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Objectives. The aim of the present study was to evaluate audiologic and vestibular functions in patients with lateral semi-

circular canal (LSCC) dysplasia/aplasia.

Methods. We conducted a retrospective study of a patients with LSCC dysplasia and aplasia at tertiary referral center. The
subjects included 15 patients with LSCC dysplasia or aplasia, with or without combined inner ear anomalies. Medi-
cal history, temporal bone computed tomography scans, pure-tone audiograms, and vestibular function test results

were analyzed.

Results. LSCC anomaly was identified in 15 patients (20 ears). Nine patients had unilateral LSCC dysplasia only and
showed a mean pure-tone average of 45.5+28.7 dB, while three patients (33.3%) among them had normal hearing.
Six patients had bilateral LSCC dysplasia/aplasia combined with other inner ear anomalies and profound bilateral
hearing loss. Notably, only four out of 15 patients (26.7%) had dizziness symptoms. On caloric test, patients with
isolated LSCC dysplasia showed a 51.8% +£29.3% level of canal paresis (eight out of nine patients showed anoma-
lies), whereas patients with bilateral LSCC dysplasia/aplasia presented bilateral vestibular loss. One patient with iso-
lated LSCC underwent video-head impulse test; horizontal canal gain decreased to 0.62 (17 % asymmetry) and an-
terior canal gain was 0.45 (52.6% asymmetry), whereas posterior canal gain was normal.

Conclusion. Bilateral LSCC dysplasia/aplasia is comorbid with other inner ear anomalies and presents as profound bilater-
al hearing loss and vestibulopathy. In contrast, isolated unilateral LSCC dysplasia presents as ipsilateral horizontal ca-
nal paresis. Hearing function in isolated LSCC dysplasia is usually, but not always, impaired with varying severity.
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INTRODUCTION

Hearing loss is one of the most common sensorial disorders in
children, with incidence rates of one to three per 1,000 new-
borns [1]. The etiology of hearing loss varies, but at least half of
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hearing loss cases are due to genetic factors, such as hereditary
disorders. About 20% of hearing loss cases in children are asso-
ciated with inner ear malformations, which may cause profound
sensorineural hearing loss [2]. Unsuspected congenital malfor
mations are found in approximately 2.3% of inner ear radiolog-
ic studies [3]. Inner ear malformations can result from embryo-
logic arrest, possibly influenced by genetic factors [4].

Lateral semicircular canal (LSCC) malformation is one of the
most common radiological anomalies of the bony labyrinth [5].
During the 5th week of embryonic development, superior semi-
circular canal is the first semicircular canal to develop, followed
by posterior semicircular canal. LSCC is the last to develop, and
thus may present as an isolated developmental abnormality. The

Copyright © 2020 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-2827-8456
https://orcid.org/0000-0002-3047-2127
https://orcid.org/0000-0003-4408-3066
https://orcid.org/0000-0003-1906-6969
http://crossmark.crossref.org/dialog/?doi=10.21053/ceo.2019.01053&domain=pdf&date_stamp=2020-08-01

256 Clinical and Experimental Otorhinolaryngology Vol. 13, No. 3: 255-260, August 2020

most common form of LSCC anomaly is hypoplasia such as dil-
atation, as well as shortened or narrowed LSCC [5]. Aplasia, de-
fined as the absence of LSCC, is the most severe form of anom-
aly and may manifest as part of several broader syndromes,
such as CHARGE syndrome [6]. In the literature, Johnson and
Lalwani [7] reported that there are diverse types of hearing loss
associated with LSCC malformation. The majority of patients
with LSCC malformation have sensorineural hearing loss,
whereas some have pure or mixed conductive hearing loss. Nev-
ertheless, there have been few reports on vestibular manifesta-
tions and performance on audiologic tests in LSCC malforma-
tion. Therefore, this study aimed to evaluate audiologic as well
as vestibular functions in patients with LSCC malformation.

MATERIALS AND METHODS

We conducted a retrospective study of patients with LSCC dys-
plasia at Severance Hospital of Yonsei University Health System,
one of the largest tertiary hospitals in Seoul, South Korea. From
2007 to 2017, a total of 15 patients were retrospectively enrolled
through the Department of Otolaryngology. Medical histories
were reviewed for audiologic symptoms and relevant findings
including the etiology of hearing loss, treatment of hearing loss,
and accompanying vestibular symptoms. All patients underwent
temporal bone computed tomography (CT) scans to evaluate
mostly hearing loss, followed by dizziness and chronic otitis me-
dia. The enrolled subjects were diagnosed with LSCC dysplasia
or aplasia, with or without combined inner ear anomalies, as
confirmed by temporal bone CT scans by a radiologist special-
ized in head and neck section. After that, final diagnosis was made
by ENT specialists (Fig. 1). For audiologic assessment, a four-fre-
quency pure-tone average (0.5, 1, 2, and 4 kHz) was obtained
from pure-tone audiogram. Vestibular functions were assessed
by caloric test and video-assisted head impulse test (VHIT). We
calculated canal paresis using caloric test according to Jongkee’s
formula. The vHIT of LSCC was analyzed by gain value and the
presence of catch-up saccade. This study was approved by Insti-
tutional Review Board of Severance Hospital, Yonsei University
Health System (IRB No. 4-2015-0659).
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= Lateral semicircular canal (LSCC) malformation is one of the
most common radiologic anomalies of the bony labyrinth.

= Usually bilateral LSCC dysplasia and aplasia may result in
profound bilateral hearing loss, due to combined other inner
ear anomalies.

= [solated LSCC dysplasia is associated with varying degrees of
hearing loss and vestibular symptoms.

Fig. 1. (A) High-resolution temporal bone computed tomography
scan of a patient with left unilateral lateral semicircular canal (LSCC)
dysplasia and the absence of central bony island of LSCC. (B) Ex-
ample of a right unilateral LSCC dysplasia case. (C) Example of a
bilateral LSCC dysplasia case with comorbid cochlea aplasia. (D)
Bilateral LSCC dysplasia with combined unilateral cochlea hypopla-
sia on the right side.

Table 1. Demographic characteristics of the patients

Characteristics Value (n=15)
Age (yr) 34.8+20.8
Sex
Male 8(53.3)
Female 7(46.7)
Dizziness symptom
Prevalence 4(26.7)
Characteristics
Spinning sensation 2(13.3)
Gait imbalance 2(13.3)
Age at onset (yr) 37.8+21.5
Site of LSCC dysplasia
Unilateral 9 (60)
Bilateral 6 (40)

Values are presented as meantstandard deviation or number (%).
LSCC, lateral semicircular canal.

RESULTS

Patient characteristics

Fifteen patients (20 affected ears in total) were identified, and
their mean age was 34.8 years (Tables 1 and 2). Eight patients
were male and seven patients were female. These nine cases were
of unilateral LSCC dysplasia (Fig. 1A, B), whereas six patients
showed bilateral LSCC dysplasia (Fig. 1C, D). Four out of six



Table 2. Clinical characteristics of LSCC dysplasia/aplasia
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. . Onsetage of PTAs  PTA4 Postoperative

Patient Age Site of . L Cochlear

No. (yr) Sex LSCC lesion hearing loss (QB), (dB), Combined inner ear anomaly o CAP score

(yr) right left (1yr)

1 20 F  Right (dysplasia) 28 29 No No

2 74 F  Right (dysplasia) 34 57 13 No No

3 44 M Right (dysplasia) 10 12 No No

4 75 M Right (dysplasia) 55 79 33 No No

5 58 M Right (dysplasia) 58 78 20 No No

6 6 F Left(dysplasia) 17 18 No No

7 43 F  Left (dysplasia) 8 52 No No

8 15 M Left (dysplasia) 10 13 No No

9 27 M Left (dysplasia) 24 35 75 No No
10 47 M Both (dysplasia) 12 116 118 No Left 4 (3 mo)
11 27 F  Both (dysplasia)  Congenital 120 120 PSCC dysplasia (both) Left 5
12 32 F  Both (aplasia) Congenital 120 75  ASCC/PSCC aplasia and incomplete partition | (right) Left
13 36 F  Both (aplasia) 14 92 58  ASCC/PSCC aplasia and cochlea hypoplasia Il (right) No
14 19 M  Both (aplasia) Congenital 115 115 ASCC/PSCC aplasia and IAC stenosis (both) Right 5
15 13 M Both (aplasia) Congenital 120 120 ASCC/PSCC aplasia and cochlea aplasia (both) Left 3

LSCC, lateral semicircular canal; PTA4, the average threshold of 0.5, 0.1, 2, and 4 kHz; CAP, Categorized of Auditory Performance; F, female; M, male;
PSCC, posterior semicircular canal; ASCC, anterior semicircular canal; IAC, internal auditory canal.

Table 3. Cochlear implantation of lateral semicircular canal dysplasia/aplasia patients

Patient  Age Onsqt R [Pl Pl Combined Cochlear Postoperative ool Postoperative
No. (yr) S ol (QB), (dB), inner ear anomaly implantation  PTA4 (dB) CAP score complication
(yr) right left (1yr)

10 47 M 12 116 118 None Left 26 4 (3 mo) None

11 27 F Congenital 120 120 PSCC dysplasia (both) Left 27 5 None

12 32 F Congenital 120 75 ASCC/PSCC aplasia and Left 21 7 None
incomplete partition | (right)

14 19 M Congenital 115 115 ASCC/PSCC aplasia and Right 38 5) Facial
IAC stenosis (both) twitching

15 13 M Congenital 120 120 ASCC/PSCC aplasia and Left 48 3 None

cochlea aplasia (both)

PTA4, the average threshold of 0.5, 0.1, 2, and 4 kHz; CAP, Categorized of Auditory Performance; M, male; F, female; PSCC, posterior semicircular canal;

ASCC, anterior semicircular canal; IAC, internal auditory canal.

patients with bilateral LSCC showed LSCC aplasia, combined
with cochlear anomalies. However, one patient with bilateral
LSCC dysplasia showed normal cochlear anatomy, although the
patient had acquired sensorineural hearing loss on both ears.

Audiologic evaluation

In the unilateral LSCC dysplasia group, the mean average
threshold of 0.5, 1, 2, and 4 kHz (PTA4) was 45.5 dB, while
three patients had normal hearing levels. In contrast, six patients
with bilateral LSCC anomalies had profound hearing loss. Even-
tually, five patients underwent cochlear implantation surgery
(Table 3). Four patients had favorable outcomes after cochlear
implantation, as defined by a postoperative Categorized of Audi-
tory Performance (CAP) score of more than 4 points. One pa-
tient with comorbid cochlea aplasia had a relatively poor out-
come after surgery. No patient complained of dizziness after
surgery. One patient showed facial twitching after activation of

cochlear implant, which was resolved by decreasing the dynam-
ic range of the offending electrodes.

Vestibular evaluation

Four out of 15 patients had dizziness symptoms, which were
characterized as spinning sensation and/or gait disturbance. In-
terestingly, dizziness patients all belonged to unilateral LSCC
dysplasia groups (Table 4). Two of them described feeling of
spinning sensation, whereas the other two patients complained
of gait imbalance; their mean age at onset was 37.8 years. All
patients underwent caloric stimulation test, and two patients un-
derwent video head impulse test. Only two patients showed
normal canal paresis value on caloric testing; two patients with
unilateral LSCC dysplasia showed ipsilateral complete canal pa-
resis. Mean canal paresis was 51.8%. In one patient with isolat-
ed unilateral LSCC dysplasia (patient 5), horizontal canal gain
decreased to 0.62 (17% asymmetry) and anterior canal gain
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Table 4. Vestibular functions of LSCC dysplasia/aplasia

Patient Site of LSCC Dizziness On.setlage Dizziness Combined inner ear Sl CP Hor|zonltal) Antenqra) Posterpra) CVE.MP
No. lesion symptom of dizziness feature anomaly of (%) VvHIT gain® VvHIT gain® VHIT gain® amplitude
(yr) CP (RY/LY) (RULY) (RtLt)  (asymmetry)
1 Rt (dysplasia) No No Rt 36
2 Rt (dysplasia)  Yes 54 Gait No Rt 100 Right
imbalance (36.8%)
3 Rt (dysplasia) No No Rt 59
4 Rt (dysplasia) No No Rt 46
5 Rt (dysplasia)  Yes 58 Spinning No Rt 25 0.629/0.94 0.45Y0.99 0.84/0.95
sense
6 Lt (dysplasia) No No Lt 36
7 Lt (dysplasia) No No Rt 24 Right
(40.6%)
8 Lt (dysplasia)  Yes 15 Spinning No Lt 100
sense
9 Lt (dysplasia)  Yes 24 Gait No Lt 40
imbalance
10 B (dysplasia) No No B 100

11 B (dysplasia) No

PSCC dysplasia (both)
ASCC/PSCC aplasiaand B 100

o8}

100 0.519/0.54% 0.39¥/0.49% 0.36%/0.26¥

ASCC/PSCC aplasiaand B 100

ASCC/PSCC aplasiaand B 100

12 B (aplasia) No
incomplete partition |
(right)
13 B (aplasia) No
cochlea hypoplasia Il
(right)
14 B (aplasia) No
IAC stenosis (both)
15 B (aplasia) No

ASCC/PSCC aplasiaand B 100

cochlea aplasia (both)

Canal paresis 100% in bilateral anomaly patients group means no response in both ears.
LSCC, lateral semicircular canal; CP, canal paresis according to Jongkee's formula; vHIT, video-assisted head impulse test; Rt, right; Lt, left; cVEMP, cervi-
cal vestibular-evoked myogenic potential; B, both; PSCC, posterior semicircular canal; ASCC, anterior semicircular canal; IAC, internal auditory canal.

AVHIT LSCC gain value and presence of catch-up saccade at the side of CP.

was 0.45 (52.6% asymmetry), whereas posterior canal gain was
normal on vHIT (Fig. 2). These results imply that the end organs
innervated by superior vestibular nerve are functionally im-
paired in isolated LSCC dysplasia.

DISCUSSION

In this study, we observed that bilateral LSCC dysplasia or apla-
sia was usually combined with other inner ear anomalies, result-
ing in profound bilateral hearing loss and vestibulopathy. Only
one patient with bilateral LSCC anomalies showed asymmetric
hearing loss. Temporal bone CT of this patient showed more se-
vere combined anomalies on the right side, consistent with the
hearing threshold being better on the left side. Therefore, LSCC
anomalies combined with other inner ear anomalies resulted in
severe hearing loss, in line with previous reports [8,9].

A previous temporal bone anatomy study reported that
LSCC anomalies are the most common anomalies of the inner
ear [5,10]. LSCC anomalies can be combined with other inner

ear anomalies, including those of the cochlea, vestibule, and
vestibular aqueduct, depending on which developmental stages
of the inner ear are impacted [11]. The semicircular canal devel-
ops at embryonic weeks 4 to 7, and early developmental arrest
results in deformity of the entire semicircular canal and other
structures of the inner ear [12]. Ossification of the labyrinth is
completed by the 23rd week, and LSCC is the last of the semi-
circular canals to complete ossification. Disturbance in ossifica-
tion may result in LSCC dysplasia, such as lack of a central ossi-
fied bony island and a short LSCC complex [13,14].

Our study showed various degrees of hearing loss, with some
patients with unilateral LSCC even displaying normal hearing
levels. Yamashita et al. [13] reported that there was no correla-
tion with hearing loss in isolated dysplasia of patients with
LSCC. Nevertheless, Dallan et al. [15] reported similar results in
bilateral LSCC dysplasia. These findings suggest that hearing
loss in LSCC dysplasia is likely correlated with anomalous
membranous labyrinth development, which we could not find
on radiologic examination.

Yu et al. [4] investigated the molecular genetic background of
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Fig. 2. The results of video head impulse test showing decreased gain of the right lateral canal and anterior canal, with dominant catch-up sac-
cade movement on the lateral canal. However, the gain of the posterior canal was relatively normal.

semicircular canal anomalies, and found mutations across a
number of genes that resulted in various inner ear defects. Dur
ing embryonic development, genetic mutations can alter the
regulation of transcription factors that play critical roles in the
differentiation of specific organs. In addition, Hadrys et al. [16]
reported on a knockout mouse model of LSCC malformation in
which Nkx5.1, a transcription factor expressed in the presump-
tive area of the semicircular canal, was deleted. These reports
suggest that the pathophysiology of inner ear anomalies may be
attributable to genetic defects, and thus genetic counseling
should be considered, although the genetic causes of LSCC re-
main elusive.

The current study suggests a lack of correlation between ves-
tibular function and hearing loss. Only four patients complained
about dizziness symptoms, and the onset time of dizziness var-
ied. Different onset times of dizziness symptoms may be attrib-
utable to the incomplete compensation by central nerve system
and insufficient residual balance function of peripheral vestibu-
lar system. Patients with LSCC anomalies are considered to have
a small balance capacity; therefore, they are more vulnerable to
be affected by uncompenation caused by various origins such as
upper respiratory infection infection, malnutrition, stressful con-
dition, or vestibular neuritis.

The results of vestibular examination quite varied according
to different patients. Despite the presence of dizziness symptoms,
the abnormal value of canal paresis was given on the same side

in most unilateral LSCC dysplasia patients. These results indi-
cate that membranous labyrinth had dysplasia, along with bony
labyrinth dysplasia, in our patients. In addition, caloric tests were
mostly affected by convection effect of endolymph. LSCC dys-
plasia may change the area ratio in comparison to the normal
side, causing canal paresis. McGarvie et al. [17] explained the
abnomal canal paresis in caloric test may have resulted from
theoretically dissipated hydrostatic pressure in dilated membra-
nous labyrinth in Meniere disease. This theoretical dissipation
model can explain our abnormal caloric results on the same side
of the affected ear. In contrast, normal values of caloric test in
patients with unilateral LSCC dysplasia may infer that anoma-
lies of bony labyrinth are not sufficiently correlated with abnor-
mal vestibular function [18]. As for the results in vHIT, one pa-
tient showed normal posterior semicircular canal gain, in addi-
tion to abnormal gain in both lateral and superior semicircular
canal. This result in vHIT shows impaired superior vestibular
nerve in isolated LSCC dysplasia. Superior vestibular nerve in-
nervates to utricle, as well as lateral and superior semicircular
canals. Abnormal vHIT and LSCC anomaly can be further ex-
plained by the loss of type 1 hair cell. Type 1 hair cells are asso-
ciated with high acceleration stimuli, which are well correlated
with vHIT test. Type 1 hair cells are more abundantly found in
crista ampullaris, and LSCC dysplasia might lead to loss of type
1 hair cells and subsequently cause less gain of vHIT [19].

In conclusion, our study showed varying clinical characteris-
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tics of LSCC anomalies. Bilateral LSCC dysplasia/aplasia is usu-
ally combined with other inner ear anomalies, which may result
in profound bilateral hearing loss. However, isolated LSCC dys-
plasia was associated with varying degrees of hearing loss, and
vestibular symptoms did not always accompany LSCC anoma-
lies in our patients.
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