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Abstract

Background: The cochlear implant (CI) is effective for rehabilitating patients with severe to profound sensorineural hearing 
loss. However, its placement and use have been associated with various complications, such as those affecting the vestibu-
lar system. The objective of this study was to compare vestibular function using the video head impulse test (vHIT) in pedia-
tric patients before and after CI placement. Methods: A descriptive and retrospective study was conducted. The outcomes 
of 11 pediatric patients of both sexes with a history of profound hearing loss were evaluated. The results of vestibular-ocular 
reflex (VOR) gain, saccades, asymmetry, Pérez Rey (PR) index, and VOR/saccade ratio for both ears obtained by the vHIT 
test before and after CI placement were compared. Results: Of the 11 patients evaluated, the VOR gain showed that 81.8% 
had normal function, 18.2% had hypofunction, and no patients had hyperfunction before implantation. No statistically signifi-
cant differences were found when compared with post-implant off and post-implant on conditions (p > 0.05). The extracted 
variables, asymmetry, PR index, and the VOR/saccades ratio also showed no statistically significant differences between the 
pre- and post-implant conditions, whether off or on. Conclusions: The vestibular function of pediatric patients did not show 
significant changes before and after CI placement. The vHIT test is a valuable tool for assessing vestibular function and could 
be considered a criterion for surgical and rehabilitation decisions in patients undergoing CI placement.
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Evaluación vestibular con videoimpulso cefálico en pacientes pediátricos con implante 
coclear

Resumen

Introducción: El implante coclear es un dispositivo eficaz para la rehabilitación de pacientes con hipoacusia neurosensorial 
severa a profunda. Sin embargo, su colocación y uso se ha asociado a diversas complicaciones, entre ellas a nivel del 
sistema vestibular. El objetivo del presente estudio fue comparar la función vestibular mediante la prueba de videoimpulso 
cefálico (vHIT) de pacientes pediátricos antes y después de la colocación del implante coclear. Métodos: Se llevó a cabo 
un estudio descriptivo y retrospectivo. Se evaluaron los resultados de 11 pacientes pediátricos de ambos sexos con ante-
cedente de hipoacusia profunda. Se compararon los resultados de ganancia del VOR, sacadas, asimetría, índice PR así 
como la relación VOR/sacadas para ambos oídos obtenidos mediante la prueba vHIT antes y después de la colocación del 
implante coclear. Resultados: De los 11 pacientes evaluados, la ganancia del VOR mostró que el 81.8% tenía normofunción, 
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Introduction

A cochlear implant (CI) is the electronic device of 
choice for the rehabilitation of patients with severe to 
profound sensorineural hearing loss, as it allows for an 
increase in the patient’s quality of life and a reduction in 
disability, as well as the negative effects on the long-term 
sociocultural integration of hearing-impaired patients1. 
There are no precise reports on the prevalence of vestib-
ular system disorders; however, it has been estimated 
that up to 50-70% of children with sensorineural hearing 
loss may present vestibular alterations, and up to 
20-40% of these are severe. It is known that the inci-
dence of complications after CI surgery is approximately 
16-57%, although most of these complications are 
minor2,3. To this day, complications of CI are still being 
studied since, although it is considered a safe surgical 
procedure, there is a possibility of vestibular function 
damage; however, less attention has been paid to this 
aspect during the evaluation in assessment programs2. 
Different mechanisms have been reported that could 
lead to vestibular dysfunction during or after CI surgery, 
including direct trauma caused by electrode insertion, 
acute serous labyrinthitis due to a cochleostomy, foreign 
body reaction with labyrinthitis, endolymphatic hydrops, 
and electrical stimulation from the implant itself.

Postmortem studies on temporal bones of patients 
with CIs have shown significant alterations in the struc-
tures of the inner ear, such as fibrosis of the vestibule, 
decreased ganglion cells, formation of hydrops in the 
inner ear, morphological lesions in the osseous spiral 
lamina, vestibular receptors and basilar membrane, 
and morphological changes in the saccular and utricu-
lar macula and in the lateral semicircular canal1,4.

At present, there is no formal consensus on tests to 
perform vestibular evaluation of hearing-impaired patients 
who are candidates for CI placement. Evaluations have 
included cervical vestibular myogenic evoked potentials 
(VEMPs) and caloric and rotary tests, among others5. 
However, although ideally, the combination of these tests 
provides us with more information about peripheral 

vestibular function, an objective, simple, fast, replicable 
test that provides quantitative information for the diagno-
sis of vestibular dysfunction is still needed, especially 
in the pediatric population6,7.

In a healthy patient, the semicircular canals (SCC) 
accurately detect changes in head position on any axis 
and in any direction in space, sending the necessary 
signals to the extraocular muscles to generate a com-
pensatory movement of the eyeball; in terms of velocity, 
perfectly opposite and supplementary, so that the illu-
sion is generated that the eyes remain still with the 
gaze fixed on the object despite any head movement.

The video head impulse test (vHIT) measures the ves-
tibular-ocular reflex (VOR), which is one of the fastest 
reflexes in the body (latency of just 7-10 ms), reflecting the 
body’s ability to keep the gaze fixed on an object despite 
rapid and unexpected head movements8. It is useful for 
lateral canals (the easiest to evaluate) and also for vertical 
canals RALP (Right Anterior and Left Posterior) or LARP 
(Left Anterior and Right Posterior) evaluation. The vHIT 
can be used in children as young as 6 months of age9,10.

For patients who are candidates for CI placement, 
this test will contribute to defining the ear to be implanted 
(in case of a unilateral implant) since, if there is any 
vestibular hypofunction, the ear with the worst vestibu-
lar function would be implanted, thus causing less 
direct damage and allowing a central compensatory 
mechanism with the contralateral ear.

In case of bilateral implantation and presenting hypo-
function before implantation, the patient can be offered 
a vestibular rehabilitation program before and after the 
CI, which will help reduce long-term disability11.

Methods

A retrospective and descriptive study was conducted 
on pediatric patients (2-7 years old) with bilateral severe 
to profound sensorineural hearing loss in the evaluation 
protocol for CI placement, assessed in the Department of 
Audiology and Phoniatrics and subsequently underwent 
implantation at the Hospital Infantil de México “Federico 

18.2% hipofunción y ningún paciente hiperfunción antes del implante. Al compararlo con la ganancia post implante apagado 
y post implante encendido no se encontraron diferencias estadísticamente significativas (p > 0.05). Las variables sacadas, 
asimetría, índice PR así como la relación VOR/sacadas tampoco mostraron diferencias estadísticamente significativas entre 
las condiciones pre y pos implante ya sea apagado o encendido. Conclusiones: La función vestibular de pacientes pediá-
tricos no mostró cambios significativos previo y posterior a la colocación del implante coclear. La prueba vHIT es una 
herramienta útil que permite evaluar la función vestibular y que podría considerarse como criterio para tomar decisiones 
quirúrgicas en pacientes que se encuentran en protocolo para implante coclear.

Palabras clave: Implante coclear. Hipoacusia. v-HIT. Función vestibular.
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Gómez”, from 2019 to 2022. Patients who could not 
undergo the pre-implantation test or who did not com-
plete the post-surgical follow-up and patients with bilat-
eral implantation were excluded since they were not 
implanted simultaneously, leaving a sample of 11 patients 
with unilateral implantation.

The vHIT was performed using an ICS Impulse USB 
device from Otometrics® for the measurement of the 
VOR, consisting of a pair of glasses with a small video 
camera, a sensor (which measures head movement), 
and a mirror that reflects the image of the patient’s right 
eye into the camera12 (Fig. 1).

The pre-implantation VOR gain was measured 
1 week before CI and during the first 30 days after CI 
placement. Gain values close to 1 were considered 
preserved VOR, while values close to zero were con-
sidered pathological VOR. The results of VOR gains in 
children can be comparable to those obtained in the 
adult population (0.83-1.21). The appearance of sac-
cades was also considered to indicate an alteration of 
the VOR. For the study, the saccades were those pres-
ent after completing the head movement (overt or 
uncovered saccades) or during it, which are detected 
with the naked eye, and covert or covert, which are 
imperceptible to the naked eye13 . This study also 
included the Pérez Rey (PR) index, whose result is 
between 0 and 100, with a PR of 0 indicating minimal 
saccadic dispersion and 100 indicating maximum sac-
cadic dispersion, functioning as a marker of compen-
sation in vestibular hypofunction14.

Figure  2 shows the vHIT report, which displays a 
hexagonal graph representing the six SCC. Each 
impulse records both the movement of the head and 
the eye, providing two curves of angular velocity over 
time. The relationship between both velocities 
accounts for the “VOR gain”. In addition, we can 
observe the values of asymmetry, covert and overt 
saccades, PR index, and a table with saccade anal-
ysis (amplitude and latency)13,15.

The statistical analysis was performed using the 
GraphPad Prism 9 statistical package. Descriptive sta-
tistical analysis was conducted for the total sample and 
by analysis groups. Frequencies and percentages were 
used for nominal variables, while measures of central 
tendency were employed for dimensional variables. 
Median, minimum, and maximum values were utilized 
for the age variable. The statistical analysis included 
normality tests for the exploratory analysis of the vari-
ables. Due to their non-normal distribution, non-para-
metric tests were applied. In all cases, the accepted 
level of significance was p < 0.05.

Results

Eleven patients were included in the study, of which 
81.8% (n = 9) were female and 18.2% (n = 2) were male; 
the median age was 4 (minimum 2 and maximum 6). 
Of the total number of included patients, 100% had the 
implant in the right ear.

VOR gain

The comparison between VOR gains in the right 
ear did not show a statistically significant difference in 
the various conditions: pre-implant, post-implant with 
the  device off, and post-implant with the device on 
(0.85 ± 0.21 vs. 0.79 ± 0.17 vs. 0.82 ± 0.20, p = 0.2557). 
Similarly, in the left ear, no statistically significant dif-
ferences were found when comparing the gains in 
pre-implant, post-implant with the device off, and 
post-implant with the device on (0.75 ± 0.17  vs. 
0.79 ± 0.17 vs. 0.78 ± 0.19, p = 0.8255) (Fig. 3).

The VOR gain value was used to classify patients 
into three categories: normal function (0.8-1.2), hypo-
function (< 0.8), and hyperfunction (> 1.2). In the right 
ear, 81.8% (n = 9) of the patients had normal function 
before implantation, 18.2% (n = 2) had hypofunction, 
and none had hyperfunction. In the left ear, 54.5% 
(n  =  6) of the patients presented with hypofunction, 
45.4% (n = 5) had a normal function, and none exhib-
ited hyperfunction. After CI placement, while the device 
was off, 63.6% (n = 7) of the patients continued to have 
normal function in the right ear, and similarly, in the left 
ear, 63.6% (n = 7) had normal function and 36.4% 
(n = 3) had hypofunction. When the device was turned 

Figure 1. Video head impulse test realization.
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on, the distribution of patients changed, with 72.7% 
(n = 8) having normal function and 27.3% having hypo-
function in the right ear. In the case of the left ear, the 
percentage of patients with normal function and hypo-
function was the same as when the CI was off (Fig. 4).

Saccades

In the right ear, most patients did not present saccades 
before implant placement (63.7%). When the implant was 
placed, the percentage of patients without saccades 
decreased to 36.4%, and the same percentage was 
maintained when the implant was turned on. The per-
centage of patients with overt saccades increased from 
27.3% pre-CI to 63.3% when the implant was placed and 
turned off; however, after turning it on, the percentage 
was 54.5%. Regarding covert saccades, they were pres-
ent in 9.1% of patients before implantation. No patient 
was recorded with covert saccades when the implant 
was off, but when it was turned on, 9.1% continued to 

present covert-type saccades. In the left ear, considering 
that it did not undergo surgical manipulation, the percent-
age of patients without saccades predominated in the 
three conditions: pre-CI (54.5%), post-OFF (72.7%), and 
post-ON (63.6%). The presence of overt saccades was 
higher after implant placement, both when it was off 
(27.3%) and when it was on (27.3%), compared to pre-im-
plantation (9.1%). However, the percentage of patients 
who presented covert saccades increased after turning 
the implant on (9.1%), as previously, no patient had pre-
sented this type of saccade (Table 1).

VOR/saccades

Anson et al. have described that saccadic movements 
can indicate vestibular hypofunction and are useful for 
identifying partial vestibular deficits. Therefore, this 
study analyzed the relationship between the presence 
of saccades (covert and overt) in patients with both 
normal function and vestibular hypofunction in the three 

Figure 2. Video head impulse test report.
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different situations of CI placement (pre, post-off, and 
post-on)14. Before implant placement, 63.6% of the 
patients had normal VOR and did not present saccades, 
18.2% had normal VOR and saccades, and 18.2% had 
low VOR and saccades. After CI placement, while the 
implant was off, 36.4% of the patients had normal func-
tion and saccades (Table 2).

PR score

The absence of saccadic dispersion, represented by 
the PR score, was present in a higher percentage in 
both pre- and post-implanted patients, being similar for 
both ears. Saccadic dispersion after implant placement 
was present in 18.2% of the left ear following CI acti-
vation, in contrast to 9.1% when it was off.

Asymmetry

Abnormal asymmetry (> 20%) was present in 9.1% of 
pre-implanted patients, and no changes were observed 
after CI placement, even when it was turned on.

Discussion

Hearing impairment has been associated with children’s 
vestibular dysfunction and impaired motor development. 

Figure  3. Vestibularocular reflex gain before and after 
cochlear implant placement.
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Table 1. Presence of saccades

Saccades presence Pre‑CI % (n) Post‑CI off % (n) Post‑CI on % (n)

Right ear Left ear Right ear Left ear Right ear Left ear

No saccades 63.3 (7) 54.5 (6) 36.4 (4) 72.7 (8) 36.4 (4) 63.6 (7)

Overt saccades 27.3 (3) 9.1 (1) 63.6 (7) 27.3 (3) 54.5 (6) 27.3 (3)

Covert saccades 9.1 (1) 0 (0) 0 (0) 0 (0) 9.1 (1) 9.1 (1)

Pre‑CI: pre‑cochlear implant; Post‑CI: post‑cochlear implant.

Table 2. Relation of VOR gain to the presence of saccades

VOR gain/
saccades 

Pre‑CI % (n) Post‑CI off % (n) Post‑CI on % (n)

No 
saccades

Saccades No 
saccades

Saccades No 
saccades

Saccades

Right ear

With  
normal VOR
With low VOR

63.6 (7)

0 (0)

18.2 (2)

18.2 (2)

χ² = 4.278
ρ = 0.039

* 36.4 (4)

0 (0)

27.3 (3)

36.4 (4)

χ² = 3.592
ρ = 0.58

36.4 (4)

0 (0)

36.4 (4)

27.3 (3)

χ² = 2.357
ρ = 0.125

Left ear

With  
normal VOR
With low VOR

45.5 (5)

9.1 (1)

9.1 (1)

36.4 (4)

χ² = 4.412
ρ = 0.036

* 63.3 (7)

9.1 (1)

0 (0)
27.3 (3)

χ² = 7.219
ρ = 0.007

* 54.5 (6)

9.1 (1)

9.1 (1)

27.3 (3)

χ² = 4.055
ρ = 0.044

*

VOR: vestibular‑ocular reflex; Pre‑CI: pre‑cochlear implant; Post‑CI off: post‑cochlear implant off; Post‑CI on: post‑cochlear implant on.  
*p ≤ 0.05.
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For this reason, vestibular function must be evaluated 
in every hearing-impaired patient or those in an evalu-
ation program for CI placement. Assessing vestibular 
function in children is a challenging task, especially in 
those under 5 years of age.

Some of the vestibular studies (videonystagmogra-
phy and caloric tests) performed to date are known to 
be poorly tolerated by children. Others, such as VEMPs, 
are well-tolerated and can be performed quickly; how-
ever, the information they provide is insufficient as they 
only provide data on otolith organs. The vHIT provides 
specific and quantitative data on the VOR at stimulus 
frequencies encountered in daily life, as well as the 
function of the 6 SCC for unilateral and bilateral periph-
eral vestibular losses, while the caloric test involves 
lower, non-physiological frequencies and does not require 
darkness that may induce fear or provoke vestibular 
symptoms16. The vHIT is also portable, non-invasive, and 
can be quickly administered (approximately 10-15 min)12. 
In addition to studying VOR gain, this study discusses 
the presence or absence of saccades, asymmetry, and 
PR score and aims to better understand these individ-
ual differences before and after CI placement to reduce 
vestibular damage secondary to implantation.

Gain

Regarding this data, the authors agree with the liter-
ature, where no statistically significant differences have 
been found in VOR gain before and after implant place-
ment (on and off), as most patients maintained their 
normal function state1,2,17.

However, the group of patients with vestibular hypo-
function in the right ear increased after implantation (on 
and off). It is worth noting that these patients already 

showed vestibular damage before implantation, presum-
ably congenital (inner ear malformations, audiovestibular 
syndromes), and having a foreign body phenomenon 
could further decrease this gain18.

An increase in the percentage of patients with normal 
function was observed when the implant was on com-
pared to when it was off, which coincides with the 
hypothesis of other studies, where there is a direct 
effect of electrical excitation and stimulation on vestib-
ular receptors and afferent nerve neurons, especially 
in electrodes of the basal turn of the cochlea, which 
are closest to the vestibule19,20.

Saccades

Since most of the patient group presented normal 
function before and after implantation, it is necessary to 
review other vHIT data that may indicate any suspicion 
of early vestibular damage or compensation. In this case, 
the covert or overt saccades that patients presented, 
despite having normal function, may indicate that the 
vHIT may not be as normal as believed. Therefore, a 
deeper analysis of patients’ saccadic movement data is 
needed, especially for those who present it subtly. 
Covert saccadic movements have been associated with 
the severity of vestibular hypofunction. Thus, the pres-
ence of covert saccadic movements suggests that ves-
tibular dysfunction has been compensated for, and 
eye-head coordination anticipates movements in real-
life situations. We can assume that patients with “normal 
gains” but with saccades may indicate an early marker 
of vestibular dysfunction, which requires attention with 
post-implantation monitoring and even vestibular rehabil-
itation. It is very important to understand how the patient 
compensates for VOR loss, given its implications for 

Figure 4. Vestibular function of patients before and after cochlear implant.
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vestibular rehabilitation and the prevention of long-
term disability. Some studies report that patients who 
compensate with a “gathered pattern” saccadic strat-
egy, with covert saccadic movements always at the 
same latency, will have lower levels of disability and 
postural instability than those with a “scattered sac-
cadic strategy”21.

PR score

The PR score is a recently proposed parameter of 
saccadic timing variation that indicates the state of 
vestibular recovery or compensation22,23. The PR score 
has not been reported in pediatric implanted patients. 
However, studies in other populations with vestibular 
disorders show that saccadic reorganization is a use-
ful marker of vestibular compensation or reorganiza-
tion after CI surgery in patients who presented with 
overt saccades. A high PR score in the late post-op-
erative phase would indicate an alteration in vestibular 
adaptation, which is the first necessary step toward 
compensation.

In our study, no statistically significant differences 
were found between the PR score pre- and post-CI and 
in post-implanted patients before and after activation.

Asymmetry

Normal right-left asymmetry values are considered 
< 20%, with higher values being abnormal24. There were 
no changes before or after implantation in the group of 
patients studied.

Conclusions

Our results in children with CI showed no significant 
deterioration in VOR gain after CI placement. However, 
even though pediatric patients can compensate thanks 
to cerebral neuroplasticity and other afferents, allowing 
some alterations in vestibular function to go unnoticed, 
it is essential to perform objective evaluations of ves-
tibular function to detect these alterations and organize 
a rehabilitation plan, providing tools for their develop-
ment and to adequately perform daily life activities and 
thus avoid long-term disability.

The vHIT is a test that evaluates the function of 
high-frequency VOR and, due to its advantages, is 
proposed as the gold standard in children for the rapid 
measurement of vestibular function since it not only 
focuses on gain measurement but also shows us a 
broad overview of vestibular function, which helps us 

to demonstrate preliminary damage or vestibular com-
pensation, even when the gain is within normal 
parameters. The Hospital Infantil de México “Federico 
Gómez” is the first implant center in Mexico where, 
since 2019, vestibular evaluation (clinical and instru-
mented) has been performed as part of the study pro-
tocol for patients in the candidacy program for CIs, 
taking into account vestibular function as a relevant 
criterion, both to decide the ear to be implanted in uni-
lateral implants and, in case of presenting any congen-
ital vestibular dysfunction before implantation, a 
rehabilitation program is proposed to avoid further ves-
tibular damage and thus prevent long-term disability.

This study aims to continue performing and 
encouraging other implant centers to consider vestibular 
evaluation as a CI criterion and to increase the battery 
of standardized tests in children to obtain a compre-
hensive evaluation of vestibular function in patients in 
the CI programs.
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