TCOF1, POL1RC, and POL1RD
in Treacher Collins’ syndrome; HMX1 and OTX2 in the ocu-
loauriculovertebral spectrum; SF3B4 in Nager’s syndrome;
SALL1 in Townes–Brock’s syndrome, and HOXA2 in microtia,
hearing impairment, and cleft palate.5,11–15 The screening of
the BMP5 locus have shown a missense mutation in four
cases13 and five genomic variants in GSC, HOXA2, PRKRA

genes have been reported in a group of 106 patients with
congenital microtia.16 In a five-generation kindred study in
patients affected by microtia, Quiat et al17 identified a
missense variant in FOX13 (p.Arg236Trp) gene as causal
factor of the anomaly. Moreover, deletions in 6q13–q15, in
12p13.33 involving the WNT5B gene, in 22q11.2 involving
TBX1 gene, 20q13.33 have been also associated with syn-
dromes including congenital ear malformation.10,18,19 Velt-
man et al have also indicated the 18q22.3–18q23 as a
candidate chromosomal region for the congenital aural
atresia.20 The 16p13.11 microdeletion syndrome (ORPHA:
261236) is characterized by developmental delay, micro-
cephaly, epilepsy, short stature, facial dysmorphism, and
behavioral problems.21 Genetic findings disclosed that
some genes mapped in the 16p13.11 locus could be involved
in a wide spectrum of multiple congenital anomalies such as
facial dysmorphisms and microtia.15,21–24

Here, we reported on a clinical case affected by a de novo
16p13.11 microdeletion and microtia attempting to provide
some insights to further define the role of deleted genes on
ear malformation.

Case Presentation

Clinical History
A 19-month-old boy is the first born of unrelated Italian
parents. Family history is irrelevant and both parents are
healthywith a good level of instruction, and no record of past
or present relevant clinical disturbances. The mother have
had formerly a miscarriage very early in the pregnancy. At
the time of conception, the father was 29 years old and the
mother 27 years old. At 6 months of gestation, the mother
complained of febrile infection lasted 3 days and treatedwith
antibiotic. No anomalies were reported at the intrauterine
ultrasound. The child was born at 37 weeks of gestation by
urgent cesarean section due to sudden placental abruption.
The birth weight was 3.420 kg, height 48 cm, and occipito-
frontal circumference (OFC) 35 cm (all within normal range).
Apgar score was 9 at 1minute and 10 at 5minutes, SaO2 98%
and normal hearth rate. The right ear malformation was
immediately noted. At the second day of life, the newborn
showed poor reactivity with poor suction and bradycardia
heart rate 80 to 100 beats/min. At this age, electrocardiogram
(ECG) and echocardiogram displayed cardiac normal struc-
ture and function. At the fourth day of life, the neonatal
icterus with value of total bilirubin of 20.8mg/dL was found
and treated with phototherapy. He was discharged in good
condition with a diagnosis of right ear malformation and
neonatal icterus. During the following months, the child
showed a normal ponderal and statural growth, marked
speech delay, and precocious teething. Several examinations
were performed: otorhinolaryngological and ophthalmolog-
ical examinations were normal, as well as ECG and echocar-
diogram. Brain magnetic resonance imaging (MRI)
performed at the age of 7 months showed no alterations as
regards cerebral and cerebellar parenchyma. Facial skull MR
showed external auditory canal atresia, whereas the struc-
tures of the inner ear (cochlea and semicircular canals) and
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status of acoustic nerve were normal. No radiographic lesion
in the rightmandibular was noted. At the recent observation,
at 19 months old, the child shows to be alert and in good
condition, his weight is 13.3 kg (75 percentile, pc), height is
83 cm (50 pc), and OFC 49 cm (75 pc). At physical examina-
tion, he shows unspecific facial dysmorphism with epican-
thus, poor eyelids, short nose, and rounded nasal tip. His
hairs are blondwith white patch (albinism type). The left ear
is normal. The right auricle appears abortive, malformed,
small, without any recognizable anatomic component. It
appears as a linear, fleshy, and cartilaginous remnants sized
3 cm�1 cm. The anomaly appears to be distinct in three
sectors by two deep introflexions, and it designs the embry-
ological origin from branchial arch: the helix, helical root,
and tragus. Moreover, from the inferior part of the mal-
formed auricle, at palpation, a subcutaneous thin, linear
subcutaneous thickening of fibrotic consistence �5 cm long
with a small furrow in the middle of its course and following
the mandibular line is detected (►Fig. 1). Moreover, our
proband showed the third degree of themicrotia showed the
most severe degree of the microtia (third degree) based on
the Hunter’s classification.24 Heart, thorax, abdomen, and
internal organs are normal. No kidneys’ anomalies are found
with abdominal ultrasound. At the neurologic examination,
the cranial nerves are intact including facial nerve, muscle
tonus and deep patellar reflexes are normally present, and
had normal gait. He showsmarked speech delay, hyperactiv-
ity, and stereotypies consisting in repetitive crossing and
uncrossing upper legs movements. He is a well affective and
socialized boy. Present laboratory testing provides normal
results, including plasma and urinary amino acids, organic

acids, thyroid and celiac markers, and total cholesterol.
Fundus oculi, abdominal and scrotal ultrasound, and left
otoacoustic emissions are normal.

Materials and Methods

Molecular Genetic Findings
Genomic DNA was isolated from the peripheral blood of the
proband and parents to analyze structural anomalies using
Human Genome CGH Microarray kit 8�60K performed
according to the manufacturer’s recommendations (Agilent
Technologies, Santa Clara, California, United States). Data
analysis was done using Cytogenomics v.4.0.3 software
(genomic assembly UCSC hg 19) with quality score (deriva-
tive log ratio spread) of <0.25. The following analysis param-
eters were applied: five consecutive probes, automated
decision-making-2 algorithm, algorithm threshold 6.0, and
resolution of 100 to 200 Kb. The array comparative genome
hybridization revealed in the proband the following rearran-
gement: arr[hg19]16p13.11(15.048.751–16.249.607)x1. The
rearrangement consists of a 1.2Mb deletion of short arm of
chromosome 16, including�20 genes: PDXDC1,NTAN1, RRN3,
NPIPAS, MPV17L, C16orf45, KIAA0430, NDE1 (#MIM 609449),
MYH11 (#MIM 160745), FOPNL, ABCC6 (#MIM 603234), and
ABCC1. The rearranged region has not been reported in the
database of the copy number variants (CNVs).

Discussion

Microtia is a congenital condition characterized by the
underdevelopment or absence of the external ear, typically
resulting in a smaller or abnormally shaped ear.12,13 It can
occur unilaterally (affecting one ear) or bilaterally (affecting
both ears), and its severity can vary widely.3 The outer ear
begins its development during the fifth week of gestation,
which is driven by the mesenchyme of the first and second
pharyngeal arches on the ventral surface of the embryo.13

Veugen et al25 maintained that during the gestation, almost
the entire auricle is derived from the second pharyngeal arch
with the exception of the tragus and the anterior external
auditory meatus. The process of ear formation started at the
5thweekof gestation is completed at 12thweek.Migration of
the outer ear to its normal placement occurs around the 20th
week.18 From the second branchial arch also, stapedial artery
arises.2 The mechanism of the auricular malformation is not
well known. Vascular disruption has been suggested as
possible causal factor through several ways: occlusion of
the artery, vasoconstriction, and underdevelopment of the
arterial system. These dysfunctions may cause failure of
blood supply causing localized ischemia and tissue necrosis
with consequent block of the normal ear development.11–13

Depending on other organ abnormalities, microtia can be
classified into nonsyndromic and syndromic types, among
which the nonsyndromic types are the most frequent.26 The
syndromic microtia is associated with several pathogenic
genes,5,11–16,18–20 while nonsyndromic microtia is believed
to result from a combination of genetic and environmental
factors. According to recent findings, however, some genes

Fig. 1 The auricular malformation with third degree of scale of
Hunter’s classification and white patch.
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are suspected to be involved in the disease process.26–28

Microtia often leads to hearing impairment or complete
deafness in the affected ear due to the structural abnormali-
ties of the ear canal andmiddle ear. Surgical procedures, such
as ear reconstruction or the use of hearing aids, are com-
monly employed to address the functional and cosmetic
aspects of microtia.26 With regard to the treatment of this
disorder is a challenge for specialists in this field and there is
need to create a collaborative andmultidisciplinary net by all
of them. As suggested by Truong et al,29 the list of consultants
should include otorhinolaryngology, pediatric audiology,
genetics, craniofacial clinic, plastic surgery, oral-maxillofa-
cial surgery, microtia specialist, and speech pathology.29 For
ear malformations as those presented by the proband affect-
ed bymicrotia-associated aural atresia, auricular reconstruc-
tion for the microtia must precede the aural atresia surgery.1

Surgical and nonsurgical options for hearing management
and auricular reconstruction, and the treatment timeline for
each option need to be carefully considered.30 The age 3 to
5 years are earliest age suggested for alloplastic porous
polyethylene reconstruction. Any ear canal surgery should
be done before or currently with alloplastic reconstruction.
The age of 5 years is considered the earliest age for an
osseointegrated anchor for prosthetic use. Prosthetics may
bewornwith adhesive prior to the age of 5 years. The age of 5
to 9 years is reported the earliest age for autologous cartilage
reconstruction. Any ear canal surgery is ideally done after
microtia reconstruction.29,30

The 16p13.11 microdeletion has been reportedwith wide
clinical expressivity ranging from apparently normal indi-
viduals to syndromic cases with severe neurological impair-
ments as congenital severe microcephaly and congenital
heart defects.21–23 Clinical presentation may express with
facial dysmorphism, developmental speech and language
delay, cognitive impairment, schizophrenia, autism spec-
trum disorder, psychiatric and behavioral problems, and
diverse spectrum of sporadic epilepsy syndromes. One of
the first reports was described by Ullmann et al, who
detected the 1.5Mb deletion in 16p13.1 in three unrelated
patients with ID and other abnormalities.31 Two years later,
Hannes et al.32 in a screening study of 1027 patients with
intellectual disability (ID) and/or multiple congenital anom-
alies identified five subjects with 1.65Mb deletion in 16p12.
A genome-wide approach was used by Heinzen et al33 to
evaluate the role of 16p13.11. The study was conducted in
3,812 patients with a diverse spectrum of epilepsy syn-
dromes. Large deletions (> 100 Kb) at 16p13.11 were ob-
served in 23 patients, whereas in the control group, no
deletions more than 16 Kb were found. Recently, Granata
et al27 reported on three distinct families in which two
individuals were affected by inherited deletion in
16p13.11 and16p13.11p12.3, respectively, and another third
had a de novo 16p13.11 microdeletion. All four patients
showed variable degrees of ID; two of them were also
affected by language delay and dysmorphism, while in a
single case was observed cryptorchidism and in another one
stereotypes. To note, the stereotypes were found also in our
proband.

In the present study, the prominent clinical feature
shown by the proband is a severe unilateral microtia
with aural atresia, and a linear subcutaneous thickening
of fibrotic consistence following partially the course of the
mandible, which is not involved. Other clinical manifes-
tations consist of hair white patch in the parietotemporal
region, unspecific facial dysmorphism, precocious teeth-
ing, marked speech delay with a good social approach,
hyperactivity, and abnormal stereotypic movements.
According to the cytogenetic-molecular analysis, the
detected CNV has been associated with the intellectual
delay, multiple congenital anomalies, and epilepsy.32 Sec-
ond, the role of most deleted genes (PDXDC1, NTAN1, RRN3,
NPIPA1, MPV17L, NDE1, MYH11, ABCC6, and ABCC1) has
been described in a previous finding examining the geno-
type–phenotype correlation of this susceptible locus.28

Single or in combination genetic causes have been a
relevant role in the onset of this anomaly. The 16p13.11
locus, deleted in our patient, is a genomic hotspot partic-
ularly rich in low-copy repeats (LCRs), highly homologous
DNA sequences that increase the likelihood of copy num-
ber mutation through nonallelic homologous recombina-
tion.27 The 16p13.11 region has been subdivided into
three single-copy sequence intervals called interval I, II,
and III, each flanked by LCRs. Typical 16p13.11 micro-
deletions have wide variable size (from 0.8 to 3.3Mb) and
encompass one or more of the three intervals.27 In the
general population, the prevalence of the 16p13.11 micro-
deletion has been estimated to be around 0.04%. Among
the genes mapped in the 16p13.11 locus, NDE1, NTAN1,
and MYH11 are the main genes responsible of the microtia
phenotype.27 NDE1 gene is expressed in the brain and its
protein is known to act in microtubule organization,
mitosis, and neural migration: its dysfunction seems to
cause neurodevelopmental anomalies and microcephaly.
NTAN1 is involved in protein degradation and has been
associated with behavioral disorders. Ultimately, MYH11
coding for the major contractile protein in smooth muscle
cells causes genetic disorders of the musculature.27

Ultimately, the wide clinical expression of the 16p13.11
microdeletion that comprises unaffected and affected mu-
tation carriers, of which the latter may feature neurological
deficits and congenital anomalies ranging from being mild
to very severe is still matter to debate. It may be due to
several reasons such as incomplete penetrance, variable
expressivity, unmasking of a recessive variant, different
size of the microdeletion, genes affected and additional
genetic variants outside the deletion, or a combination of
these factors.27

Conclusion

Auricular malformations are a field of great clinical interest
as it involves patients, families, and specialists. Fortunately,
great progresses havemade in the diagnosis and treatment of
this condition. We have reported a new possible association
of the 16p13 microdeletion with a patient presenting a
severe microtia and aural atresia.
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