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OBJECTIVE: To evaluate the relationship between the third window abnormalities and congenital inner ear malformations in pediatric patients
with different types of hearing loss. If such a relationship should exist, it would be important to take it into account, in order to diagnose and treat
pediatric hearing loss cases more accurately.

METHODS: Two hundred twenty-one children with hearing loss who had temporal bone computed tomography (CT) examination and were
identified from 2013 to 2018 were retrospectively evaluated. The types of hearing loss were grouped as sensorineural hearing loss (SNHL), con-
ductive hearing loss (CHL), and mixed hearing loss (MHL). Third window abnormalities included superior semicircular canal (SC) dehiscence,
posterior SC dehiscence, enlarged vestibular aqueduct (EVA), X-linked stapes gusher, perilymph fistula, and bone dyscrasias. Congenital inner ear
malformations included cochleovestibular, SC, and internal acoustic canal malformations. The relationships were analyzed with chi-square and
Fisher’s exact tests.

RESULTS: In the study, 40 patients had unilateral hearing loss and 181 had bilateral hearing loss. In 402 ears, the rates of SNHL, CHL, and MHL were
88.5%, 6.9%, and 4.4%, respectively. EVA was the most common third window abnormality (41/402; 9.7%), and SC malformations were the most
common inner ear malformations (53/402; 13.2%). In the SNHL group, superior and posterior SC dehiscence were associated with cochleoves-
tibular malformations (P=.035 and.020, respectively). In the CHL group, there was a relationship between EVA and SC malformations (P=.041).
No relationships were found in the MHL group.

CONCLUSION: Third window abnormalities and congenital inner ear malformations may be encountered simultaneously in children with SNHL
and CHL.
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INTRODUCTION

Third window abnormalities are a group of disorders which result in abnormal communications between the inner and the middle
ear, as well as cerebrospinal fluid and vascular structures.! They cause a reduction in bone conduction hearing thresholds and an
elevation in air conduction thresholds, resulting in a conductive hearing loss (CHL), characterized by abnormally low bone conduc-
tion thresholds with an air-bone gap in the audiogram."

Superior semicircular canal (SC) dehiscence (SSCD), posterior SC canal dehiscence (PSCD), enlarged vestibular aqueduct (EVA),
X-linked stapes gusher, perilymph fistula (PLF), and bone dyscrasias of the temporal bone comprise the third window abnormali-
ties.? The etiology of third window abnormalities is often unknown, even though some of these anomalies, such as PLF, may be
secondary to infectious, iatrogenic, or traumatic causes.?Clinically, auditory and vestibular symptoms may be present alone or in

(SNl
Content of this journal is licensed under a

Received: September 12, 2020 - Accepted: January 1, 2021 Creative Commons Attribution-NonCommercial
Available online at www.advancedotology.org 4.0 International License.

Corresponding author: Fatma Ceren Sarioglu, e-mail: drcerenunal@gmail.com


http://orcid.org/0000-0002-6714-2367
http://orcid.org/0000-0003-1421-3376
http://orcid.org/0000-0003-1691-1362
http://orcid.org/0000-0002-2549-0494
http://orcid.org/0000-0003-2592-0463
mailto:drcerenunal@gmail.com

388

J Int Adv Otol 2021; 17(5): 387-392

combination. CHL and mixed hearing loss (MHL) are well-described
findings which are associated with third window abnormalities.
Sensorineural hearing loss (SNHL) may also be present, especially in
cases with EVA."? Although the mechanisms of CHL and MHL can be
explained with the air-bone gap, the cause of SNHL in third window
abnormalities has not been clarified yet.

Inner ear structures are developed from the otic vesicles. The sac-
cule and the cochlear duct are derived from the ventral or saccular
component of the otic vesicle, whereas the dorsal or utricular com-
ponent is the origin of the utricle, SCs, and the vestibular aque-
duct.* Sennaroglu et al.> have classified inner ear malformations
based on this embryological development.

Although there were several previous studies on inner ear malforma-
tions and third window abnormalities in pediatric patients,®® to the
best of our knowledge, the relationships between them have not
been reported before. The main purpose of this study is to reveal any
association between the third window abnormalities and inner ear
malformations in pediatric patients. The secondary goal is to deter-
mine the incidence of these findings in different types of pediatric
hearing loss.

MATERIALS AND METHODS

Study Population

The retrospective study was approved by our institutional review
board. The parents of the children provided informed consent for
imaging. We retrospectively identified all pediatric patients (age 0-18
years) admitted to the otorhinolaryngology department for hearing
loss, who had a temporal bone computed tomography (CT) evalu-
ation between November 2013 and November 2018. The inclusion
criteria were children between 0 and 18 years old with hearing loss.
The exclusion criteria were as follows: children with a tumor that
infiltrated the inner ear, traumatic PLF, images with severe motion
artifacts, and slice thickness greater than 0.67 mm. Subjects who
had a syndrome which was related to hearing loss, prenatal causes,
or postnatal causes such as otomastoiditis, were not excluded,
because identifying the exact cause of the hearing loss was not our
main purpose. Additionally, patients with congenital external and
middle ear anomalies were not excluded by reason of the different
embryological origin of the external and middle ear from the inner
ear. In total, 221 children with hearing loss (40 unilateral, 181 bilat-
eral hearing loss) fulfilled the inclusion and exclusion criteria. After
determining the study subjects, ears without hearing impairment
were also excluded based on their results of a complete audiological
assessment battery, including the results of pure-tone audiometry,
auditory brainstem response, 226 Hz tympanometry, and distortion
product otoacoustic emissions. All patients’ audiometric data were
analyzed by evaluating each ear separately, and the types of hearing
loss were categorized as SNHL, CHL, and MHL.? Finally, 402 ears with
hearing loss (in 221 patients) were enrolled in the study. The flow
chart of the study participants is given in Figure 1.

CT Acquisition

Temporal bone CT exams were performed on a multidetector CT
scanner (Brilliance 64 Philips; Philips Medical Systems©, Eindhoven,
The Netherlands). Patients were examined with a temporal bone pro-
tocol with slices obtained from the arcuate eminence to the mastoid

277 children who had temporal bone CT scan were admitted to our hospital with hearing loss between
November 2013 and November 2018

Excluded (n = 56)
-Temporal bone mass (n= 1)
- Post-traumatic PLF (n = 1)

- Motion artifacts (n = 31)

- Slice thickness higher than
0.67 mm (n=23)

clinical findings

40 ears without hearing loss
were excluded

402 ears with hearing loss in 221 patients (40 patients with unilateral,
181 patients with bilateral hearing loss) were enrolled in the study

221 children (442 ears) were considgred by audiometric tests and ’

Figure 1. Flow chart of the study group. CT, computed tomography.

tip. CT images were acquired with the following parameters: routine
slice thickness, 0.67 mm:; slice interval, 0.33; pitch, 0.348; rotation
time, 0.75 seconds; matrix, 768 x 768; field of view, 14 x 14 cm; col-
limator, 20 x 0.625; 120 kV; 150 mA; and bone algorithm reconstruc-
tion. The axial source images and multiplanar reformations including
coronal, axial, sagittal, Stenvers’s and Poschl’s views were used for
the evaluations. The Stenvers’s view (oblique coronal reconstruction
parallel to the petrous bone) and the Poschl’s view (oblique coronal
reconstruction perpendicular to the petrous bone) were reformatted
from the axial source data on a separate postprocessing workstation
(Sectra Myrian, Expert 2.0/0502) to assess the SCs.

Image Interpretation

All the images were reviewed together in consensus by 2 pediatric
radiologists, who had 7 and 25 years of radiology experience. All
images were reviewed to determine the presence of third window
abnormalities (SSCD, PSCD, EVA, X-linked stapes gusher, PLF, bone
dyscrasia) and/or inner ear malformations according to the litera-
ture.">>1913 The diagnostic criteria to determine the third window
abnormalities and inner ear malformations are shown in Table 1.

Although EVA was reported as an inner ear malformation according
to Sennaroglu’s classification,” we considered EVA as a third window
abnormality, as mentioned in many articles in the literature."*™

Statistical Analysis

Statistical analyses were made using IBM SPSS ver. 22.0 (IBM Corp.,
Armonk, NY, USA). Categorical variables were summarized with fre-
quency counts and percentages, and the continuous features were
summarized with means and standard deviations. The most frequent
abnormal findings were taken into account while evaluating the relation-
ships of the third window abnormalities with inner ear malformations.
Chi-square and Fisher's exact tests were used in each type of hearing
loss. A P value less than .05 was considered as statistically significant.

RESULTS

A total of 221 patients (mean age: 63.59 + 50.88 months, age range:
3 months-16 years, 109 boys and 112 girls) were enrolled in the study.
A total of 40 patients had unilateral, and 181 patients had bilateral
hearing loss. Totally, 402 ears (362 ears of 181 patients with bilateral
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Table 1. Diagnostic Criteria for Third Window Abnormalities and Inner Ear Malformations

Third Window Abnormalities

Inner Ear Malformations

1. SCdehiscence; focal loss of the bony wall of the SCs.! 1.

2. EVA;transverse dimension of the vestibular aqueduct >1 mm at the mid-

point or >2 mm at the operculum).’ 2.

3. X-linked stapes gusher; the absence of the bone plate that separates the
basal turn of the cochlea and the internal auditory canal."
4. PLF; an abnormal connection between the middle ear, and SCs, vestibule

and/or scala vestibuli of the cochlea.? 3.

5. Bone dyscrasia; the changes in the density of the bony labyrinth.

The cochleovestibular malformations; described according to Sennaroglu
classification.®

The SC malformations; agenesis or dysplasia of a SC.

SC dysplasia was defined when the diameter of the lateral side of a SC bone
island was less than 3 mm.'? or the irregular wall of the SCs had a cystic or
non-cystic appearance.

The IAC malformation; stenosis (<2 mm) of the IAC.">

EVA, enlarged vestibular aqueduct; IAC, internal acoustic canal; PLF, perilymph fistula; SC, semicircular canal.

hearing loss and 40 ears of 40 patients with unilateral hearing loss)
with different types of hearing loss were considered for third window
abnormalities and inner ear malformations.

The rates of hearing loss types in all ears were as follows: 356 of 402
(88.5%) were SNHL, 28 (6.9%) were CHL, and 18 (4.4%) were MHL.
Children with specific clinical conditions were as follows: CHARGE
syndrome (n=3), achondroplasia (n=1), external auditory canal
atresia (n=1), isolated congenital ossicular anomaly (n= 1), oval win-
dow atresia (n=1), and otomastoiditis confirmed clinically (n=4).

The distribution of the inner ear malformations is given in Figure 2.
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Figure 2. The distribution of inner ear malformations in patients with hearing
loss. SC, semicircular canal; IAC, internal acoustic canal, IP-1; incomplete
partition type 1; IP-2, incomplete partition type 2.

EVA was the most common third window abnormality (41/402; 9.7%),
followed by SSCD (17/402; 4.2%), PSCD (17/402; 4.2%), X-linked
stapes gusher (2/402; 0.5%), and PLF (2/402; 0.5%). There were no
patients with temporal bone dyscrasias. SC malformations were the
most common inner ear malformation (53/402; 13.2%), followed by
cochleovestibular malformations (41/402; 10.2%), and IAC malforma-
tion (8/402; 1.9%) in all ears.

Third Window Abnormalities and Inner Ear Malformations in SNHL
Among 221 patients, 193 (87.3%) (mean age: 59.22 + 51.2 months,
age range: 3-192 months, 93 boys and 100 girls) had SNHL. The num-
ber of ears with SNHL was 356 (326 ears with SNHL in 163 patients
who had bilateral findings and 30 patients with unilateral findings).
The rates of third window abnormalities and inner ear malformations
in SNHL ears are given in Table 2. The most common third window
abnormality was EVA in the SNHL group (8.7%). SSCD and PSCD fol-
lowed EVA with percentages of 3.9% and 3.4%, respectively. SC mal-
formations were found as the most common inner ear malformation
(10.4%). Totally 9 of the 37 SC malformations were SC agenesis, and 3
patients with bilateral SC agenesis. Cochleovestibular malformations
were also common in this group (9.6%). Cochleovestibular malfor-
mations included cochlear hypoplasia (n=13), incomplete partition
type 1 (IP-1) (n=7), and incomplete partition type 2 (IP-2) (n=14) in
the CHL group.

In the SNHL group, when considering the relationship between
the third window abnormalities and inner ear malformations, both
SSCD and PSCD had significant relationships with cochleovestibular

Table 2. The Frequencies of Third Window Abnormalities and Inner Ear Malformations According to Each Type of Hearing Loss

SNHL, n (%) CHL, n (%) MHL, n (%)

Third window abnormality, n (%)

SSCD (17/402; 4.2%) 14/356 (3.9) 2/28(7.1) 1/18 (5.6)

PSCD (17/402; 4.2%) 12/356 (3.4) 4/28 (14.2) 1/18 (5.6)

EVA (41/402; 10.1%) 31/356 (8.7) 5/28(17.8) 5/18 (27.7)

X-linked stapes gusher (2/402; 0.4%) 0 1/28 (3.5) 1/18 (5.5)

Perilabyrinthine fistula (2/402; 0.4%) 1/356 (0.2) 0 0

Bone dyscrasia (0/402; 0%) 0 0 0
Inner ear malformation

Cochleovestibular malformations (41/402; 10.1%) 34/356 (9.6) 3/28(10.7) 4/18 (22.2)

SC malformations (53/402; 13.1%) 37/356 (10.4) 10/28 (35.7) 6/18(33.3)

IAC malformation (8/402; 1.9%) 7/356 (2) 0 1/18 (5.5)

CHL, conductive hearing loss; EVA, enlarged vestibular aqueduct; IAC, internal acoustic canal; MHL, mixed hearing loss; PSCD, posterior semicircular canal dehiscence; SC, semicircular

canal; SNHL, sensorineural hearing loss; SSCD, superior semicircular canal dehiscence.
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Figure 3. A 7-year-old boy with SNHL. Axial (a) and reformatted (b) images showed IP-2 malformation and PSCD in the right temporal bone. SNHL, sensorineural
hearing loss; IP-2, incomplete partition type 2; PSCD, posterior semicircular canal dehiscence.

malformations (P=.035 and P=.020, respectively) (Figure 3). There
was no association between EVA and inner ear malformations.
Table 3 presents the relationships between the third window abnor-
malities and inner ear malformations according to each type of hear-
ing loss.

Third Window Abnormalities and Inner Ear Malformations in CHL
A total of 20 (9%) patients (mean age: 94.6 + 35.67 months, age
range: 47-168 months, 12 boys and 8 girls) had CHL. The number of
ears with CHL was 28 (16 ears with CHL in 8 patients who had bilat-
eral findings and 12 patients with unilateral findings). The rates of
third window abnormalities and inner ear malformations in patients
with CHL are given in Table 2. EVA (17.8%) was the most common
third window abnormality, and SC malformations (35.7%) were the
most common inner ear malformations in the CHL group, similarly to
the SNHL group. PSCD was the second most frequent finding in the
CHL group (14.2%).

When considering the relationship between third window abnor-
malities and inner ear malformations in the CHL group, there was a

Table 3. The Relationships Between the Third Window Abnormalities and
Inner Ear Malformations

SNHL CHL MHL
The Findings P* P* P*
SSCD and cochleovestibular malformations .035
SSCD and SC malformations 1
SSCD and IAC malformations .896
PSCD and cochleovestibular malformations .020 .382
PSCD and SC malformations .360 116
PSCD and IAC malformation 1 N/A
EVA and cochleovestibular malformations .689 459 1
EVA and SC malformations .547 .041 .268
EVA and IAC malformation 1 N/A 1

*Chi-square test and Fisher's exact tests were used to determine the relationship of
between the findings.

CHL, conductive hearing loss; EVA, enlarged vestibular aqueduct; IAC: internal acoustic
canal; MHL, mixed hearing loss; N/A, not applicable; PSCD, posterior semicircular canal
dehiscence; SC, semicircular canal; SNHL, sensorineural hearing loss; SSCD, superior
semicircular canal dehiscence.

Bold values indicate statistically significant.

significant relationship between EVA and SC malformations (P=.041)
(Figure 4). No additional relationships were found in the other third
window abnormalities and inner ear malformations in the CHL group.
The cochleovestibular malformations included cochlear hypoplasia
(n=2)and IP-2 (n=1) in the CHL group.

Third Window Abnormalities and Inner Ear Malformations in MHL
Totally 12 (5%) patients (mean age: 93.42 + 43.46 months, age range:
36-180 months, 5 boys and 7 girls) had MHL. The number of ears
with MHL was 18 (12 ears with MHL in 6 patients who had bilateral

Figure 4. A 7-year-old boy with CHL. EVA and Lateral SC Dysplasia seen
together in the right temporal bone. CHL, conductive hearing loss; EVA,
enlarged vestibular aqueduct; SC, semicircular canal.



findings and 6 patients with unilateral findings). Table 2 summarizes
the frequencies of the third window abnormalities and inner ear mal-
formations in patients with MHL.

In 18 (4.4%) of 402 ears with MHL, EVA (27.7%) and SC malformations
(33.3%) were more frequent than the other malformations, similar
to other types of hearing loss. There were no relationships between
the third window abnormalities and inner ear malformations in this
group. Cochlear hypoplasia (n=1), IP-1 (n=2), and IP-2 (n=1) were
detected as the cochleovestibular malformations; 1 patient had bilat-
eral SC agenesis, and the rest were SC dysplasia.

DISCUSSION

In our study, we investigated whether there is a relationship between
the third window abnormalities and inner ear malformations in dif-
ferent types of hearing loss. In addition, finding out the incidences
of each anomaly in a relatively large population was our second-
ary purpose. We showed that the third window abnormalities and
congenital inner ear malformations may accompany each other in
children with SNHL and CHL. We demonstrated that both SSCD and
PSCD were related to cochleovestibular malformations in the SNHL
group. In addition, there was a relationship between the EVA and SC
malformations in the CHL group. In all 3 types of hearing loss, EVA
was found as the most common third window abnormality, and SC
malformations were the most common inner ear malformations. The
awareness of these relationships is important, and may contribute to
the clinical practice by evaluating them more carefully and specifi-
cally in children with hearing loss.

The relationship between SC dehiscence and inner ear malformations
was investigated previously.”>'¢ Sugihara et al.” and Saxby et al.’® did
not observe any relationship between SSCD and inner ear malfor-
mations. In contrast to these studies, Wang et al."” published a case
report that noted bilateral SSCD associated with inner ear anomalies.
According to our results, SSCD and PSCD had relationships with the
cochleovestibular malformations in the SNHL group (P=.035 and
P=.020, respectively). We speculated that the dehiscence of the
SCs may cause an interruption in the development of the cochlea
through a change in endolymphatic pressure. In addition, the mech-
anism of the SNHL may be explained with the increased pressure in
the SCs through cerebrospinal fluid, which may lead to damage of
the hair cells, resulting in a deterioration in the transfer of acoustic
energy from SCs to the cochlea.

In our study, we revealed a significant relationship between EVA and
SC malformations in the CHL group. Pyle® studied the embryologi-
cal development of the vestibular aqueduct and suggested that the
EVA may not result from an arrest in development early in fetal life.
Postnatal and early childhood maldevelopment were associated
with the EVA, according to this study.'® Besides this, the development
of SCbegins with the emergence of mineralized cartilage at 19 weeks
and ends at 27 weeks of gestation.' The arrest of the development
during these weeks results in the malformation of the SCs." We sug-
gest that the abnormal acoustic energy transmitted to the vestibular
aqueduct via dysplastic SCs may induce the development of the EVA.

EVA most commonly manifests as fluctuating and progressive
SNHL, but CHL and MHL may also be observed.?® The causes of the

Sariogluetal. The Third Window Abnormalities-Inner Ear Malformations

conductive and mixed components of hearing loss in patients with
EVA have been explained with stapes fixation?' and abnormal intra-
cochlear fluid pressure which result from the third window phenom-
enon.>?>?* EVA may also damage sensory cells inside the cochlea due
to the reflux of hyperosmolar endolymphatic sac contents.?? Some
authors have suggested that there is an association between SNHL
and EVA when a cochlear anomaly accompanies EVA.2*?> However,
Okumura et al.? reported that SNHL could be present independently
from the cochlear anomaly, as a result of EVA. In our study, EVA was
observed in all types of hearing loss.

Dehiscence of SC is characterized by loss of bone covering the
canal, thus there is a potential communication between the canal
and the cranial cavity. The incidence of SC dehiscence is highly
associated with age, because the thickness of bone overlying the
SCs increase with age.’>”?”2¢ The rate of SSCD was reported as 1.9-
6.2% in all age groups,™?” while it varied between 2.3% and 36.7%
in children younger than 2 years.?'>'%?” Qur result is compatible
with the literature, with a rate of 4.2%. The incidence of PSCD was
also 4.2% in our study. Saxby et al.’® reported the PSCD incidence
as 1.7% in their study, which included all children with temporal
bone CT regardless of indication. This incompatible result may be
explained by the fact that our study group consisted only of chil-
dren with hearing loss.

SC malformations were found as the most common inner
ear malformations in all types of hearing loss in our study.
Venkatasamy et al.*® found an association between SC malforma-
tions and different types of hearing loss. They suggested that mul-
tiple structures sharing the same embryological origin, such as the
footplate of the stapes and labyrinth, derive from ectoderm, and may
be affected by interruptions during embryogenesis, leading to vari-
ous degrees of clinical outcomes.?

The first limitation of our study is its retrospective design and the lack
of a healthy control group matched for age, assuming that the inner
ear findings in children with hearing loss were not comparable with
a normal group. Second, the number of ears with CHL and MHL was
small due to the reason that CT imaging is not generally requested
for such uncomplicated pediatric cases. Third, the image interpreta-
tion was done with a consensus of 2 radiologists, omitting intraob-
server and interobserver agreements. Fourth, we included patients
with hearing loss and did not consider vestibular symptoms that may
also be associated with third window abnormalities; the reason was
that the vestibular symptoms could not always be reliably evaluated
in young children.

CONCLUSIONS

Third window abnormalities and congenital inner ear malforma-
tions may accompany each other in children with SNHL and CHL.
According to our results, both SSCD and PSCD and cochleoves-
tibular malformations may be commonly detected together in
children with SNHL. EVA and SC malformations may also be seen
together in children with CHL. Controlled studies with larger sam-
ple sizes are required to support our findings and further evalu-
ate the underlying pathogenesis of the different types of hearing
loss encountered with inner ear malformations and third window
abnormalities.
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