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How Does Cochlear Implantation Affect 
the Contralateral Vestibular System? 
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Abstract: Cochlear implantation has been performed for 16 years by investigators at Sem
melweis University. During this period, different types of cochlear implants have been used 
and, in 30% of cases, hearing was observed to be restored in the nonimplanted ear. In addition 
to contralateral hearing improvement, significant improvement was observed in the caloric re
sponsiveness of the nonoperated labyrinth. The preoperative median value of the average 
slow-phase velocity of the caloric test increased, and the increase was statistically significant 
on the contralateral side. The reason for this caloric response improvement is unclear, although 
possible explanations are brain plasticity or presently obscure trophic influence on the vestib
ular system. Whereas the role of brain stem function in the improvement of the contralateral 
ear's caloric response remains unclear, it is also possible that hearing impulses affect the lab
yrinth. Clearly, the influence of cochlear implants on vestibular function requires further in
vestigation to explain the improvement of contralateral vestibular responsiveness. 
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D uring the last decades, cochlear implantation 
has become the treatment of choice for pro
foundly deaf adults and children who obtain 

little or no benefit from conventional hearing aids. A 
few patients with a cochlear implant have only some 
auditory sensations, but the star patients are able to un
derstand conversations without lip reading and can 
even use a telephone or enjoy music. There are many 
factors contributing to a patient's postoperative perfor
mance: etiology of deafness, age, social background, 
individual differences of cochlear nerve populations, 
technical details of surgery, speech processing, and the 
like . With increasing numbers of patients and newer 
generations of implants, however, implanting teams 
have more to report on various aspects of cochlear 
implantation [1]. 

Although many patients with profound bilateral sen
sorineural hearing loss have an associated weak or non
functional vestibular system, sometimes the vestibular 
system remains intact. Cochlear implant candidates 
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may also have normal vestibular function. Several au
thors have reported the preoperative and postoperative 
vestibular function in cochlear implant patients, but the 
changes of caloric responsiveness are rare topics for re
search papers. We previously reported our experiences 
with different cochlear implants and vestibular function 
changes of the implanted side [2-4]. In this study, we 
describe contralateral changes in hearing and vestibular 
responsi veness. 

PATIENTS AND METHODS 

Since 1985 at Semmelweis University, cochlear im
plantation has been a routine operation for total deaf
ness. During this period, 135 cochlear implantations 
were performed on 119 patients. Of these patients, 60 
were male, and 59 were female; 68 were adults and 51 
children. The mean age was 28.6 years (22 months to 
68 years) . Intracochlear implantation was performed in 
101 ears (including reimplantations), and extracochlear 
promontory and round window implantation was per
formed in 34. 

Seventy-seven patients were prelingually deaf, 
whereas the others had postlingual deafness. The cause 
of deafness was unknown in 42%, and the other pa
tients were deaf because of purulent meningitis, skull-
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Figure 1. Hearing improvement of contralateral ear. 

base fracture, ototoxic drug administration, viral infec
tion, and revision stapes surgery. 

Every patient's hearing was measured before the im
plantation. Most of them were completely deaf, but 
none had usable hearing. Each patient's hearing thresh
old was routinely checked 3 months postoperatively 
and, after that, every 3 months. The hearing examina
tions were performed on both the implanted and the 
contralateral side. Sixty patients had detailed vestibular 
examinations before the operation. The rest were young 
children or were not cooperative during the perfor
mance of vestibular examination. 

In all patients (except children younger than 5 
years), the vestibular system was examined prior to sur
gery. The method of detailed vestibular examination 
was reported previously [5,6]. During the last 5 years, 
we have examined totally deaf patients by the computer
based electronystagmography (ENG) system. This sys
tem includes software for numerical analysis of nystag
mus, especially slow-phase velocity. All postoperative 
examinations after implantation were made by the com
puterized ENG system. Changes of the average slow
phase velocities (ASPVs) of caloric nystagmus were 
statistically analyzed. 

RESULTS 

Contralateral hearing improvement was measured in 41 
cases in the year after implantation. Seventeen patients 
experienced 10 dB of hearing improvement, and 7 pa
tients experienced a 20-dB improvement (Fig. 1) . Three 
patients each experienced 30- and 40-dB hearing 
improvement and, in 11 patients, more measurable fre
quencies could be observed on the threshold audio
gram. These results indicate recovery of hearing in a 
previously totally deaf ear. Most of these hearing im
provements could be seen in patients using newer types 
of implants (MedEl Combi 40, 40 + ), but three patients 
had earlier types of implants (Nucleus, Hortman, Ban
fai). One patient underwent bilateral implantation, the 
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Figure 2. Average slow-phase velocity (ASPV) changes in 
caloric responses after cochlear implantation on the implanted 
and the contralateral side. (Preop. impl .= preoperative ASPY 
of implanted side; Postop. impl. = postoperative ASPY of im
planted side; Preop. contra. = preoperative ASPY of con
tralateral side; Postop. contra. = postoperative ASPY of 
contralateral side.) 

first operation in 1999 and the second 1 year later. Her 
hearing and speech discrimination are excellent without 
lip reading. 

No hearing improvement was measured in 57 pa
tients and, in 19 cases (last implants), there was insuffi
cient time after surgery to control hearing. 

A normal vestibular system was observed in 25% of 
patients preoperatively. Bilateral loss of function was 
found in 47%. Unilateral canal paresis was registered in 
15%, and directional preponderance-a characteristic 
of central vestibular lesions-was found in 13% of 
cases. Postoperatively, only 10 patients had mild ver
tigo lasting 3-4 days. Vestibular function was checked 
after the operation. Postoperatively, the labyrinth func
tion changed in 60%; in 40%, the vestibular function 
remained intact. In 28% of patients, the vestibular re
sponsiveness of the operated ear decreased, whereas in 
32%, the postoperative vestibular responsiveness im
proved on the implanted side. The bilaterally implanted 
patient had unilateral weakness and severe unsteadi
ness, which disappeared after surgery (normal , sym
metrical caloric responses and normal results in the 
Romberg and blind walking tests) . 

What follows is a detailed discussion of our most re
cent 10 patients in whom pre- and postoperative vestib
ular examinations were similarly performed by the 
computer-based ENG system. The postoperative test
ing was performed from 4 to 30 weeks after surgery 
and did not reveal any spontaneous nystagmus or ab
normal statokinetic test results. The preoperative me
dian value of the ASPVs of the caloric test in 10 pa
tients was 11 degrees per second (lower quartile, 5.5; 
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upper quartile , 18 .0), and the postoperative mean value 
of ASPYs was 18.0 degrees per second (lower quartile , 
6.0; upper quartile, 30.0) . The increase is statistically 
significant. Between the preoperative and postoperative 
ASPV values , a significant correlation can be found. 
The ASPY value changes are not significant on the op
erated side but are significant on the contralateral side 
(Fig. 2) . The correlation between preoperative and 
postoperative ASPV values is not significant on the op
erated side but is on the contralateral side. The values 
demonstrate the increase in the slow-phase velocity, 
meaning that the caloric responsiveness improved on 
the contralateral side. 

CONCLUSIONS 

On several occasions, we reported our observation of 
contralateral hearing improvement after cochlear im
plantation. The improvement may be explained in sev
eral ways (e .g., a presently obscure trophic influence of 
the efferent olivocochlear system in regeneration of the 
inner ear cells ' afferent innervation or the plasticity of 
the brain). Chronic electrical stimulation on one side 
may affect both ears and might result in regeneration of 
auditory pathways. However, the underlying mecha
nism remains obscure in cases of contralateral hearing 
improvement after cochlear implantation. It is advis
able to check the threshold every 3 months because 
there is continuous improvement in some patients. If a 
combination of cochlear implant, hearing aid , and lip 
reading were provided , 90-100% speech discrimination 
could be achieved in most affected patients. In our 
opinion, bilateral cochlear implantation is indicated 
only if contralateral hearing improvement cannot be 
demonstrated 6 months after the initial operation; there
fore , at least half a year 's waiting time is required be
tween the two implantations. 

In most of our cases , atraumatic surgical technique 
during electrode insertion avoided diagnosable impair
ment of any vestibular responsiveness of the operated 
ear. The reason for the caloric response improvement is 
not clear. In a few patients, the function improved not 
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only in the operated ear but in the contralateral ear. 
Possibly , this contralateral improvement was caused by 
brain plasticity or presently obscure trophic influence 
on the vestibular system. The mastoidectomy , being a 
part of cochlear implantation , might change the respon
siveness of the horizontal canal to caloric stimuli on the 
operated ear but not on the contralateral side. The role 
of brainstem function in the improvement of contralat
eral caloric response is not yet clear. It is also possible 
that the influence of hearing impulses affects the laby
rinth. Clearly, the influence of cochlear implants on 
vestibular function requires further investigation if we 
are to understand the improvement of contralateral ves
tibular responsiveness. 
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