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Abstract

Abstract Objective: To compare the comprehensive developments between children with large vestibular aqueduct syndrome

(LVAS) and children without LVAS and investigate the risk factors for developments of LVAS children. Design: A retrospective

propensity score matching analysis. Setting: Beijing Children’s Hospital, Capital Medical University, National Center for

Children’s Health, Beijing, China. Method: 70 children with LVAS (41 boys, median of 28.50 months, range 6-72 months,

hearing threshold: 82.54±12.58 dB nHL) and 70 gender-, age-, and auditory- matched overall children were recruited as LVAS

and non-LVAS group, respectively. The developments of children were assessed by Gesell development schedules. Then the overall

development and sub-development results were compared between the two groups. Regression analyses were used to assess the

association between potential risk factors and developments of LVAS subjects. Results: Compared with normal developmental

metrics, LVAS children and non-LVAS children both had developmental delay (both P<.001), which occurred not only in verbal

but also in non-verbal aspects (all P<.05) except gross motor in non-LVAS subjects. Whereas, the deaf children of two groups

had the similar performance including all sub-developments (all P>.05). For the developments of LVAS children, the age of

intervention was risk factor (B<0, P<.05) and the developments of children older than 12 months was worse than those of

children younger than 12 months (P<.05). Conclusion: Children with LVAS had the equal developmental level in comparison

with children with same hearing impairments. Age of diagnosis was the risk factor for developments of LVAS children and the

obvious delay of developments stared from 12 months.

Key points

• Deaf children had developmental delay, which occurred not only in verbal but also in non-verbal aspects.
• Children with LVAS had the equal developmental level in comparison with children with same hearing

impairments.
• The obvious delay of developments stared from 12 months. thus, early intervention was advocated.

1 | INTRODUCTION

Enlarged vestibular aqueduct was a common kind of cochlear malformation in the temporal bone, which
could induce hearing loss(1). Large vestibular aqueduct syndrome(LVAS) could be diagnosed with the classi-
cal hearing loss and a diameter >1.5 mm at the midpoint of vestibular aqueduct according to the valvassori

1



P
os

te
d

on
A

u
th

or
ea

28
M

ay
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

06
94

12
.2

39
06

01
7

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

criterion(1,2). So far, LVAS has been increasingly accepted as the most common cause of congenital progres-
sive sensorineural hearing loss in early childhood(1).

Apart from hearing loss, vestibular dysfunction has been reported associated with LVAS(3,4). About 87%
of LVAS patients marked vestibular weakness exhibited by vestibular function tests in Berrettini’s study
and 89% of children with LVAS had at least one abnormal vestibular test results in Christina’s reports
(5,6). Disequilibrium or vertigo as the typically vestibular symptoms were frequently appeared in LVAS
patients (1,7,8). In a retrospective study, vestibular symptoms (imbalance, vertigo, and/or motor delay) were
approximately 46% and 48% in adult and pediatric patients with LVAS, respectively(9). Delayed ambulation
and poor coordination were also reported in children with LVAS(8,10,11).

In the early stages of life, auditory input and communication were essential for cognition, behavior and
social development(12-14) . Developmental delay has been reported in children with hearing loss(14). For
the patients with LVAS, as a special group of hearing loss with the characteristics of both hearing impairments
and vestibular problems, we were used to paying them special attention in the clinical practice. In addition,
the great body balance ability and skilled movement were important prerequisite for the child to interact
with the external world to promote outstanding and all-round development (15-18). Yet, would vestibular
disorders of LVAS children affect their motor development? were their comprehensive development levels
worse than other deaf children? And would the factor of LVAS extra affect the developments of children?
The above questions should be addressed in order to answer clinicians’ and parents’ doubts and give clinical
guidance.

However, until to now, little study has been devoted to evaluated the development of children with LVAS
particularly. In the present study, firstly, we investigated the comprehensive developments in children with
LVAS and without LVAS separately, then compared their performance, and lastly analyzed the risk factors
for developments of children with LVAS.

2 | METHODS

2.1 | Study Design

The present study was a retrospective cross-sectional study based on reviewing medical records of deaf
children.

2.2 | Participants

645 children diagnosed with bilateral severe or profound sensorineural hearing loss in the Removed for Blind
Peer Review were recruited in this study. Children were excluded if they had: 1) unable to completed the
examination or evaluation; and 2) evidence of major secondary disabilities such as white matter diseases,
nervous system disease, physical disability. Accordingly, 500 children were selected and all they completed
auditory evaluation, CT scan of the temporal bone and developmental evaluation.

The CT scan was measured by the same specialized radiologist and the vestibular aqueduct, inner structure
and internal auditory canal were paid special attention. The vestibular aqueduct was regarded as enlarged
when midpoint diameter of vestibular aqueduct was >1.5 mm in the axial view in a computed tomography
scan (2). LVAS could be diagnosed when enlarged vestibular aqueduct was a separate anomaly and those
combined with other inner ear malformations were excluded in this study. Representative examples of CT
are shown in FIGURE 1.

According to the results of CT scan, 70 children diagnosed with isolated enlarged vestibular aqueduct were
recruited as LVAS group. Among the remaining subjects without enlarged vestibular aqueduct, we used
propensity matched analysis (PSM), matching the factors of gender, age and hearing threshold, at the ration
of 1:1, to screen the candidate for non-LVAS subjects. Finally, 70 gender-, age-, and auditory- matched
children were recruited as non-LVAS group.

2.3—Data Collection

2
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The following data: gender, age (namely time to evaluate developments and the time to perform intervention),
results of auditory, and results of Gesell were collected. TABLE 1 summarizes the demographic characteristics
of the sample.

2.31—Auditory Evaluation

Comprehensive audiological evaluations were performed by trained professional staffs in our hearing center.
Behavior audiometry was obtained with TDH-39P earphones (Interacoustics, AD229e) with the maximum
output of 120dB HL in the frequency of 500-4000Hz and 110dB HL in the frequency of 250 and 8000Hz
bilaterally. Auditory steady-state response (ASSR) was obtained with TDH-39P earphones (Interacoustics,
Eclipse) with the maximum output of 100dB nHL bilaterally. Better ear hearing threshold was calculated
for the thresholds of 500, 1000, 2000, and 4000Hz, with a value of 5dB over the limit at the frequency used
as the calculation for no response thresholds(19). The difference between binaural hearing was calculated
by the results of ASSR. If the difference was no more than10 dB nHL, we defined it symmetry of binaural
hearing; if it was more than10 dB nHL, we thought it asymmetry(20).

2.32—Gesell Developmental Schedule Evaluation

Certified clinical care physicians with expertise in working with deaf children administered developmental
assessments to the study participants. The Gesell Developmental Schedule was a test on development of young
children, which has been adopted and used in China for many years (21). It’s used to diagnosis developmental
and intelligence problems in children with objective criteria. The test consists of the five domains mentioned
below:1. Gross motor such as sitting, walking, and jumping. 2. Fine motor such as eye hand coordination,
ability to use small objects. 3. Adaptability such as reaction to moving objects or stimulation. 4. Language
such as hearing, comprehension and expressive language capabilities. 5. Social skill such as interactions
with people, ability to meet individual needs(22).The physicians selected the most appropriate test item
of the Gesell development schedule for the child depending on their ages. By ascertaining whether or not
the children were displaying the appropriate behavior for the age, an individual’s developmental quotient
(DQ) was calculated(22). According to the DQ, the developmental level can be graded into normal (more
than 85 score), suspicious (76-85 score), mild neurological damage (55-75 score), moderate (40-54 score),
severe (25-39 score) and very severe (less than 25 score) neurological damage (22,23). Overall DQ and above
five domains’ DQ were adopted in this study and the above grading criteria were applied for all domain’s
development.

2.4—Statistical Analysis

The statistical analyses were performed using SPSS for Windows, version 22 (SPSS Inc, Chicago, IL, USA).
The selection of subjects for non-LVAS group was performed by PSM method by matching the gender, age
and hearing threshold at the ratio of 1:1. Continuous variables were expressed as the mean ± SD or median
(IQR) and categorical values were shown in the form of n (%). For continuous variables, one-sample T-test,
single-sample T-test, and ANOVA were used for normally distributed data and Mann–Whitney U test for
non-normally distributed data. For categorical variables, chi square test and Fisher’s exact test were used.
Multivariate linear regression was performed to assess the relative contributions of corresponding variables
to Gesell developments. p <.05 was considered statistically significant.

3—RESULTS

Finally, the LVAS group was composed of 70 children (boys, 58.57%) with a median age of 28.50 months
(range 6-72 months) (TABLE 1). As TABLE 1 shown that the hearing thresholds of ASSR and behavior
audiometry were both belong to the profound hearing loss. The difference between binaural hearing was
13.57+-13.27 dB nHL with 54.29% of symmetric binaural hearing rate. 70 gender-, age-, and auditory-
matched children were recruited as non-LVAS group. As TABLE 1 shown that, there was no significant
difference in gender(P= .396), age(P= .959), and auditory level (all P> .05) between the two groups.

Compared with the normal developmental criteria of 85 score in Gesell schedule, LVAS children and non-
LVAS children both had developmental delay (TABLE 1, FIGURE 2). For LVAS children, the delay occurred

3
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in full-dimensional developments including gross motor, fine motor, adaptability, language, and social skill
(all P< .05) (FIGURE2). Whereas, for non-LVAS group, the delay didn’t occurre in gross motor(P= .199)
(FIGURE 2).

Dividing the development results into four gradings (as shown in TABLE 2), for the above two groups,
in terms of overall developments, majority of children were both distributed in mild neurological damage,
similar distributions were found in the sub-developments of fine motor, language, adaptability, and social skill.
Whereas, in gross motor, majority of children had the near-normal developments. The specific and detailed
distribution rates were shown in TABLE 2. According to the above results, the language development was
the worst, followed by social skills, adaptability, and fine motor, whereas gross motor was the best (TABLE
1-2, FIGURE 2).

Then, the developments were compared between the LVAS and non-LVAS groups. There was no difference
in developments score including all sub-dimensional developments (all P> .05) (TABLE1, FIGURE 3) and
similar results were found in the grading of developmental level (all P> .05) (TABLE 2). Although the
difference results in gross motor in comparison with normal criteria, there was no significant difference
between the two groups(P= .673) (TABLE1, FIGURE 3).

Subsequently, the multivariate linear regression was performed to assess the relative contributions of cor-
responding variables to developments of LVAS children. The results showed that only age was the related
factors to overall development (B =-.253, P< .05) including sub-developments of gross motor, adaptability
and social skill (all B <0, all P< .05) (TABLE 3). In order to explore the effect of age on the developments,
LVAS subjects were divided into three groups: 6-12 months, 12-36 months and 36-72 months. Developmental
scores of these three groups were provided in TABLE 4. Compared among the three age groups, significant
differences were found in overall development (P= .001) including sub-developments of adaptability, lan-
guage and social skill (allP< .05) but not in gross and fine motor (allP> .05). We further made multiple
comparisons in any two age groups. In gross and fine motor, there appeared significant difference in 6-12
months’ and 12-36 months’ group (allP< .05). In addition, compared with 6-12 months’ group, the overall
development in 12-36 months and 12-36 months’ group had lower developmental scores (P= .022, P= .003,
respectively), whereas, there was no significant difference between 12-36 months and 12-36 months’ group
(P= .205). Similar results appeared in fine motor and adaptability (all P< .05) (TABLE 4).

5—DISCUSSION

In clinical practice, children with LVAS always were such a group attracting our special care and atten-
tion, not only because of fluctuated hearing level, but also balance problems(3,4). While, were there any
differences in development level between LVAS subjects and children without LVAS? In order to solve the
problem, we selected the specific two groups: children with LVAS and without LVAS but with the same
hearing impairment, and compared the performance between the two groups, particularly discussing motor
development in-depth.

Our study showed developmental retardation both in LVAS children and non-LVAS children. The retardation
not only occurred in verbal development but also in non-verbal developments. Through the grading the
developments, we found that the majority of children in this study had mild neurological damage. Of all sub-
developments, language developed worst and motor developed best. According to the results, developments
of deaf children were worthy attention. Of note, the children in our study were the group with sever or
profound hearing loss. Thus the developments in our study could not represent the whole performance of
the group with hearing impairments, because the hearing level was associated with the developments revealed
in previous research (24-26).

In previous literatures, delayed ambulation and poor coordination in LVAS children were reported(8,10,11),
which was consistent with our above findings. Prior to foregoing study, we evaluated more comprehensively
including the gross motor such as sitting, walking and balance ability, and fine motor such as grabbing,
pitching and coordination ability. In this study, compared with normal developmental criteria, LVAS children
had developmental delay in gross motor, while non-LVAS children had the normal performance in gross motor.

4
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For the children with LVAS, a special group of hearing impairment, were their developmental level different
from the other deaf children? To addressed the question, we compared the performance between the two
groups and didn’t found any significant difference including gross motor.

Although vestibular weakness have been marked in LVAS patients in previous study(3,4), while motor re-
tardation and disbalance of LVAS children in our study couldn’t be concluded caused by vestibular disorder.
According to our study, we could only describe such a phenomenon and couldn’t conclude whether the
vestibular dysfunction induced by LVAS has effects on development, of which the reasons could be summa-
rized as follows. Firstly, the progress of hearing loss in LVAS patients was fluctuate(27), whereas the hearing
thresholds of LVAS children in our study tend to their worst hearing level because they were candidate to
cochlear implantation in our hospital. So, the hearing threshold couldn’t represent the real average auditory
level of LVAS children. Secondly, the age of hearing loss occurring, the duration of disease, and the usage
of hearing aids, which might affect the developments, weren’t normalized. Last but not least, although the
LVAS patients were with high rates of vestibular dysfunction, the children with abnormal vestibular test
results might not appear vestibular symptoms (8). In addition, balance ability were affected not only by
vestibular consciousness but also by vision and proprioception(28). When one of them was damaged, the
other functions would form compensation(29).Therefore, longitudinal follow-up study, vestibular tests, more
evaluation specially for motor and balance should be adopted to address these issues.

In the clinical practice, regardless whether the vestibular dysfunction caused by LVAS had additional effects
on developments, the phenomenon that there was no difference in developments between the two above
groups was a great news for us. If so, we didn’t pay extra attention to the developments in LVAS, compared
with the other deaf children. Meanwhile, we could focus on the prevention to hearing deterioration in LVAS
children and the search of good intervention methods after hearing impairments occurred.

Our study also found that age of intervention was the negative related factors for developments except
fine motor. Thus, we further compared the developments among the different age group and found that
the delay appearance infancy (6-12 months) to toddler (12-36 months) stage, whereas the developmental
levels of the toddler and preschool (36-72 months) stages were no obvious difference. So, we could say
that the delay started from the 1-year-old, which suggesting that the intervention should be performed
before 1- year-old. Until now, hearing aids and cochlear implantation have been effective approach for
increasing auditory perception(1,30,31). According to previous literature that intervention as soon as possible
could improve the prognosis of hearing-impaired children(32,33). Moreover, children with LVAS undergoing
cochlear implantation did well audiometrically and functionally as other deaf children without LVAS(34,35).

Considering the variety of hearing performance in LVAS children, we paid particular attention to the differ-
ence between binaural hearing. Of the LVAS subjects in our study, the mean difference between binaural
hearing was more than 10 dB nHL with more than half of asymmetric hearing loss rates. Individuals with
asymmetric sensorineural hearing loss have reported discomfort in daily living, both audiologically and psy-
chosocially due to poor localization of sound and poor speech recognition in noise(36-38). whether would
the asymmetric hearing loss affect the development of children especially the motor development? Then,
we include the symmetry of the binaural hearing as a potential related factor. Through the analysis, we
found that no matter the value of difference between binaural hearing or the symmetry couldn’t affect the
developments of LVAS children, including the motor development. Owing the children in our study were all
with sever or profound hearing loss, it’s possible that the influence from the symmetry was covered up by
the effects from auditory deprivation

As potential limitation we have stressed in the article, this study was a cross-sectional study and vestibular
function wasn’t been evaluated in this study. So, whether vestibular function affected development of children
couldn’t be deduced. In addition, the age of hearing loss occurring and diagnosis, the duration of disease,
and the usage of hearing aids, which might be the important factors for developments weren’t into use in this
study. Longitudinal follow-up study, professional evaluation specially for motor, balance vestibular tests, and
vestibular function, and fully integrated information, should be adopted to address these issues. Of note,
both objective and subjective evaluation on vestibular function were difficult to perform on young children,

5
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especially on deaf children. While, some scale such as Gesell development schedule adopted in this study
was an effective and feasible method to evaluate performance of deaf children, which was further beneficial
to formulate intervention strategy of cochlear implantation and rehabilitation strategy.

5—CONCLUSIONS

In conclusion, this study provides evidence that children with severe or profound hearing loss could have
comprehensive developmental delay. The developmental delay occurred not only in verbal but also non-
verbal aspects. Although with developmental delay, children with LVAS had the equal developmental level
in comparison with children with same hearing impairments. According to our results, whether the vestibu-
lar dysfunction induced by LVAS had effects on developments including motor developments couldn’t be
concluded. Longitudinal follow-up study and vestibular tests should be adopted to further address these
issues. In addition, we found that age of intervention was the risk factor for developments of LVAS children.
As the age of intervention was delayed, the delay in the development domains seemed worse and the obvious
delay of developments stared from 12 months-old. Therefore, early diagnosis and intervention was proposed.
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