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Abstract 
Patients with hearing loss who underwent cochlear implantation can present symptomatic or asymptomatic vestibular damages earlier or 
later after the surgery. The vestibular permanent lesions could be acute, produced by surgical trauma or could be progressive due to local 
morphological changes made by the presence of the portelectrode in the inner ear (fibrosis related, ossification, basilar membrane distortion, 
endolymphatic hydrops). Besides histopathological findings in inner ear of cochlear implanted patients, the vestibular permanent damages 
could be found by assessment of clinical vestibular status. This study reports the sensorial vestibular functional findings for adults in cochlear 
implanted ears related to the electrode insertion type (cochleostomy or round window approach) and comparing to non-implanted deaf ears. 
A total of 20 adult patients with 32 cochlear implanted ears (12 patients with binaural cochlear implant and eight with monoaural) were 
selected for postoperatory vestibular examination by cervical and ocular vestibular myogenic potentials and vestibular caloric tests. The 
same tests were made for a control group of 22 non-implanted deaf ears. Functional testing results were reported related to the electrode 
insertion approach. For the cochleostomy group, we found different deficits: in 40% for saccular function, 44% for utricular function, and 
12% horizontal canal dysfunction. In round window group, the deficit was present in 14.29% for saccular function, 28.57% for utricular 
function, and 28.58% for horizontal canal. In 46.88% of implanted ears, the vestibular function was completely preserved on all tested 
sensors. In conclusion, the vestibular functional status after inner ear surgery presents sensorial damages in 53.12% ears compare with 
the vestibular dysfunction existing in 50% of deaf non-operated ears. Round window insertion allows for better conservation of the vestibular 
function. 
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 Introduction 

Cochlear implantation, a successful procedure to 
restore the hearing in deaf adults and children, is already 
widely used in the world. In the last years, the bilateral 
cochlear implantation became the standard especially  
in bilateral congenital profound deafness in children. 
Different pathological vestibular symptoms or damages 
were reported in cochlear implanted patients in post-
operative period or later in time. The anatomical reports 
between cochlear and vestibular spaces could prone  
the vestibular dysfunction due to cochlear implantation. 
Despite the increased interest for this topic in the last 
years, still there is a limited number of studies about 
vestibular possible consequences after cochlear implant 
surgery. 

The insertion of the electrode array may damage the 
vestibular peripheral receptor, as it is demonstrate by 
some histopatological studies [1]. Handzel et al. show 
that in 59% of the implanted bones the cochlea was 
hydropic and in the majority of study bones the saccula 
was collapsed [2]. The mechanism could be represented 

by the portelectrode insertion process inducing a cochlear 
direct trauma, as well as: perilymphatic fistula, endo-
lymphatic hydrops, intraoperative gusher, autoimmune 
reaction in inner ear caused by the presence of the 
electrode, local infectious contamination, vascular lesions 
(ischemic or hemorrhagic) or direct electric stimulation [3]. 

The vestibular aggression could be followed by a 
transitory balance disorder, but sometimes the vestibular 
damage could be permanent. For unilateral permanent 
vestibular impairment, medical treatment and vestibulary 
rehabilitation are efficient for vestibulary compensation 
in order to restore the patient’s balance [4]. If the cochlear 
implantation is performed on both ears and the vestibular 
peripheral system is bilaterally affected, the consequences 
on patient’s balance could be very serious, especially  
in children [5]. The vestibular status can be assessed 
nowadays by specific functional tests available for adults 
and children. In some rare particular cases of deaf patients 
with associate vestibular and additional injuries (genetic 
rare diseases), the vestibular assessment before the cochlear 
implant surgery could be very limited due to malfor-
mations of the ear or more complex, muscular deficits 
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(oculomotor, cervical and facial) making impossible to 
record ocular and cervical vestibular evoked myogenic 
potentials or to perform vestibular caloric tests [6]. 

As more and more patients are cochlear implanted 
every year, the number of patients exposed to vestibular 
damage risk increases. In order to limit the potential 
structural and functional inner ear damages, the medical 
and technical researchers are working on two directions: 
to create smaller and less traumatic devices and to establish 
the minimal invasive possible surgical technique [7]. In 
this regard in the last years, different authors present 
advantages and disadvantages of two possible inner ear 
approaches: cochleostomy (CO) and round window (RW) 
electrode insertion. The vestibular impairment prevalence 
due to cochlear implantation reported by different authors 
is highly variable, as well as its association with each 
insertion technique [8]. 

The aim of our study was to evaluate the status of 
vestibular peripheral sensors in cochlear implanted ears 
versus non-implanted deaf ears in adults and to analyze a 
possible correlation of postoperatory vestibular sensory 
status with the type of electrode insertion approach: 
cochleostomy and round window. 

 Patients, Materials and Methods 

In this retrospective cohort study, we included 27 
adult patients (age range 16 to 73 years, with a mean of 

42.40 years) with bilateral profound acquired hearing 
loss, excepting meningitis, post-traumatic deafness or 
otospongiosis and without any known vestibular disease 
in history. Some of them underwent surgery for cochlear 
implant for both ears (12 patients), others for one ear 
(eight patients), and the rest were not implanted (seven 
patients). From this group of patients, we selected a 
subgroup of cochlear implanted patients (32 ears with  
a mean age of 41.71 years) and a second group of non-
implanted patients (22 ears with a mean age of 42.95 
years), without any otological surgery in the past. We 
included only patients that have complete cochlear 
insertion of the portelectrode and who underwent a 
complete vestibular sensorial battery assessment with 
interpretable results for all tests. 

The cochlear implantations were done by the same 
surgeon and cochlear systems were provided by Cochlear 
(CI 24R and CI 522), MedEl (Concerto and Synchrony 
system) and Oticon/Neurelec (Digisonic SP and Digisonic 
SP Binaural). The surgical approach was classic, with 
retroauricular incision, mastoidectomy and posterior 
tympanotomy. The insertion type was the intraoperatory 
surgeon’s choice, depending of the local anatomy for 
the best placement of the electrode: through the round 
window in seven cases (sometimes was necessary to 
remove a part of the RW lip for a better view) or through 
cochleostomy in 25 cases (Figures 1 and 2). 

 

Figure 1 – Intraoperatory image of cochleostomy for 
cohlear electrode insertion (pointed by white arrow), 
performed after mastoidectomy and posterior tympanotomy 
(pointed by black arrow). 

Figure 2 – Intraoperatory image of round window 
approach for cohlear electrode insertion (pointed by white 
arrow), performed after mastoidectomy and posterior 
tympanotomy. 

 

A plain temporal bone radiography (modified Stenvers 
view) was performed for each implanted ear to verify 
the correct placement of intracochlear electrodes and 
receiver-stimulator postoperatory position. 

The time between cochlear implant surgery and the 
vestibular examinations ranged from three to 22 months. 

Each patient was assessed for vestibular status of 
peripheral sensors using the same examination protocol 
including the following tests: clinical examination of the 
ear, tympanometry, bithermal air caloric test for horizontal 
semicircular canal, cervical and ocular vestibular evoked 
myogenic potentials (cVEMP, oVEMP). 

The horizontal semicircular canal function was 
measured by vestibular caloric test, after a cardiovascular 
examination, including determination of arterial blood 

pressure, heart rate and electrocardiogram recording. 
This examination was made in order to exclude patients 
with cardiovascular diseases, preventing the risk of side 
neurovegetative reactions, which could happen along 
the vestibular caloric stimulation in adults. The caloric 
ear irrigation was performed by irrigating the external 
auditory canal with a flow of warm air at 50°C and cold 
air at 24ºC by Air Fx Caloric stimulator, Interacoustics, 
Denmark, for 60 seconds on each ear. The tests were 
made sequentially, with at least seven minutes of pause 
between. During this test, the patient was lying down with 
the head elevated at 30º reported to horizontal plane. 
The nistagmus elicited by air caloric irrigation through the 
external auditory canal was observed with an infrared 
camera and its duration and direction were recorded for 
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each run test. The tests were performed according to 
British Audiology Society guidelines [9]. 

The saccular sensorial organ activity was measured 
by cVEMP, recorded on lying down patient by sound air 
conduction stimulation, tone burst at 500 Hz at 100 dB nHL 
(decibels above normal adult hearing level) through ear 
insert phones, 2 ms duration, 5.1 stim./s, between 150 
and 200 sweeps per run. We used an Eclipse evoked 
potentials machine from Interacoustics, Denmark. To 
record ipsilateral myogenic evoked potentials, the active 
electrode was placed on the inferior third of the sterno-
cleidomastoidian muscle (SCM), the ground electrode  
on forehead, and the other two electrodes on the retro-
auricular areas. Along the sound stimulation, the patient 
was asked to contract the SCM, with the head turned on 
45º to the opposite side. For cochlear implanted patients 
during the cVEMP test, the sound processor was switched 
off. 

For the utricular sensorial organ activity, the oVEMP 
were recorded also on lying down patient by sound air 

conduction stimulation, tone burst at 500 Hz at 100 dB nHL 
through ear insert phones, 2 ms duration, 5 stim./s, between 
120 and 150 sweeps per run. Ocular VEMP are contra-
laterally evoked potentials, the active electrode was 
placed on the infraorbital area, the ground electrode on 
forehead, and the other two electrodes also on the infra-
orbital areas. During the sound stimulation and response 
recording, the patient was asked to gaze upword at 20º or 
more. For cochlear implanted patients during the cVEMP 
and oVEMP tests, the sound processor was switched off. 
The parameters for P1–N1 complex on obtained waves 
were analyzed for both cVEMP and oVEMP. 

 Results 

The analyze of the temporal bone radiography of each 
implanted ear confirmed the complete intracochlear 
insertion of the portelectrode for both approaches used 
by the surgeon: cochleostomy and round window for all 
types of implanted devices, as shown in Figures 3 and 4. 

 

Figure 3 – Skull radiography showing the 
placement of receptor-stimulator of the 
cochlear implant (under musculo-cutaneous 
flap on the right temporal bone) and bi-
lateral cochlear portelectrode insertion for 
a binaural cochlear implant. 

Figure 4 – Stenvers modified X-rays showing the placement of 
receptor-stimulator and cochlear portelectrode insertion for different 
monoaural cochlear implants (Cochlear, MedEl and Oticon). 

 

We analyzed the vestibular sensorial status by objective 
quantitative tests: caloric vestibular test for horizontal 
semicircular canal, the cVEMP for saccular function and 
oVEMP for utricular function. All mentioned sensors were 
evaluated for all patients in study groups, non-implanted 
and cochlear implanted ears. 

If we consider as vestibular damaged each ear with 
at least one sensor affected by hyporeflexia or areflexia, 
the tests for peripheral sensors show vestibular impairment 
in our non-implanted deaf group in 11 ears (50% of cases) 
and for cochlear implanted group in 17 (53.12%) ears. 
The patients with round window insertion present a bigger 
percentage of ears with at least one sensor affected 
(57.14%) comparing with the cochleostomy group (52%). 
Both subgroups present a bigger percentage of vestibular 
damaged sensors comparing with non-implanted ears 
(Figure 5). 

The normal vestibular function was considered if  
all tested sensors of an ear present normal functional 
parameters: 50% of non-implanted ears and 46.88% of 
cochlear implanted ears. The normal vestibular function 

was present in 48% for patients with electrode insertion by 
cochleostomy and 42.86% for those with round window 
insertion (Figure 5). 

The functional evaluation of lateral semicircular canal 
measured by caloric vestibular test showed that this 
sensor is the less affected one in cochlear implanted 
ears, presenting normal function in 84.38% (27) ears. A 
hyporesponsiveness of the lateral canal has been found 
in 9.38% (three) ears and areflexia in 6.25% (two) ears. 
Ocular VEMP revealed that the utricule has been the most 
injured sensor in cochlear implanted ears (40.63%), as for 
the rest of 59.38% the utricular sensor has been found 
normal. In all implanted ears with utricular impairment, 
the oVEMP was not elicited, showing a total utricular 
lost in each case. In 65.63% of cochlear implanted cases 
(21 ears), we found a normal saccular function for cochlear 
implanted ears, elicited by cVEMP. The pathological 
saccular sensors have been found for 34.38% (11) ears, 
with hyporeflexia in 9.38% of cases (three ears) and 
saccular areflexia in 25% of implanted ears (eight ears). 
The most affected vestibular sensor in our cochlear 
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implanted group was the utricle (40.63%), in all cases 
presenting areflexia. Areflexia was overall the most present 
damage for vestibular sensors in cochlear implanted ears. 

The results for lateral semicircular canal, saccular and 
utricular function are shown in Figure 6. 
 

 
Figure 5 – Vestibular function in non-implanted ears and in cochlear implanted ears with different portelectrode 
insertion: cochleostomy and round window (vestibular lesion of at least one sensor per ear). CO: Cochleostomy; RW: 
Round window. 

 
Figure 6 – Vestibular sensorial status in cochlear implanted ears: hyporeflexia and areflexia of horizontal semicircular 
canal, saccule and utricle compared to postoperatively sensorial functional preservation (n=32). 

The vestibular sensors could be differently influenced 
by different approaches for the insertion of cochlear 
implant’s portelectrode. We analyzed the vestibular 
assessment results depending of the insertion methods: 
cochleostomy and round window approach. For semi-
circular lateral canal, we found non-damaged cupular 

sensors in 88% for cochleostomy and 71.43% for round 
window technique. Hyporeflexia was the dominant 
consequence of cochlear implantation for horizontal canal 
(8% in cochleostomy and 14.29% in round window 
insertion) and areflexia was less important for cochleo-
stomy (4%) and similar with hyporeflexia (14.29%) for 



Vestibular sensory functional status of cochlear implanted ears versus non-implanted ears in bilateral profound deaf… 

 

109

round window approach. The normal saccular function 
was preserved significantly better in round window 
insertion (85.71%) than in cochleostomy cases (60%), 
which present 12% of hyporeflexia and 28% of areflexic 
saccular sensors. As mentioned above, the utricular sensors 
present only areflexia in cochlear implanted ears, for 
cochleostomy have been found a complete loss of the 
function in 44% of ears and for round window in 28.57% 
of ears. For our study subgroups of cochlear implanted ears, 
the round window approach preserved better the saccule 
and utricule and the cochleostomy was less traumatic only 
for horizontal semicircular canal (Figure 7). 

Considering the globally vestibular injury reported 
to all tested peripheral sensors of cochlear implanted 
ears depending of portelectrode insertion strategy, we 
found a better vestibular sensorial conservation for round 
window insertion which presents 76.19% normal sensors 
postoperatively, 4.76% hyporeflexia and 19.04% areflexia. 
For cochleostomy approach, we found 68% of normal 
vestibular sensors, 6.66% hyporeflexia and 25.33% 
areflexic sensors. Both hyporeflexia and areflexia presents 
increased percentages comparing with round window 
insertion (Figure 8). 
 

 
Figure 7 – Comparison of vestibular sensorial status (normal function, hyporeflexia and areflexia) for horizontal 
semicircular canal, saccule and utricle related to cochleostomy and round window insertion approaches. CO: Cochleo-
stomy; RW: Round window. 

 
Figure 8 – Vestibular function in cochlear implanted 
ears with different portelectrode insertion: cochleo-
stomy and round window (vestibular lesion of at least 
one sensor per ear). 

 Discussions 

The vestibular assessment was made respecting a time 
delay for cochlear implanted ears of at least three months 
in order to avoid some transitory vestibular injuries after 
cochlear implantation. Many patients present immediately 
after the surgery symptoms like nausea, imbalance, dizziness 
or vertigo, but often there are present for a short time due 
to internal ear trauma produced by electrode insertion. 
González-Navarro et al. found no difference in symptoms 
for the two type of insertion, but round window insertion 
could induce more vertigo symptoms that appear earlier 
after the surgery, but with less vestibular permanent 
damage [10–12]. 

We considered that in the control group of deaf patients 
the prevalence of the vestibular dysfunction should be the 
same like in the selected study group, for many cases of 
hearing loss the etiology remaining unknown. As well, the 
groups were homogeneous from the mean age perspective 
(41.71 years vs. 42.95 years), so we should not consider 
that other risk factors or diseases could be responsible 
for vestibular sensor degenerations. Thus, the increased 
number of the injured vestibular sensors in cochlear 
implanted group was assumed to be a consequence of the 
surgery. 
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In our study, the vestibular sensors of cochlear 
implanted ears were globally more affected by the port-
electrode insertion through the cochleostomy than through 
the round window. In the last years, many researchers 
published data showing the advantages of round window 
insertion which does not need to drill the basal turn of the 
cochlea reducing the surgical trauma [10, 13, 14]. Our 
results confirm the advantage of using round window 
insertion for a maximal conservation of the vestibular 
function. There are also studies showing that the results 
of vestibular tests were not significantly different before 
and after cochlear implant (CI) surgery between the 
cochleostomy and round window groups [15]. 

For the horizontal semicircular canal, we used the 
caloric vestibular test, but the results depend on the 
integrity of the middle ear, especially after the cochlear 
implant surgery. In our cases, it was no patient reported 
with postoperatively middle ear complications. The 
tympanometry performed before the caloric test showed 
normal parameters for each case included in the study. 
The lateral semicircular canal seems to be the most 
respected sensor by the cochlear implant surgery for our 
patients, in over 84% of implanted ears the function was 
found normal. Moreover, the same sensor presents the 
smaller number of ears with areflexia (two cases) – 6.25% 
and the hyporeflexia was identified in the same amount 
like in saccular deficit – 9.38% (three) implanted ears. For 
horizontal canal preservation, the cochleostomy could be 
more sure than the round window approach, but on the 
other hand the risk of globally vestibular damage could 
be increased. Batuecas–Caletrio et al. described by video 
head impulse test postoperative change in vestibular 
function in 30% of cochlear implanted ears and they 
suggest that round window approach should be 
recommended for less inner ear trauma [14]. In other 
study, Krause et al. showed a significant postoperatory 
worsening of the caloric response in 32% of patients 
[16]. 

Saccular sensors evaluated by cVEMP testing revealed 
a less altered function compared with utricular sensors 
and more injured related to horizontal semicircular canal. 
For the cochlear implanted affected ears, the saccular 
areflexia was significantly much more present than saccular 
hyporeflexia (25% vs. 9.38%). This conclusion confirms 
other author’s results [13, 17]. The round window insertion 
way should be more secured for saccular sensors than the 
cochleostomy method [14]. 

For the utricular damaged sensors in cochlear implanted 
ears, the oVEMP were not obtained at all, suggesting 
utricular areflexia; this sensor could be more sensitive to 
the trauma compared to the others. For some monoaural 
cochlear implanted patients with utricular areflexia on 
the implanted ear, we found a normal utricular function 
on the contralateral ear. Thus, we could presume that  
for these patients at least the utricular sensors could be 
considered to be damaged by the cochlear implantation 
surgery. From our data, the round window insertion would 
be better tolerated by utricular sensors, which present  
a less important damage (28.57%) comparing to the 
cochleostomy (44%). 

The differences between functional vestibular status 
of implanted versus non-implanted ears described in our 

study cannot be favored by other factors as presby-
vestibulopathy or other damages produced by the age, 
both groups of patients having similar mean ages: 41.71 
years for non-implanted group and 42.31 years for 
implanted group. 

The vestibular symptoms and permanent damages 
induced by the cochlear implant surgery could be a 
consequence of different histopathological changes of 
the inner ear elements, but it was shown that there are 
not evidences of the vestibular nerve injury [2]. For 
vestibular injured patients by cochlear implantation the 
compensation process could evolve spontaneously or by 
vestibular rehabilitation [18, 19]. 

The cochleostomy and the round window approaches 
could influence, apart the vestibular function, the audio-
logical outcomes of the patient. The scalar placement of 
intracochlear portelectrode is very important in relation 
with local histopathological damages, especially in cases 
with residual hearing and also with auditory performance. 
Brendan et al., in a review study, emphasize the impact 
of surgical approach, electrode design, and insertion depth 
on auditory results: electrode insertions into the scala 
tympani are associated with superior speech perception 
and higher rates of hearing preservation. The round 
window and extended round window approaches appear 
to maximize the likelihood of a scala tympani insertion 
[1]. In the same time, the electrode placement into the 
cochlea reported to lateral wall and to modiolus 
influences the cochlear implant fitting parameters with 
impact on audiological results [20]. In this regard, the 
vestibular impact of this preferable approach through 
the round window should be very well studied. 

Our study focused on the status of the vestibular 
sensors in non-implanted and implanted ears has a limit 
concerning the vestibular damages induced by cochlear 
implantation, because we compared groups of implanted 
and non-implanted ears (including contralateral non-
implanted ears of unilaterally implanted patients). A 
following study will appreciate the vestibular impact of 
cochlear implant surgery using preoperatory and post-
operatory vestibular evaluation exclusively on the implanted 
ears. 

However, in our study we followed-up all quantitative 
measurable sensors (horizontal canal, the saccule and 
the utricle) and compared their status in the main actual 
strategies used for portelectrode insertion. 

There are wide discrepancies in clinical results regarding 
the sensorial deficits found by different studies [8]. In 
Table 1, there are comparative levels of deficits in different 
studies [21–25]. For lateral semicircular canal, the deficit 
was reported between 19% to 93%, while for saccular 
deficit, very rarely reported, the deficit widely varies 
between 21% and 100% in different studies [26–33]. 

The vestibular sensorial status after cochlear implant 
is much more important for children than for adults, 
since they are nowadays implanted at a very early age, 
even before walking. Wiener-Vacher reports that the use 
of round window approach could induce a vestibular 
impairment in 10% of implanted children, close to results 
published by Todt et al. (13%) and significantly lower 
than 50% in children with cochleostomy. The round 
window insertion and the sequential bilateral implantation 
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would be recommended in order to prevent the bilateral 
vestibular loss [31]. 

Table 1 – Vestibular deficit findings in cochlear 
implanted patients reported by different studies for 
vestibular sensors (lateral semicircular canal and 
saccular deficit) 

Study 
No. of 

enrolled 
patients 

Lateral 
semicircular canal 
deficit (ENG/VOG 

caloric test) 

Saccular 
deficit 

(cervical 
VEMP) 

Basta et al., 2008 18 NA 100% 

Brey et al., 1995 17 40–43% NA 

Enticott et al., 2006 86 32% NA 

Filipo et al., 2006 14 93% NA 

Fina et al., 2003 66 56% NA 

Huygen et al., 1995 13 31% NA 

Ito, 1998 24 38% NA 

Jin et al., 2006 6 NA 100% 

Mangham, 1987 9 44% NA 

Szirmai et al., 2001 60 23% NA 

Todt et al., 2008 35/28 19% 21% 

Krause et al., 2010 30 50% 86% 

Nair et al., 2016 20 45% 95% 

Krause et al., 2009 47 55% NA 

Krause et al., 2009 25 80% 83% 

Abouzayd et al., 2017 957 28–60% 38–63% 

ENG: Electronystagmography; VOG: Video-oculography; VEMP: Vesti-
bular evoked myogenic potentials; NA: Not available. 

 Conclusions 

Cochlear implantation represents an important risk 
factor for injury of the peripheral vestibular receptors. Our 
study revealed significant vestibular changes on cochlear 
implanted ears vs. non-implanted deaf ears. We can affirm 
that in our implanted patients the global vestibular lesions 
were less important for round window approach compared 
with cochleostomy electrode insertion. Using minimally 
invasive surgical techniques, like round window insertion 
approach, and also less traumatic devices for inner ear, 
the conservation of vestibular sensory function will be 
improved in the advantage of cochlear implanted patient’s 
balance. However, the potential of permanent damage of 
some vestibular structures with clinical vestibular impact 
should be discussed with patient before surgery. 
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