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Background: Abnormal inner ear anatomy increases the risk of cochlear implantation because only a 
certain number of neurons can input signals to the auditory cortex. Therefore, the effectiveness and safety of 
cochlear implantation for patients with large vestibular aqueduct deformity (LVAD) are controversial and we 
explored whether cochlear implantation can improve the hearing of patients with this defect.
Methods: Randomized controlled trials of cochlear implantation for the treatment of LVAD were retrieved 
from the CNKI, Baidu Academic, VIP Medical, Wanfang Data, PubMed, EBSCO, Medline, and Cochrane 
databases from the date of establishment of the database to July 20, 2021. Chinese and English search 
keywords included Large vestibular canal malformation, Deafness, large vestibular aqueduct, and Cochlear 
implants. We used RevMan 5.3 to evaluate the quality of the literature.
Results: A total of 5 documents that met the inclusion criteria were tested for overall heterogeneity. For 
the heterogeneity test of categories of auditory performance, Chi-squared (Chi2) =4.00, degrees of freedom 
(df) =1, I2=75%>50%, and P=0.05. Overall analysis using a random-effects model showed no statistically 
considerable difference between the deformity group and the control group [Z=0.78, mean difference 
(MD) =−0.65, 95% confidence interval (CI): −2.29 to 0.98, P=0.43]. There was no substantial difference in 
postoperative hearing ability between LVAD patients and those with normal inner ear structure. Continuous 
variables were used to describe the speech intelligibility rate (SIR) in a total of 48 cases, including 24 cases in 
the deformity group and 24 cases in the control group. For the heterogeneity test of the whole population, 
Chi2 =1.75, df =1, I2=43%<50%, and P=0.19. Overall analysis using a fixed-effects model showed that the 
difference between the deformity group and the control group was statistically considerable (Z=3.09, MD 
=−1.03, 95% CI: −1.69 to −0.38, P=0.002).  
Discussion: The meta-analysis results confirmed that with postoperative rehabilitation for LVAD patients 
with cochlear implants the clinical efficacy is similar to that of deaf patients with normal inner ear structure, 
providing an important basis for hearing restoration.
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Introduction

Large vestibular aqueduct deformity (LVAD) is a congenital 
malformation of the inner ear, an autosomal recessive genetic 
disease, mainly due to enlargement of vestibular aqueduct, 
which belongs to congenital sensorineural deafness (1-3). 
Originally discovered and named by Harker et al. in 1999, 
it is essentially abnormal communication between the 
cerebrospinal fluid and perilymph (4). The incidence of LVAS 
was 1.5%, accounting for 31.5% of congenital inner ear 
malformation. The vestibular aqueduct (VA) is a bony duct 
that contains a variety of components and tissues, including 
endolymphatic vessels, endolymphatic sacs, and venules. In 
addition, it also contains some connective tissue, perilymph, 
and dura mater (5). The VA starts from the medial vestibular 
wall., located between the vestibule and the endolymphatic 
sac, and extends backward and outward to open on the 
surface of the petrous cone of the temporal bone. The return 
veins of the semicircular canal and the utricle both enter the 
sigmoid sinus after passing through the VA.

The emergence of a large vestibular aqueduct (LVA) may 
be caused by cessation or disorder of the endolymphatic 
vessels during embryonic development (6). In the embryo, 
the VA is short, straight, and broad, and gradually becomes 
long and narrow with maturity, showing the typical 
inverted “J” shape (7,8). Adverse factors affecting the early 
embryonic development of the inner ear may cause the VA 
to remain in its relatively large shape (9). The fundamental 
factor for the enlargement of the VA is enlargement of 
the endolymphatic sac and endolymphatic vessels. The 
endolymphatic fluid produced by the cochlea flows through 
the endolymphatic vessels and endolymphatic sac and 
transmits pressure in the membranous labyrinth. Under 
normal development, the narrow VA and membranous 
labyrinth inside the cochlear aqueduct protect the inner 
ear against rapidly rising intracranial pressure. However, 
even mild traumatic brain injury can cause fluctuations 
in cerebrospinal fluid pressure when the anterior atrium 
aqueduct is enlarged and the cochlear aqueduct is normal. 
Conduction to the inner ear by the significantly enlarged 
endolymphatic vessels and endolymphatic sac ruptures 
the membranous labyrinth, causing mixing of internal and 
external lymphatic fluid, presenting as sudden deafness 
and vertigo (10-13). This sudden onset of deafness can 
recover by itself or after treatment, but repeated attacks 
can lead to total deafness. This is the basic progression of 
LVAD deafness. Up till now, there has not been any other 
reversible method than artificial hearing aid technology.

With the development of science and technology and 
social progress, Chinese enterprises had begun to produce 
cochlear implant system, an active implantable medical 
device that had been implanted into human body for a long 
time. Due to the high installation and use risks of this kind 
of products, there is no corresponding national or industry 
standard or international standard for transformation 
and demonstration in China at present, and the evidence 
of safety and effectiveness submitted by various studies 
was quite different from the existing technical evaluation 
requirements. Cochlear implant is based on the following 
considerations for the reconstruction of hearing in the 
large vestibule: the main reason is that the incidence of the 
large vestibule is mostly after the language period, and even 
has a certain language foundation. Under the condition of 
ensuring the normal development of the auditory nerve, 
the effect of cochlear implant is guaranteed (14). A cochlear 
implant is better than a hearing aid for LVAD patients 
whose hearing loss has reached the more than severe level.

Because anatomic abnormality of the inner ear structure 
will increase the risk of cochlear surgery, a certain number 
of neurons must be equipped to effectively transmit 
signals to the auditory cortex. Therefore, the safety and 
effectiveness of cochlear implants in these patients are 
controversial. The innovation of this study is our meta-
analysis to compare the categories of auditory performance, 
speech intelligibility rate and duration of cochlea use 
of cochlear implant in deaf patients with inner ear 
malformations and those with normal anatomic structure of 
the inner ear. We explored whether cochlear implantation 
can improve hearing in patients with LVAD to provide 
reliable evidence-based evidence for clinical treatment.

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3327).

Methods

Document retrieval

A literature search was carried out in the CNKI, Baidu 
Academic, Weipu Medical, Wanfang Data, PubMed, 
EBSCO, Medline, and Cochrane databases. Randomized 
controlled trials (RCTs) of cochlear implants for the 
treatment of LVAD published from the establishment of 
the database to July 20, 2021 were retrieved. English search 
terms included: Large vestibular canal malformation, 
Deafness, large vestibular aqueduct, and Cochlear implants. 
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Chinese search terms included: Large vestibular aqueduct 
deformity (LVAD), Deafness, and Cochlear implant. A 
combination of subject terms and free words was applied to 
perform multiple searches to obtain reference documents 
that could be included, and then a search engine was 
used to track each document. Eventually, relevant experts 
and researchers who had published in the literature were 
contacted to obtain the latest research progress. The quality 
of the literature was evaluated by RevMan 5.3 provided by 
the Cochrane Collaboration.

Literature inclusion and exclusion criteria

Inclusion criteria were: (I) RCT design method; (II) 
imaging results showed only deformity of the large 
vestibular aqueduct; (III) subjects had sensorineural hearing 
loss; (IV) cochlear implant or follow-up for >1 year; (V) 
normal cognitive function of the patient before surgery.

Exclusion criteria were: (I) individual cases or non-
research literature; (II) not a RCT; (III) duplicate literature, 
unknown data and information or no original data.

Measurement indexes

Auditory skill, Categories of auditory performance 
(CAP), speech intelligibility rate (SIR), Word recognition 
score, Pure tone audiometry, Duration of cochlea use, 
Behavioral threshold, intracochlear resistance, speech 
detection thresholds, CNC monosyllabic word test, CUNY 
sentence test, Categories of auditory performance, speech 
intelligibility rate.

Data extraction

Two researchers used unified Microsoft Excel (Microsoft, 
USA) to independently conduct literature screening and 
data extraction, and then cross-checked them. If there were 
differences, they were resolved through discussion. The 
main extracted data included: (I) baseline bibliographic 
information such as title, name of the first author, 
published journal, and publication year; (II) baseline clinical 
information such as sex, age, and number of cases; (III) 
specific intervention measures and follow-up time; (IV) 
extraction of determination indexes.

Risk of bias assessment

The included RCTs were simultaneously assessed for bias 

risk by two researchers. Differences were resolved through 
discussion. In this study, the JADAD rating scale was 
used to evaluate literature quality. The evaluation factors 
included random sequence generation, allocation hiding, 
and blind method. The contents of the included literature 
were scored according to the JADAD scale, ranging from 0 
to 6. If the number of patients included in the literature was 
large, the degree of matching was high, the more evaluation 
indexes, the higher the score, and the higher the quality of 
the included literature.

Statistical methods

Stata SE12.0 was used for statistical analysis, with the odds 
ratio (OR) used for binary variables, and mean difference 
(MD) for continuous variables. The RevMan 5.3 bias risk 
assessment chart was used to assess the risk bias of the 
included references, and the data were sorted, filtered, and 
then input into RevMan 5.3 to draw the chart. Each effect 
was represented by a 95% confidence interval (CI). When 
P>0.01 and I2<50%, the fixed-effects model was used for 
meta-analysis, but when P<0.01 and I2>50%, the random-
effects model was used.

Sensitivity analysis

Random-effects and fixed-effects models were used to 
compare the results. According to their consistency, the 
reliability of the combined results was analyzed, and a 
funnel chart was used to determine whether there was 
publication bias.

Results

Search results and basic document information

A total of 185 documents were obtained by searching the 
database and 68 documents were obtained by searching 
the register; 53 duplicate publications, 35 unqualified 
studies and 16 rejected for other reasons were eliminated, 
leaving 149 papers. After 48 and 76 papers, respectively, 
were eliminated, 25 papers remained, of which 20 were 
excluded, comprising 13 reviews, 3 incomplete studies, and 
4 not about LVAD, leaving 5 to be included in the meta-
analysis. Figure 1 is the flow chart of literature retrieval and 
screening. 

The 5 articles included 567 patient cases. All were 
small-sample studies, with sample size ranging from 12 to 
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Figure 1 Literature screening process.
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435. The 5 articles had detailed descriptions of CAP, SIR, 
Duration of cochlea use in a deformity group and a control 
group. Table 1 shows the baseline characteristics of the 
included literature. 

Results of risk bias evaluation of the literature

Figures 2,3 are the risk bias evaluation diagram and summary 
diagram, respectively, drawn by RevMan 5.3. Of the 13 
RCTs, two (15,16) described the correct random allocation 
method, accounting for 40%. Only one article (17)  
described concealment of the allocation plan in detail, 
accounting for 20%. The remaining (18,19) did not use 
blinding, accounting for 40%.

Comparison of categories of auditory performance

There were 2 RCTs that analyzed hearing ability and 
Figure 4 is a forest plot of the random-effects model. In 
2 studies, dichotomous variables were used to describe 
hearing ability in a total of 48 cases, including 24 cases in 
the deformity group and 24 cases in the control group. For 
the heterogeneity test of the whole population, Chi2 =4.00, 
df =1, I2=75%>50%, and P=0.05. Overall analysis using a 
random-effects model showed no statistically considerable 
difference between the deformity group and the control 
group (Z=0.78, MD =−0.65, 95% CI: −2.29 to 0.98, P=0.43). 
There was no substantial difference in postoperative hearing 
ability between LVAD patients and those with normal inner 
ear structure.
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Figure 2 Evaluation of the risk bias of the included literature.
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Low risk of bias Unclear risk of bias High risk of bias

Table 1 Baseline information of the included studies

Author Year Patients (n) Deformity group (n) Normal group (n) Outcome indicators

Chen (15) 2011 435 62 373 Auditory skill

Demir (16) 2020 36 18 18 Categories of auditory performance, speech intelligibility 
rate, word recognition score, pure tone audiometry, 
duration of CI use

Jahn (17) 2020 15 5 10 Behavioral threshold, intracochlear resistance

Miyamoto (18) 2002 69 23 46 Mean length of CI use, speech detection thresholds, CNC 
monosyllabic word test, CUNY sentence test

Rachovitsas (19) 2012 12 6 6 Categories of auditory performance, speech intelligibility 
rate

Figure 5 is the funnel plot of categories of auditory 
performance. The circles and midlines included in the study 
are basically symmetrical, suggesting that the study had 
high precision, there was no publication bias, and the final 
conclusion was relatively credible.

Comparison of speech intelligibility rate 

The speech intelligibility rate was analyzed in RCTs 
and Figure 6 is the forest plot of the fixed-effects model. 
Continuous variables were used to describe the SIR in a 
total of 48 cases, including 24 cases in the deformity group 
and 24 cases in the control group. For the heterogeneity test 
of the whole population, Chi2 =1.75, df =1, I2=43%<50%, 
and P=0.19. Overall analysis using a fixed-effects model 
showed that the difference between the deformity group 
and the control group was statistically considerable (Z=3.09, 
MD =−1.03, 95% CI: −1.69 to −0.38, P=0.002). The results 
indicated there was no substantial difference between LVAD 

patients and patients with normal inner ear structure.
Figure 7 is the funnel plot of speech intelligibility rate. 

The circles and midlines included in the study are basically 
symmetrical, suggesting that the study had high precision, 
there was no publication bias, and the final conclusion was 
relatively credible.

Comparison of duration of cochlea use

Two RCTs analyzed the postoperative complications and 
Figure 8 is a forest plot of the random-effects model. 
There were a total of 105 cases, including 41 cases in the 
deformity group and 64 cases in the control group. For 
the heterogeneity test of the whole population, Chi2 =2.14, 
df =1, I2=53%>50%, and P=0.14. Overall analysis using a 
random-effects model shows no statistically considerable 
difference between the deformity group and the control 
group (Z=1.17, MD =−1.81, 95% CI: −4.86 to 1.23, P=0.24), 
The results indicated there was no substantial difference 
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between LVAD patients and patients with normal inner ear 
structure.

Figure 9 is the funnel plot of duration of cochlea use. 
The circles and midlines included in the study are basically 
symmetrical, suggesting that the study had high precision, 
there was no publication bias, and the final conclusion was 
relatively credible.

Discussion

LVAD is a common cause of severe sensorineural hearing 
loss. A few cases are mixed or conductive hearing loss in 
the early stage. Most show pre-language deafness, and 

some show post-language deafness. Studies have found 
that the vast majority of patients with LVAD-induced post-
speech hearing loss develop hearing loss of 3–4 dB/year,  
eventually progressing to severe to extremely severe 
sensorineural hearing loss (20-22). Compared with patients 
with normal inner ear structure, the probability of facial 
nerve abnormality after LVAD implantation in cochlea was 
higher. The facial nerve abnormalities were mostly anterior 
displacement, which caused the facial nerve recess to narrow 
and thus affects the exposure of the round window niche. 
It was necessary for the operator to locate the facial nerve 
according to the relatively fixed anatomical landmarks such 
as the outer semicircular canal, incus fossa, spoon process 
and cone eminence, and actively and thoroughly contour 
the facial nerve and chorda tympani nerve, so as to increase 
the width of the facial nerve recess and obtain a good 
surgical vision, thereby reducing the risk of facial nerve 
injury and the occurrence of postoperative complications 
(23,24). In this study, the efficacy of cochlear implant was 
compared between LVAD patients and deaf patients with 
normal inner ear structure. We found that a few patients 
in both groups had blowouts, and lymph fluctuation 
was clearly observed when the cochlea was drilled. After 
electrode implantation, the round window can be filled with 
temporalis fascia and muscle. The literature on blowouts 
suggests that the reason for blowout is that the patients’ 
vestibular and inner auditory canal floors have different 
degrees of communication, and a high degree of deformity 
is related to whether the vestibular aqueduct is open (25). 
Some patients may have postoperative complications such 
as vertigo, nausea, and vomiting. If timely symptomatic 
anti-inflammatory treatment is given for two days, no 
infection occurs. There was no substantial difference in the 
electrode impedance between LVAD patients and patients 
with normal inner ear structure in this analysis, which may 
be related to the tissue environment around the electrode 
and the performance of the product itself.

The hearing ability and SIR of the patients in the 
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Figure 4 Forest plot of random-effects model of categories of auditory performance.

Figure 3 Summary diagram of risk bias evaluation of the included 
literature.
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Figure 6 Forest plot of fixed-effects model of speech intelligibility rate.

Figure 5 Funnel chart of categories of auditory performance. SE, 
standard error; MD, mean difference.

0.0

0.2

0.4

0.6

0.8

1.0

S
E

 (M
D

)

–10 –5 0 5 10
MD

Figure 7 Funnel chart of speech intelligibility rate. SE, standard 
error; MD, mean difference.

Figure 8 Forest plot of random-effects model of duration of cochlea use.

two groups were analyzed and we found no substantial 
difference between patients with LVAD and deaf patients 
with normal inner ear structure, which indicates that the 
cochlear implant can be applied to LVAD patients with 
substantial clinical effect. According to Ehrmann-Müller 
et al. in 2020 (26), only 4,500 ganglion cells are needed to 
maintain SIR in cochlear implant patients. Moreover, the 
clinical efficacy of cochlear implants for LVAD patients is 
better than hearing aids. Before cochlear implant, the MRI 
and CT images of patients should be carefully examined. 
Intraoperative monitoring methods such as facial nerve 
monitor, electrically stimulated auditory evoked potential, 

and nerve response telemetry can significantly reduce the 
incidence of complications (27,28). Learning speech and 
communication require rehabilitation training after surgery 
and can significantly promote the recovery of patients’ 
hearing ability.

The JADAD score results showed that 40% of the 
literature had scores of 3–6, indicating sufficiently advanced 
quality of the studies, and the included experiments had good 
quality and high reliability. According to the funnel plot of 
listening ability, the circles and the middle line were basically 
symmetrical, suggesting high precision of the study, no 
publication bias, and a relatively credible final conclusion.
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Conclusions

In this study, LVAD patients with cochlear implant were 
set as the deformity group and patients with normal inner 
ear structure as the normal group for the meta-analysis 
exploring the efficacy and safety of cochlear implant in 
patients with LVAD. The results confirmed that with 
postoperative rehabilitation of LVAD patients with 
cochlear implantation the clinical efficacy is similar to that 
of patients with normal inner ear structure, providing an 
important basis for hearing restoration. However, this study 
also has some limitations. Some of the included literature 
did not have all the measurement indicators, and only a few 
papers mentioned individual indicators. In the future, more 
comprehensive indicators should be used for comprehensive 
analysis. In conclusion, cochlear implantation has a 
positive effect in LVAD patients, and with postoperative 
rehabilitation the effect is similar to that of deaf patients 
with normal inner ear structure. In the future, a greater 
sample size is needed to verify the effectiveness of cochlear 
implantation in patients with LVAD.
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