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ABSTRACT

ARTICLE HISTORY

Objective: To assess the effect of cochlear implantation on the function of the semicircular canals (SCC)
and on experienced vestibular symptoms. Second, to determine the relation between vestibular
test results.
Design: Retrospective cohort study assessing absolute and categorised results of caloric irrigation test,
video Head Impulse Test (vHIT) and Dizziness Handicap Inventory (DHI) before and after cochlear
implantation.
Study sample: 192 patients, aged 7 years old, without preoperative areflexia.
Results: Mean maximum slow phase velocity decreased with 3.1 /s and 4.7 /s for warm and cold caloric
irrigation respectively. About 37.4% of the patients deteriorated one or more categories on caloric testing.
Complete caloric postoperative areflexia was found in 6.2%. Mean vHIT gain decreased with 0.06, 0.04
and 0.05 for anterior, lateral and posterior SCC, respectively. Seven patients (7.7%) acquired an abnormal
gain value for the anterior SCC. Only mean score on DHI’s physical subdomain rose significantly
(1.4 points). Overall, 9.0% of the patients deteriorated one or two categories on DHI. Only few weak correlations were found between caloric test, vHIT and DHI shifts.
Conclusions: Although mean objective and subjective-physical vestibular deteriorations were significant,
its clinical impact seems limited. However, 9% of patients experience vestibular deterioration, thus, advocate assessment. Vestibular test results show no or merely weak mutual correlations.
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Introduction
After Djourno and Eyries’s auditory implantation in 1957
(Djourno and Eyries 1957), methods and implantable hearing
devices for deaf patients have been improved and nowadays
many adults and children benefit from cochlear implantation.
Initially, vestibular function was not a factor of interest and
cochlear implantation was generally considered safe. However, in
a recent systematic review, a reduction of vestibular function,
assessed with caloric testing, was reported in 37% of the
implanted patients (Kuang, Haversat, and Michaelides 2015).
Yet, many studies do not take into account the experienced
impact on daily life. The Dizziness Handicap Inventory (DHI) is
a widely used questionnaire that assesses subjective functional,
physical and emotional handicaps, induced by possible balance
problems (Jacobson and Newman 1990). However, the correlation between subjective vestibular symptoms and objective clinical data seems to vary (Mutlu and Serbetcioglu 2013). In 2017, a
systematic review and meta-analysis were performed to determine which vestibular assessment should be performed to evaluate vestibular function after cochlear implantation (Abouzayd
et al. 2017). Only a few studies used a standardised questionnaire
(e.g. DHI) and the methods of vestibular testing often differed.
Although the caloric irrigation test is a relatively easy and widely
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used clinical test to assess vestibular function, it also has its limitations. This test only measures the function of the lateral semicircular canal (SCC). Besides, between-subject differences in
maximum slow phase velocity (MSPV) of the nystagmus in
healthy individuals show a wide range, probably because of variations in anatomy or test execution (Curthoys 2012). Uniform
reference values and classifications for vestibular deterioration
are lacking. Furthermore, the caloric irrigation test mainly
encompasses very low frequency stimulation of the human vestibular system (Shepard and Jacobson 2016). In contrast, the
Head Impulse Test (HIT) examines all SCCs and tests the sensitivity of the vestibular system for higher frequencies (Alhabib
and Saliba 2017). It measures the vestibulo-ocular-reflex (VOR)
by observing eye movements in response to short head accelerations performed in such a way that only one specific SCC is activated. Since the introduction of the video HIT (vHIT), a more
accurate and quantified observation of the VOR can be obtained
and even covert saccades can easily be recognised (Ulmer and
Chays 2005; Weber et al. 2009; Blodow et al. 2013). Recent studies have investigated the effectiveness of this VOR test in patients
with different vestibular pathologies and results are promising
(Alhabib and Saliba 2017). However, data on the value of this
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test for the assessment of vestibular function in patients who
received a cochlear implant (CI) are limited.
The aim of this study is to evaluate the impact of cochlear
implantation on vestibular function, by comparing pre- and postoperative objective data consisting of conventional low-frequency
caloric irrigation, high-frequency vHIT and subjective data
obtained by using the DHI questionnaire. Furthermore, this
study aims to investigate the relation between these different tests.

Materials and methods
Patients and inclusion criteria
All patients who underwent (routine) vestibular testing before
and after receiving a CI at our hospital between 2010 and 2017
were selected. Patients younger than 7 years of age and patients
with definite preoperative areflexia in the operated ear were
excluded. The former because VOR gain is highly dependent on
age below 6 years of age and intra-individual VOR gain variability appears to be relatively high below 7 years of age (WienerVacher and Wiener 2017). In patients undergoing (sequential)
bilateral implantation, only data regarding the first implantation
were considered. All data were retrospectively collected from
patients’ medical records. The procedures in this investigation
were in accordance with legislation (the Medical Research
Involving Human Subjects Act) and ethical standards on human
experimentation in the Netherlands.
Vestibular assessment
According to standard procedures, all included patients underwent oculomotor tests (i.e. smooth pursuit, saccades, optokinetic
nystagmus, spontaneous nystagmus and gaze testing), to exclude
central lesions, followed by specific vestibular assessment, i.e.
vHIT, rotatory chair test (“velocity step”), bithermal caloric irrigation tests, and the DHI questionnaire. Except for vHIT, all eye
movements were recorded using electronystagmography. Data of
the caloric irrigation and rotatory chair tests were obtained and
analysed using BalanceLab 2.0.0 (Ekida GmbH, Buggingen,
Germany). Velocity step test was performed as previously
described (Oonk et al. 2015). Caloric irrigational testing was performed using Variotherm (Atmos Medizin Technik GmbH,
Lenzkirch, Germany) by applying cold water of 30  C and warm
water of 44  C in each external auditory canal for 30 s. The
MSPV of the nystagmus was subsequently determined for each
condition and analysed. Caloric irrigations were performed in a
fixed order: warm followed by cold irrigation and when applicable started with the subjective worst side. vHIT was performed

using the vHIT Ulmer Evolution (Synapsys, Marseille, France).
This device consists of a motorised camera on a monopod placed
at 0.9 m in front of the patient’s eyes, capturing eye movements
in relation to head movement with a video sampling rate of
100 Hz. To focus on calibrated points, three small red dots were
presented on the wall, at central gaze and at 20 left and right.
Performing the vHIT yielded the (mean) gains of the VOR for
the six SCCs (i.e. right anterior, left anterior, right lateral, left lateral, right posterior and left posterior), which were calculated by
dividing the velocity of the eyes (degrees/second) by the velocity
of the head (degrees/second). A validated translation of the DHI
was used to assess vestibular function subjectively (Vereeck et al.
2007). This yielded scores on the emotional, functional and physical domain and an accumulated total score. A higher DHI score
indicates more (severe) symptoms.
Analysis
Data was analysed using IBM SPSS Statistics for Windows Version
22 (IBM Corp., Armonk, NY). The level of significance was defined
at 5%. The last preoperative and first postoperative vestibular tests
were included in the analyses. A paired Student’s t-test was used to
analyse differences in absolute pre-operative and post-operative outcome of the vestibular tests. Individual vestibular function was
defined according to different categories for each assessment, as
shown in Table 1. DHI scores were categorised according to
Whitney et al. (2004) and vHIT categories were based on manufacturer’s normative data. Vestibular preponderance (unilateral weakness) on the caloric test was determined using Jongkees’ formula
(Jongkees and Philipszoon 1964), with an absolute value of more
than 20% considered as abnormal. The sign test was used to determine the significance of categorical shifts.
For caloric irrigation testing, best responses (either warm or
cold) were used for categorical allocation, pre- and postoperatively per side. Since the normal range for caloric testing is
known to be very wide, an additional analysis was performed to
avoid underestimation of individual caloric deterioration, by
dividing the normal caloric category into two subcategories
(warm irrigation: MSPV 10–30 /s normal-lower-half and MSPV
31–52 /s normal-upper-half; cold irrigation: MSPV 7–18 /s normal-lower-half and MSPV 19–31 /s normal-upper-half).
Additionally, contralateral deterioration of more than one caloric
category was calculated, in order to account for individual nonCI-related vestibular deterioration in interpreting the results.
Definite areflexia was defined as MSPV of caloric responses
 4 /s for warm caloric irrigation and/or  3 /s for cold caloric
testing in combination with short time constants, i.e. tau  3 s
obtained with rotary velocity step chair testing. The latter prerequisite was added to minimise the chance that low/absent

Table 1. Normative ranges of vestibular outcomes and category definitions.
DHI
Caloric test
Warm (44  C)
Caloric test
Cold (30  C)

Mild handicap
(total score: 0–30)
Areflexia
(MSPV 0–4  /s)
Areflexia
(MSPV 0–3  /s)

Moderate handicap
(total score: 31–60)
Hyporeflexia
(MSPV 5–9  /s)
Hyporeflexia
(MSPV 4–6  /s)

vHIT
ASCC&PSCC
vHIT
LSCC

Abnormal
(gain < 0.7)
Abnormal
(gain < 0.8)

Normal
(gain  0.7)
Normal
(gain  0.8)

Severe handicap
(total score: 61–100)
Normal
(MSPV 10–52  /s)
Normal
(MSPV 7–31  /s)

Hyperreflexia
(MSPV > 52  /s)
Hyperreflexia
(MSPV > 31  /s)

DHI: Dizziness Handicap Inventory; vHIT: video Head Impulse Test; MSPV: maximum slow phase velocity; ASCC: anterior semicircular canal; PSCC: posterior semicircular canal; LSCC: lateral semicircular canal. The italic values indicate the ranges pertaining to
each category.
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responses on caloric testing were only the result of
poor irrigation.
Spearman’s rank correlation coefficients (rs) were calculated
to determine the correlation between the pre- and postoperative
changes of the different tests (caloric test, vHIT and DHI). This
test was also used to determine whether gender, side of implantation, age of implantation and/or timing of postoperative assessment were correlated with these changes. The correlation of age
of implantation was also separately tested for patients younger
than 18 years of age and for patients of 18 years and older.
Significant correlations were divided into weak (rs  0.3), moderate (0.3 < rs  0.7) and strong (rs > 0.7) correlations.

Results
One hundred ninety-two patients with pre- and postoperative
vestibular test results were included in this study (six other
patients were excluded because of pre-existing definite areflexia).
This comprised 83 males (43.2%) and 109 females (56.8%). One
hundred right ears (52.1%) and 92 left ears (47.9%) were
implanted. The mean age at implantation was 53.4 years (range
7.1–84.3 years). Patients had postoperative vestibular testing at a
mean follow-up interval of 7.9 months (range 1.2–45.1 months;
79% of the patients was tested within the first postoperative
year). Mean test results are presented in Table 2.
Objective and subjective vestibular deterioration
Caloric irrigation
Paired data of warm and cold caloric tests were available for 172
and 152 patients respectively, comprising a total of 179/192
patients. Mean MSPV of warm and cold irrigation testing
decreased with 3.1 /s and 4.7 /s, respectively (Table 2). This is
reflected by the regression lines in Figure 1(A). A majority of
patients showed a postoperative deterioration in MSPV.
Contralateral ears showed no significant mean change for either
warm (p ¼ 0.99) or cold (p ¼ 0.13) caloric irrigation testing.
Three patients deteriorated two categories (5-category scale) in
the contralateral ear: one deteriorated to areflexia and the other
two patients deteriorated to the lower half of the normal category. No patients deteriorated more than two categories in this
ear. Ipsilaterally, 35 patients (19.6%) showed a decrease of one or
more categories postoperatively, when the best value (warm or
cold) of the four caloric categories of Table 1 was applied
(Table 3(A)). However, by using the 5-category scale, the number of deteriorating patients is almost twice as high (i.e. 67
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patients, 37.4%; Table 3(B)). The deterioration within the normal
group was significant (Sign test, p < 0.001). 11 patients (6.2%)
acquired caloric areflexia postoperatively and 24 patients (14.3%)
dropped from normal or hyperreflexia to hypo- or areflexia.
Differences between the pre- and postoperative caloric diagnoses
were significant (Sign test, p < 0.001). Taking into account velocity step test results, eventually four patients (2.2%) developed
definite areflexia after implantation. Furthermore, 26.1% of the
patients acquired vestibular asymmetry.
vHIT
The vHIT was performed in 104 patients pre- and postoperatively. For 13 patients, only VOR gains of the lateral SCC were
available. Table 4 shows the categorical pre- versus postoperative
VOR gain. For both anterior and posterior SCC, seven patients
(7.7%) acquired abnormal VOR gain, eight patients (7.7%)
moved to abnormal for the lateral SCC. Only the pre- versus
postoperative difference for the anterior SCC was significant
(Sign test, p ¼ 0.016). vHIT diagnoses of 15 patients (14.4%)
showed a deterioration of one or more SCCs.
Individual vHIT data are shown in Figure 1(B–D). Mean gain
dropped minimally for all three SCCs (Table 2). This minimal
decrease is reflected in the regression lines for each SCC.
DHI
Paired DHI data were available for 144 patients. Total DHI
score, as well as the score on the functional or emotional domain
did not change significantly after cochlear implantation. In contrast, the DHI score on the physical domain revealed a statistically significant increase of 1.4 points (Table 2). Categorical
comparison of the (total) DHI score is shown in Table 5. A significant number of patients (n ¼ 13, 9.0%) showed an increase of
symptoms of dizziness, resulting in a change of one (n ¼ 12) or
two (n ¼ 1) categories, while 4 patients (2.8%) revealed a categorical decrease of symptoms (Sign test, p ¼ 0.049).
Correlating factors
Changes in vestibular tests were not correlated with gender, side
of implantation and generally not correlated with age of implantation and timing of postoperative assessment (p > 0.05). Age of
implantation was only weakly correlated with the shift in vHIT
VOR gain for the anterior (rs ¼ 0.21, p ¼ 0.049) and lateral
(rs ¼ 0.27, p ¼ 0.005) SCC and shift in DHI physical subdomain
score (rs ¼ 0.16, p ¼ 0.049), while for the length of follow-up

Table 2. Mean changes in vestibular test results after cochlear implantation.

Test
DHI
Score
Caloric
MSPV [ /s]
vHIT
Gain

Mean
differenceD
(95% CI)

N
Total
Functional
Emotional
Physical
Warm
Cold
ASCC
LSCC
PSCC

144
144
144
144
172
152
91
104
91

þ1.9
þ0.5
0.0
þ1.4
3.1
4.7
0.06
0.04
0.05

(0.4, 4.1)
(0.3, 1.3)
(1.0, 1.0)
(0.6, 2.1)
(5.1, 1.1)
(6.1, 3.4)
(0.10, 0.01)
(0.07, 0.01)
(0.08, 0.01)

Mean
pre-CI
(SD)
09.2
03.7
02.9
02.6
18.0
17.0
0.98
0.97
0.85

(13.8)
(5.6)
(5.2)
(4.4)
(12.9)
(10.5)
(0.11)
(0.11)
(0.21)

Mean
post-CI
(SD)
11.0
04.2
02.9
04.0
14.9
12.3
0.92
0.93
0.81

(16.0)
(6.3)
(5.8)
(5.4)
(11.4)
(8.4)
(0.22)
(0.18)
(0.27)

p Value
0.102
0.228
1.000
0.001
0.003
<0.001
0.011
0.014
0.019

Note that in this study patients with pre-existing areflexia were excluded (n ¼ 6).
DHI: Dizziness Handicap Inventory; vHIT: video Head Impulse Test; MSPV: maximum slow phase velocity; ASCC: anterior semicircular canal; LSCC: lateral semicircular
canal; PSCC: posterior semicircular canal; CI: cochlear implant; 95%CI: 95% confidence interval; SD: standard deviation.
D positive change indicates more postoperative symptoms, negative change indicates less vestibular reactivity. p < 0.05. The italic values indicate the 95% confidence interval.
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Table 3. Categorical comparison of caloric test results pre- and postimplantation.

Post-implantation

Post-implantation

hyporeflexia

normal

hyperreflexia

A. ASCC

areflexia

A

Table 4. Categorical comparison of video Head Impulse Test results pre- and
post-implantation.

areflexia

1

0

0

0

1

hyporeflexia

5

5

2

0

12

normal

4

18

129

3

154

hyperreflexia

2

0

6

4

12

abnormal

4

3

7

12

23

137

7

179

normal

8

89

97

12

92

104

abnormal

normal

abnormal

normal

abnormal

1

0

1

normal

7

83

90

8

83

91

abnormal

normal

Pre-implantation

Pre-implantation

Total
B. LSCC

Total

Pre-implantation

B

Total
areflexia

1

0

0

0

0

1

C. PSCC

hyporeflexia

5

5

2

0

0

12

Pre-implantation

normal-lower

4

17

74

5

1

101

abnormal

11

1

12

normal-upper

0

1

32

18

2

53

normal

7

72

79

hyperreflexia

2

0

3

3

4

12

18

73

91

12

23

111

26

7

179

(A) Crosstabs based on four categories; (B) crosstabs based on five categories.
Dark shaded subjects show a postoperative deterioration.

interval only a weak (negative) correlation was found with the
anterior SCC VOR gain (rs ¼ 0.22, p ¼ 0.038). When the 18
patients younger than 18 years of age were excluded from the
correlation analysis regarding age of implantation, still weak to
moderate correlations were found; with the shift in vHIT VOR
gain for the lateral (rs¼0.35, p ¼ 0.001) and posterior (rs ¼ 0.28,
p ¼ 0.013) SCC and with shift in DHI physical subdomain score
(rs¼0.20, p ¼ 0.021).

Correlation between vestibular assessments
Correlation analysis between pre- and postoperative differences
of the caloric test (warm and cold MSPV), vHIT (gain for anterior, lateral and posterior SCC) and DHI (functional, emotional,
physical and total score) results showed only few significant correlations. Merely weak correlations were found between the
warm irrigational caloric test and either the vHIT gain on the
lateral (rs¼0.30, p ¼ 0.003) or the posterior SCC (rs¼0.25,
p ¼ 0.024) and also between the cold irrigational caloric test and
the physical subdomain of DHI (rs¼0.19, p ¼ 0.038). Moderate
correlations were found between gains of the several SCCs
(anterior, lateral and posterior) mutually (rs¼0.37–0.44,
p  0.001) and also between the DHI domains mutually
(rs¼0.47–0.65, p < 0.001). Other correlations were not statistically
significant (Table S1, Supplemental Material).

Total

(A, B, C) For the respective ASCC: anterior semicircular canal, LSCC: lateral semicircular canal and PSCC: posterior semicircular canal. Dark shaded subjects show
a postoperative deterioration.

Discussion
This study investigated the effect of cochlear implantation on
vestibular function by retrospectively comparing pre- and postoperative results of the caloric irrigational test, vHIT and DHI.
For each assessment, categories were defined to compare the
pre- versus postoperative vestibular function. Although mean
changes for the whole group were minimal, the present findings
show evidence of vestibular deterioration in a substantial group.
In 6.2% of the patients, cochlear implantation led to caloric areflexia and 26.1% of the patients acquired vestibular asymmetry.
Furthermore, in 8% of the patients the anterior SCC deteriorated
on vHIT (while the other SCCs showed a similar trend). Mean
DHI score on the physical subdomain increased statistically significant, albeit merely 1.4 points. Different studies have reported
a range from 3 to 18 points difference as clinically significant
(Jacobson and Newman 1990; Friscia et al. 2014). Therefore, we
considered these small mean changes on DHI as not clinically
relevant. However, still a small but significant number of patients
(13/145) deteriorated one or more categories, as their subjective
responses showed a change from mild to moderate or severe
handicap. Caloric irrigation, vHIT and DHI tests seem not or
only weakly correlated to each other in detecting postoperative
changes due to cochlear implantation.
A deterioration of mean caloric response after cochlear
implantation was also found in a recent meta-analysis across 19
heterogeneous studies (Ibrahim et al. 2017). Although, in the
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Figure 1. Individual changes on the caloric test (A) and video Head Impulse Test (B–D) before and after implantation. (A) Change in MSPV for warm (light grey dots
with striped regression line) and cold (dark grey squares with continuous regression line) caloric irrigation. Horizontal and vertical dashed lines indicate lower normative MPSV values for warm (10 /s) and cold (7 /s) irrigation. (B–D) Change in gain for anterior (B), lateral (C) and posterior (D) SCC, with corresponding regression
lines. Shaded areas show subjects with absolute deterioration. MSPV: maximum slow phase velocity. SCC: semicircular canal.

Table 5. Categorical comparison of DHI results.

Pre-implantation
mild

Post-implantation
mild
moderate

severe

121

12

1

134

moderate

4

5

0

9

severe

0

0

1

1

125

17

2

144

Total

Dark shaded subjects show a postoperative deterioration.

present study, these changes were very slight. This emphasises
the assessment of individual changes. Since the normal range of
caloric testing is very broad, the caloric test results in the present
study were also evaluated by splitting the broad MSPV range of
the normal category into two categories, in order to obtain a
more realistic view of possible postoperative changes on the individual level. A systematic review by Kuang, Haversat, and
Michaelides (2015), reported that 37% of the implanted patients

exhibit reduced MSPV values postoperatively and 34% of the
patients acquire asymmetry after implantation. Unfortunately,
absolute MSPV values were often not reported by the individual
studies, thus hindering interpretation of caloric deterioration
between research groups. Nevertheless, the present analysis
shows similar deterioration, i.e. 37.4% dropped one or more categories and 26.3% acquired vestibular asymmetry.
Until now, vHIT results in adult patients undergoing cochlear
implantation have only been reported in a few studies. BatuecasCaletrio et al. (2015) found that six patients (20%) acquired
abnormal lateral SCC gain values after cochlear implantation,
using the same cut-off value (0.8) as used in the present study.
This percentage is higher than found in the present study (7.7%),
but they tested patients on the second day after surgery, which
may mainly reflect a very acute change after surgery. In contrast,
Korsager et al. (2018) showed no difference of mean lateral SCC
gain values up to one month postoperatively. Regarding mean
lateral SCC VOR gain changes, the meta-analysis of Ibrahim
et al. that pooled five studies (n ¼ 122 patients) with several
methods of HIT execution, including search coils, did not find a
mean change after cochlear implantation (Ibrahim et al. 2017).
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The very small mean VOR gain deteriorations found in the present study were not considered clinically relevant in any SCC.
This meta-analysis also reported a non-significant effect of
cochlear implantation on DHI total score (Ibrahim et al. 2017),
which is in line with our findings. Interestingly, Buchman et al.
(2004) found no significant worsening in the DHI for all subdomains, but a significant handicap improvement was found on
the emotional subdomain. In contrast, we did not find any
change on this subdomain, while the physical subdomain
decreased a little. Nine per cent of the patients experienced
deterioration of DHI category. Even much higher proportions of
subjective vestibular deterioration have been reported by other
studies, but often assessed without using standardised questionnaires. Reported deterioration of DHI category varies from 0 to
28% of the patients (Migliaccio et al. 2005; Basta et al. 2008;
Wagner et al. 2010; Le Nobel et al. 2016). An explanation for
this variation might be the relatively small number of patients in
other studies.
The lack of good correlation of caloric test and vHIT with
DHI in patients who underwent cochlear implantation has been
described previously in the systematic review and meta-analysis
of Abouzayd et al. (2017). Since many patients have dizziness
complaints preoperatively and the relation of the changes was
deemed important, we used the pre- versus postoperative difference to assess correlations. Our analyses support the conclusion
that a single test would not suffice for vestibular assessment and
that vestibular tests are rather complementary (Abouzayd et al.
2017; Alhabib and Saliba 2017). This relates to the relative specificity of the tests for a certain vestibular sensor, in a specific frequency range.
Interestingly, our data also show that a few patients exhibit
improvement after implantation on caloric testing, vHIT and/or
DHI. Some authors have suggested that CI stimulation can influence vestibular test results. Bance et al. (1998) showed crossstimulation of vestibular afferents of the implanted ear in one
patient and Filipo et al. (2006) described improvement of results
of caloric test and/or rotational chair testing in some patients
after CI activation. Some other studies described significant
improvements of the vestibulo-spinal reflex measured by postural
stability tests (Buchman et al. 2004; Filipo et al. 2006). However,
we assume that vestibular improvement in our study is inherent
to the relative test variability.
The postoperative evaluation in the present study was performed after a mean follow up interval of approximately eight
months. This timing of postoperative assessment varies between
studies and could influence test results (Abouzayd et al. 2017),
although the present study showed that in general the length of
the postoperative follow up interval was not correlated with any
vestibular outcome. The evolution of vestibular symptoms over
time may indicate a central compensatory effect (Kubo et al.
2001; Buchman et al. 2004; Filipo et al. 2006; Krause et al. 2009).
The present findings of a clinically non-significant effect on DHI
score might therefore possibly be influenced by the time of
assessment. Immediate postoperative assessment might lead to
worse DHI results. It is not clear whether a delayed postoperative assessment also influences caloric or vHIT results, due to
vestibular recovery (Abouzayd et al. 2017), although a few studies reported VOR recovery already one month after implantation
(Katsiari et al. 2013; Korsager et al. 2017). In our study, the
moment of the postoperative assessment was just weakly correlated, with only the anterior SCC gain. It is interesting for future
studies to perform vestibular examination at different follow-up
intervals, in order to observe VOR evolution after implantation

and the role of central compensation. Furthermore, our patients
were implanted at various ages. Some studies suggest that older
patients are more prone to develop dizziness symptoms and worsening of the VOR after cochlear implantation (Fina et al. 2003;
Enticott et al. 2006). In the present study, weak correlations
between age and vHIT VOR gain changes and between age and
changes in the DHI physical subdomain score were found,
although no significant correlation between age of implantation
and any other change of variable was found. In this study, the
objective vestibular tests were only focussed on the function of
the semicircular canals, so possible saccule or utricle deteriorations were not evaluated. Vestibular evoked myogenic potentials
may reveal additional information about the effect of cochlear
implantation on vestibular function (Ibrahim et al. 2017).

Conclusions
This study evaluated the effect of cochlear implantation on the
vestibular system in a large sample of patients who underwent
vestibular tests that cover all semicircular canals and completed a
validated subjective questionnaire. Mean changes in test results
were slight; however, for each assessment (caloric irrigation,
vHIT and DHI), a substantial group of patients showed deterioration after cochlear implantation. An increase of vestibular
symptoms (DHI) was present in 9% of the patients, showing that
for some individuals postoperative impact can be very serious. In
37% of the patients, a deterioration of one or more categories
(5-category scale) was found for caloric testing and 14% of the
patients developed a vHIT VOR gain reduction of one or more
semicircular canals. No good correlations were found between
the objective and subjective changes. These results emphasise the
necessity of thorough vestibular assessment and adequate patient
counselling. The preoperative findings can also aid in choosing
the most optimal ear of implantation in cases of unilateral cochlear implantation. Moreover, postoperative vestibular tests may
facilitate a future diagnosis when late onset balance problems in
cochlear implant recipients arise, by defining a new reference
point of vestibular function after a cochlear implant surgery.

Geolocation information
This study was conducted with data from patients who received a
cochlear implant at the affiliated Dutch tertiary referral centre.
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