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CASE REPORTS

BILATERAL CONGENITAL SEMICIRCULAR CANAL MALFORMATION
AND HEARING LOSS - CASE REPORT

MALFORMAGAO CONGENITA BILATERAL DOS CANAIS SEMICIRCULARES E PERDA AUDITIVA — DESCRIGAO
DE CASOS

Joana Raquel Costa', Miguel Coutinho', Teresa Soares', Cecilia Almeida e Sousa'

ABSTRACT

The main aims of this observational study were to describe a poorly characterized malformation of the inner ear termed bilateral congenital
semicircular canal malformation; determine if the degree and pattern of semicircular canal dysmorphology and the presence or absence of a
well-formed cochlea predict audiological outcomes, type, and severity of congenital hearing loss; and investigate its relationship with known
syndromic forms of hearing loss. Review of eight cases of hearing loss with radiographic evidence of congenital semicircular canal malformation
was performed. Information was collected on clinical history, physical examination, computed tomography study and serial audiograms for
all patients. Analyzed features included other syndrome-characteristic phenotypic dysmorphologies, audiometric configuration, severity and
type of hearing loss, type of audiological rehabilitation, and presence of associated inner ear abnormalities besides those in the vestibular
system.

Among the eight cases included in the study, six patients had recognized syndromes/chromosomal abnormalities. Hearing loss was moderate
to profound in all cases. All patients had bilateral semicircular canal deformities, with usually identical anatomical pattern on each side. Of
the eight cases, six had normal cochlear development; malformations in the tympanic membrane and external auditory canal were only
found in one; changes in ossicular chain were found in three patients; vestibules and vestibular aqueduct were normal in most cases; and
abnormalities of oval window development and hypoplasia were found in two cases.

The present study shows that a correlation between the severity and type of hearing loss and radiographic abnormalities is difficult to
establish. Hearing loss associated with semicircular canal dysplasia is more likely due to anomalous membranous labyrinth development,
which is not radiologically detectable by computerized tomography scan.
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RESUMO

Os principais objetivos deste estudo observacional foram descrever uma malformagdo pouco reconhecida do ouvido interno designada
malformagdo congénita bilateral dos canais semicirculares; determinar se o grau e padrdo de dismorfia dos canais semicirculares e a presenca
ou auséncia de uma cdclea bem formada sdo preditivos do resultado audioldgico, tipo e gravidade da perda auditiva congénita; e investigar
se esta malformacgdo surge isoladamente ou em associagdo a formas sindrdmicas ja descritas. Foi realizada uma revisdo de oito casos de
perda auditiva com evidéncia radiolégica de malformagdo congénita dos canais semicirculares. Foi recolhida informagéo sobre histdria clinica,
exame fisico, estudo imagioldgico por tomografia computorizada e audiogramas seriados para todos os doentes. As caracteristicas analisadas
incluiram presenca de outras dismorfias sugestivas de sindromes malformativas; avaliagdo da configuragao, gravidade e tipo de perda auditiva
nos exames audiométricos; tipo de reabilitagdo audioldgica; e presenga de outras anomalias do ouvido interno para além das alterages no
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sistema vestibular.

Entre os oito casos incluidos no estudo, seis apresentavam um sindrome ou anomalia cromossémica conhecida. A perda auditiva foi
moderada a profunda em todos os casos. Todos os pacientes apresentavam deformidades dos canais semicirculares bilateralmente, com
padrdo anatomico geralmente idéntico em cada lado. Dos oito casos, seis apresentavam um desenvolvimento coclear normal; malformagoes
na membrana timpanica e no canal auditivo externo foram encontradas apenas em um caso; alteragdes na cadeia ossicular foram descritas
em trés pacientes; o vestibulo e aqueduto vestibular eram normais na maioria dos casos; anomalias no desenvolvimento da janela oval
estavam presentes em dois casos.

O presente estudo mostra que é dificil estabelecer uma correlagdo entre a gravidade e o tipo de perda auditiva e as alteragdes radiogréficas.
A perda auditiva associada a displasia do canal semicircular é mais provavel devido ao desenvolvimento anémalo do labirinto membranoso,

que ndo é detetdvel radiologicamente pela tomografia computadorizada.

Palavras-chave: anomalias congénitas; canais semicirculares; malformagdes; perda auditiva

INTRODUCTION

The etiology of congenital hearing loss is variable. Congenital
hearing loss can be an isolated finding or be part of a syndrome, with
approximately one third of hearing losses being syndromic.t?

The adult inner ear is divided into an auditory apparatus, consisting
of the organ of Corti in the cochlea, and a vestibular apparatus,
consisting of the saccule, utricle, and semicircular canals (SCCs).
These structures are composed of a membranous labyrinth encased
in a bony labyrinth, located in the petrous portion of the temporal
bone.

The inner ear develops from an ectoderm thickening on the lateral
surface of the neural tube termed otic placode. During the fourth week
of human gestation, the otic placode invaginates into the underlying
mesenchyme, forming the otic vesicle (otocyst). Development of the
inner ear begins around the sixth week of fetal life, when the otic
vesicle splits. The ventral part (pars inferior) becomes the vestibular
sacculus and cochlear canal, which is fully formed by week nine; the
dorsal part (pars superior) becomes the utricle and subsequently
the SCCs at week eight; and the lateral canal is the last to form.? It
is generally agreed that inner ear deformities result from sudden
developmental arrest during these successive stages, which is why
the lateral canal is the most frequently involved.* This malformation
can be found as an isolated anomaly.

When not associated with hearing loss or acute acquired vertigo
symptoms, isolated congenital abnormalities may not become
identify
peripheral vestibular/cochlear lesions, especially anomalies such

clinically significant. Computed tomography (CT) can

as deformities of the bony labyrinth. SCC anomalies are the most
common congenital abnormalities of the inner ear, but their
prevalence among inner ear malformations varies according to the
overall severity of the anomaly.>®

MATERIALS AND METHODS

Eight cases of bilateral congenital semicircular canal malformation
(BCSCM) were retrospectively identified among patients evaluated
for hearing loss. This was an observational study using a convenience
sample of eight patients identified with the anomaly of interest.
identified during
performing CT scan in children evaluated for hearing loss. According

Cases were routine clinical practice while
to clinical practice, imaging study is performed to all children with
mild-to-moderate or moderate-to-severe hearing loss, in cases of
severe-to-profound deafness with negative genetic test, in children
with unilateral hearing loss, and in children with conductive or mixed
hearing loss.

Information on patient’s history, complete otologic examination,
CT scan, and serial audiograms was retrieved for all patients and the
type of audiological rehabilitation was described.

Among the eight identified cases, those associated with
acknowledged syndromes had been previously identified in Pediatric/
Genetic consultations.

All ears were evaluated for external auditory canal (EAC), tympanic
membrane, ossicles, round and oval windows, cochlea, vestibule,
SCCs (lateral, posterior, superior), vestibular aqueduct, mastoid and
perigeniculate, and tympanic and mastoid segments of the facial
nerve using one-millimeter-thin-section CT in both axial and coronal
planes. For two cases, nuclear magnetic resonance (NMR) imaging
evaluation was also available.

Cases were compared with those reported in the literature.

RESULTS

Demographic findings, audiological evaluation, and type of

rehabilitation of the eight cases are summarized in Table 1.
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Table 1 - Demographic findings, audiological evaluation, and type of rehabilitation of the eight patients included in the study

Case

Age

Gender

Associated syndromes/
chromosomal abnormalities

Audiological evaluation

Videonystagmography

Type of rehabilitation

24

Chromosome 2
inversion

Bilateral moderate
SNHL

SRT RE 70_dB Disc
100%

SRT LE 50_dB Disc
100%

Bilateral hearing aids

16

8021.11 deletion

Bilateral moderate THL

SRT RE 45_dB Disc
100%

SRT LE 40_dB Disc
100%

BAHA

18

CHARGE syndrome

Bilateral severe SNHL
SRT RE 80_dB Disc 94%

SRT LE 75_dB Disc 94%

Bilateral hearing aids

16

Non-syndromic

Bilateral moderate SNHL

SRT RE 65_dB Disc
100%

SRT LE 60_dB Disc
100%

NR

Bilateral hearing aids

8012.3g13.3 deletion (involving
EYA1 gene - BOR syndrome)

Bilateral moderate SNHL

SRT RE 60_dB Disc
100%

SRT LE 60_dB Disc
100%

NR

Bilateral hearing aids

30

Kallmann syndrome

Bilateral severe mixed
HL

SRT RE 80_dB Disc 94%

SRT LE 70_dB Disc 94%

NR

Bilateral hearing aids

14

Non-syndromic

Bilateral moderate THL

SRT RE 50_dB Disc
100%

SRT LE 50_dB Disc
100%

NR

Bilateral hearing aids

19

CHARGE syndrome

Bilateral moderate SNHL

SRT RE 65_dB Disc
100%

SRT LE 70_dB Disc 98%

NR

Bilateral hearing aids

BAHA — bone-anchored hearing aid; BOR — Branchio-Oto-Renal syndrome; CHARGE — associations of coloboma of the eye, congenital heart
defects, choanal atresia, mental and/or growth retardation, genital hypoplasia, and ear anomalies and/or deafness; Disc — discrimination;
F — female; HL — hearing loss; LE — left ear; M — male; N — normal; NR — not reported; RE — right ear; SNHL — sensorineural hearing loss; SRT —

speech reception threshold; THL — transmission hearing loss.




One female and seven male patients were identified with the study
anomaly, with a mean age at the time of evaluation of 17.75 years.

Among the eight cases, two were initially believed to be non-
syndromic/without chromosomal abnormalities, with the anomaly
radiographically uncovered later during a hearing loss evaluation.
Six patients had recognized syndromes/chromosomal abnormalities:
two patients had been diagnosed with CHARGE association
(coloboma, heart defects, atresia choanae, retardation of growth and
development, genitourinary problems, and ear abnormalities); one
patient had been diagnosed with Kallman syndrome (characterized
by a rare hearing impairment presentation); and three patients had
chromosomal abnormalities, including chromosome 2 inversion,
8g21.11 deletion, and 18q12.3q13.3 deletion (with involvement of
EYA1 gene associated with brachiootorenal syndrome).

Hearing loss was moderate to profound in all cases, with similar
degree and type of deafness on each side. Most patients (five in eight)
had sensorineural hearing loss and two patients had transmission
hearing loss (Cases 2 and 7). Only one patient had a mixed hearing
loss (Case 6). Six cases clearly had more pronounced hearing loss
between 250 and 1000 Hz.

Clinical history analysis enabled to investigate presence of vestibular
symptoms. None of the patients had symptoms compatible with
balance impairment. Three cases performed videonystagmography
to clarify unspecific symptoms, with normal results.

CT findings regarding SCCs are shown in Table 2.

Table 2 - Computed tomography findings of semicircular canals

Semicircular canals
Case
Lscc Sscc pPScC
1 N Hypoplasia Hypoplasia
Dysplasia Dysplasia Dysplasia
Hypoplasia Hypoplasia Hypoplasia
4* N N Hypoplasia
5* N N Aplasia
6 Dysplasia Dysplasia Dysplasia
7 Hypoplasia N N
8 Hypoplasia N N

LSSC — lateral semicircular canal; N — normal; PSCC — posterior
semicircular canal; SSCC — superior semicircular canal; * Nuclear
Magnetic Resonance data showed no alterations in membranous
labyrinth development.

All patients had bilateral deformities, with usually identical
anatomical pattern on each side. Three patients had hypoplasia
(Case 3)/dysplasia (Cases 2 and 6) of all SCCs. Isolated posterior

SCC hypoplasia was found in Case 4 and a probable total posterior
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SCC aplasia was found in Case 5. Isolated lateral SCC hypoplasia was
found in two cases (Cases 7 and 8). Case 1 had stenosis/hypoplasia in

the posterior and lateral SCC.

os]
dB HL

Figure 1 - A - Pure-tone threshold audiometry with air and bone
conduction masking value: Case 8. Bilateral moderate sensorineural
hearing loss. B - Pure-tone threshold audiometry with air and bone
conduction masking value: Case 6. Bilateral severe mixed hearing
loss. AC - air conduction; BC — bone conduction; dB HL — decibel
hearing level; Hz — hertz; LE — left ear; RE — right ear

Figure 2 - Imaging reconstruction of vestibulocochlear system. Non-

defined posterior semicircular canal: Case 5

CT findings of the cochlea and vestibular structures are summarized
in Table 3.

Of the eight cases, six had normal cochlear development, one
had bilateral cochlear hypoplasia, and one had bilateral Mondini
malformation. Malformations in the tympanic membrane and
external auditory canal were only found in one case (Case 3).

Changes in ossicular chain, such as fixation of the anvil, more cranial
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position, dysmorphic appearance, and abnormal rotation were found
in three patients.

Vestibules and vestibular aqueduct were normal in most cases,
except in Case 2, which had enlarged vestibules. Abnormalities of oval
window development and hypoplasia were found in two cases (Cases
3 and 4), both syndromic. Poorly defined round window was found in

three cases (Cases 6, 7, and 8). Development and pneumatization of
the mastoid was quite poor in two cases. An anomalous course of the
facial nerve was observed in four cases.

Seven of the eight patients used hearing aids, with good adaptation
and auditory gain. One case had auditory rehabilitation with bone-
anchored hearing aid (BAHA) (Case 2).

Table 3 - Other computed tomography findings of the cochlea and vestibular structures

Case | Cochlea RW ow Vestibule VA Ossicles Mastoid Facial nerve
1 N N N N N N Poor N
pneumatization
2 N N N Enlarged N N N
3 N Bilaterally N N More cranial N Anomalous
closed positioning of facial nerve
ossicular chain course
4 Bilateral Mondini | N N N N N N Moderate
malformation ectasia of
facial nerve
channel
5 Hypoplasia N N N N N N N
6 N Hypoplasia No defined N N More cranial Poor Anomalous
positioning of pneumatization facial nerve
ossicular chain; course
fixation of the
anvil
7 N Hypoplasia N N N Fixation of N N
the anvil;
dysmorphic
appearance
and abnormal
rotation
8 N Hypoplasia N N N N N Anomalous
facial nerve
course

N — normal; OV — oval window; RW — round windrow; VA — Vestibular aqueduct



DISCUSSION

Inner ear malformations with an impact on hearing status have
been previously investigated. SCC malformations can be an isolated
finding or be part of a syndrome. This anomaly seems to be very
common among children with CHARGE association, who usually
have at least a minor abnormality of the bony cochlea.® In a series
of 15 patients with SCC aplasia, Satar et al. found nine patients with
CHARGE association.® In the present case series, two had CHARGE
association. In the study by Satar et al, four patients (approximately
27% of cases) were nonsyndromic.® Similar results were observed
in this series, in which only two cases (25%) were non-syndromic/
without chromosomal abnormalities.

The unusual combination of Kallmann syndrome and deafness was
observed in this study. Clinical suspicion of Kallmann syndrome is
usually based on the combination of hypogonadism and anosmia/
hyposmia and the association between Kallmann syndrome and
hearing loss has been only sporadically reported.®’

The 18qg12.3q13.3 deletion with involvement of EYA1l gene
associated with brachiootorenal syndrome was observed in Case 5.
This represents a rare autosomal dominant disorder characterized by
branchiogenic anomalies, hearing loss, and renal anomalies.®

Some authors argue that an inevitable result of SCC complete
aplasia is a delay in walking and other locomotive activities in
early childhood years, emphasizing the importance of SCCs in
postural control acquisition.” Delayed growth and development
also complicate this situation in cases in which inner ear anomaly is
related to CHARGE or other diseases with psychomotor retardation.
However, isolated uni or bilateral SCC malformations can be clinically
undetectable due to complete compensation.

Evaluation of inner ear malformations and their impact on balance
was not the main objective of the present work. Although in this case
series patients were older than five years and none presented clinical
symptoms of imbalance or vertigo, clinical evaluation and patient
collaboration for more specific diagnostic tests are hindered in cases
of delayed psychomotor development.
the BIAP
classification, hearing loss was classified as moderate (Pure-tone

Using (Bureau International d’Audiophonologie)
average of 60 dB) to severe (Pure-tone average of 80 dB) in all cases.
Most patients (five in eight) had sensorineural hearing loss (severe
hearing loss in Case 3 and moderate hearing loss in Cases 1, 4, 5,
and 8). Patients with similar inner ear anomalies displayed different
deafness types and degrees, showing how radiographic evaluation
alone is insufficient to establish a correlation between severity and
type of hearing loss. Hearing loss associated with SCC dysplasia is
most likely due to anomalous membranous labyrinth development,
which is not radiologically detectable by CT scan.! The two cases in
this study with NMR data showed no alterations in membranous
labyrinth development. An interesting and not previously reported
fact is that in the present case series six patients clearly presented

a greater hearing loss at lower frequencies (between 250 and 1000
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Hz).

Patients in this series exhibited a wide range of inner ear structural
abnormalities. In general, the severity of any inner ear anomaly
is believed to be dependent on the timing of the developmental
insult. Considering the inner ear embryogenesis process previously
described, dysplasia/hypoplasia of SCCs with a morphologically
normal cochlea could not be easily explained by a very early
nonspecific developmental insult, as the membranous vestibular
labyrinth begins to develop earlier than the membranous cochlear
duct.*® The high degree of variability in radiological findings and
associated cochlear malformations argue against a single classification
system based on embryogenic arrest.>* The advent of new molecular
genetic analysis enables a much more complex history regarding
the etiology and pathogenesis of SCC anomalies and suggests that
cochlear and vestibular development may rely on independent, non-
interacting mechanisms.

The lateral SCC is phylogenetically more recent, as demonstrated by
jawless vertebrates exhibiting a two-canal inner ear composed of the
anterior (superior) and posterior SCC.° Among the SCC, lateral SCC
malformations are the most frequent.® In this study, isolated lateral
SCC malformations were only observed in two cases.

Single malformation of the posterior SCC has been described in
several diseases. Higashi et al. reported aplasia of the posterior SCC
in 26% of cases associated with Waardenburg syndrome.*>*3 Irie et
al. described two cases of unilateral aplasia of the posterior SCC in
Waardenburg syndrome.'>** In the present study, isolated posterior
SCC hypoplasia/aplasia was found in two cases, only one of which
associated with chromosomal abnormalities.

Absence of SCCs has been reported in Goldenhaar syndrome
and CHARGE association.***> In the present study, the three cases
with alterations involving the three SCCs were all associated with
syndromes/chromosomal abnormalities.

Six of the eight patients in this study had normal cochlear
development. Cases with cochlea malformation did not have more
severe hearing loss compared with the remaining, showing the
absence of a specific pattern of audiological findings potentially
associated with severity of cochlear radiographic findings. Patients
with deformities preserving the cochlear architecture showed no
consistently improved hearing compared with patients with cochlear
malformations.

In this study, no association was found between malformations
of round and oval windows, vestibule, ossicles, EAC, vestibular
aqueduct, mastoid, or course of the facial nerve and severity of
hearing loss. The described malformations were not more frequent
in patients with recognized syndromes/chromosomal abnormalities.
These findings do not agree with the results of Satar el al. showing
remarkable differences in syndromic cases regarding the frequency
of abnormalities of oval and round window development, unusual
vascular abnotmalities within the temporal bone, and greater
likelihood of anomalous facial nerve course.®
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CONCLUSION

The present study shows that a correlation between the severity
and type of hearing loss is difficult to establish based on analysis of
radiographic abnormalities only. Hearing loss associated with SCC
dysplasia is more likely due to anomalous membranous labyrinth
development, which is not radiologically detectable by CT scan.
Importantly, the small sample size in this study limits the power of
results and conclusions. Studies with larger sample size and NMR
analysis will certainly provide results with greater statistical power.

The evaluation of inner ear malformations and their impact on
balance could be an interesting study to carry out in the future.
Based on the complexity of inner ear development, it is reasonable
to hypothesize that anomalies in this process are probably not just
the result of arrested embryogenesis. Further studies with molecular
analysis and high-resolution, three-dimensional reconstruction
are necessary to better understand the complexity of inner ear

malformations and development.
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