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Abstract

Background: Vestibular symptoms and balance disorders are still common complaints reported by the patients after cochlear implantation (CI).
Much research has been devoted to assess dizzy patients after cochlear implantation using both self-prepared questionnaires as well as validated
life-quality scales. From this work, various approaches to classifying symptoms according to their onset and duration have been recommended.

Material and methods: We studied 101 patients after round window approach (RWA) cochlear implantation giving them a self-prepared
questionnaire asking them to list their major vestibular complaints formulated according to the consensus document of the Barany Society
Committee for the classification of vestibular disorders. Those with persistent symptoms (both postoperatively and existing preoperatively)
also filled in a DHI questionnaire. Additionally, cVEMP, oVEMP, caloric, and vHIT tests were performed before and after the CI procedure.

Results: The 101 patients were divided into four groups: with early symptoms (n = 25), with late symptoms (n = 2), with preoperative symp-
toms (n = 13), and with no symptoms (n = 61). Among the patients with early symptoms, 15 reported spontaneous vertigo attack, 6 only
unsteadiness and/or lateropulsion, and 4 had other symptoms such as orthostatic vertigo, positional vertigo, visual tilt, and head-motion vertigo.

Conclusions: Close to 40% of the CI recipients suffered from vestibular complaints, either in the postoperative period or from already existing
preoperative symptoms. The vast majority of postoperative complaints were transient and only rare cases (with preexisting inner ear pathol-
ogies and/or comorbidities) evolved into persistent dysfunction.
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OBJAWY PRZEDSIONKOWE PO IMPLANTAC]JI SLIMAKOWE]: PRZEGLAD
KLINICZNY OBEJMUJACY OKRES DWULETNIE] OBSERWAC]I

Streszczenie

Wstep: Objawy przedsionkowe sa wciaz najczeéciej zglaszanymi skargami pooperacyjnymi wsrdd pacjentéw po implantacji slimakowej. Wiele
badan pos$wiecono ich ocenie stosujac zaréwno samodzielnie przygotowane kwestionariusze objawowe, jak i zwalidowane ankiety jakosci
zycia. Na podstawie zebranych wynikéw zalecano rézne strategie klasyfikowania objawéw przedsionkowych u takich pacjentow w zalez-
noéci od ich poczatku i czasu trwania.

Material i metody: 101 pacjentéw po implantacji §limakowej z dostepu przez okienko okragle (RWA) otrzymato samodzielnie przygotowany
kwestionariusz dotyczacy objaw6éw przedsionkowych wg konsensusu przygotowanego przez Towarzystwo Baranyego. Dodatkowo, pacjenci
z przetrwalymi objawami (zaréwno istniejacymi juz przedoperacyjnie, jak i pojawiajacymi si¢ pooperacyjnie) wypetnili ankiete DHI. Badania
cVEMP,oVEMP, testy kaloryczne i VHIT byly wykonywane przed oraz 1-3miesigcy ((VEMP,oVEMP) i 4-6miesi¢cy (proby kaloryczne,
VHIT) po wszczepieniu implantu slimakowego.

Wryniki: Pacjentoéw podzielono na cztery grupy: z wezesnymi objawami (1 = 25; 24.75%), péznymi objawami (n = 2; 1.98%), objawami wyste-
pujacymi przedoperacyjnie (n = 13, 12.75%) oraz bezobjawowych (n = 61; 60.4%). Wsrdd pacjentéw z wczesnymi objawami: 15 zglosilo
samoistne vertigo (14.85%), 6 (5.94%)- tylko uczucie $ciagania/niepewnosci, 4 (3.96%) - inne objawy przedsionkowe jak vertigo ortosta-
tyczne, ze zmiany polozenia ciata, zwigzane z ruchami glowa, wrazenie przechylania obrazu.
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Whioski: 39.6% z badanych uzytkownikéw implantéw §limakowych zgtaszalo objawy przedsionkowe, wlaczajac w to zaréwno te wystepu-
jace pooperacyjnie, jak i te istniejace wcze$niej. Zdecydowana wiekszos¢ objawow byla przejéciowa i tylko w niezwykle rzadkich przypadkach
(wczesniej istniejace patologie ucha wewnetrznego i/oraz choroby wspolistniejace) miala charakter przetrwaty.

Stowa kluczowe: fagodne napadowe polozeniowe zawroty glowy « implantacja slimakowa « dostep przez okienko okragte « objawy przedsion-

kowe o uszkodzenie obwodowego narzadu przedsionkowego

Introduction

Vestibular symptoms and balance disorders remain common
complaints reported by patients after receiving a cochlear
implant (CI) [1-3].

There are multiple mechanisms that may explain vestib-
ular symptoms among CI recipients: labyrinthine irrita-
tion and inflammation from foreign bodies (blood, bone
dust, electrodes), a reaction involving serous labyrinthi-
tis [1,3], loss of intraoperative perilymph [4], and finally
electrode insertion trauma involving direct damage to
the vestibular hair cells (or their necrosis due to mixing
of endolymph and perilymph if the basilar membrane is
ruptured) [5-7]. Moreover, there are cases where otoconia
have been apparently dislodged as a result of intraopera-
tive drilling or spread of electric current during CI activa-
tion, with consequent benign paroxysmal positional ver-
tigo [8]. In delayed period, fibrosis or obliteration of the
inner ear or endolymphatic hydrops caused by the distur-
bance of inner ear fluid homeostasis may appear[6], and
sometimes electric co-stimulation of vestibular fibers [9]
may cause vestibular symptoms.

Vestibular function can be measured with a wide range of
tests, such as cervical Vestibular Evoked Myogenic Poten-
tials (c(VEMP), ocular Vestibular Evoked Myogenic Poten-
tials (0VEMP), caloric test, rotatory chair, or video Head
Impulse Test (VHIT). In the case of positional vertigo, a Hall-
pike or roll test can be conducted. None of these necessar-
ily provides a full correlation with the vestibular symptoms
described by the patient, or with their intensity and persis-
tence [10]. Even if postoperative unilateral vestibular dam-
age does occur, because of central nervous compensation
mechanisms it rarely results in persistent or long-lasting
vestibular symptoms. Benign paroxysmal positional ver-
tigo may be overlooked if the tests are not performed dur-
ing the attacks, since the condition may resolve spontane-
ously [11]. Finally, many central nervous pathologies and
other comorbidities may strongly affect vestibular symp-
toms or cause balance disorders even when the peripheral
vestibular organ is intact.

Much research has been devoted to assessing dizzy patients
after cochlear implantation using both self-prepared ques-
tionnaires [1,3,12-13] or validated life-quality scales. Var-
ious approaches to classifying the symptoms according to
their onset and duration have been recommended. All of
them apply general descriptions of vestibular symptoms
such as dizziness, vertigo, lightheadedness, and unsteadi-
ness. Because of the frequent occurrence of vestibular
symptoms preoperatively and the wide variety of vestibu-
lar symptoms, all these approaches may not describe the
situation well, and may even overlook possible changes in
the vestibular system after a CI. For instance, the appear-
ance of oscillopsia after a CI in a patient already suffering
from postural unsteadiness may indicate damage to the
second vestibulum. Postoperative vertigo lasting a couple
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of days, reported by patients with Meniere disease, may
be a symptom of vestibular function loss.

The aim of this study was to assess the incidence, duration,
and type of vestibular symptoms after cochlear implanta-

tion using the Barany Society classification [14].

Materials and methods

The patients received a prospectively self-prepared ques-
tionnaire [15] asking them to list their major vestibular
complaints formulated according to the consensus docu-
ment of the Barany Society Committee for the classification
of vestibular disorders. They were asked to provide four
ratings: preoperatively, for 1-3 months, 6-9 months, and
2-3 years after the CI procedure. The symptoms were cate-
gorized as: spontaneous vertigo (external or internal, spin-
ning and non-spinning), spontaneous dizziness, positional
vertigo/dizziness, head-motion vertigo/dizziness, visually-
induced vertigo/dizziness, sound-induced vertigo/dizziness,
Valsalva-induced vertigo/dizziness, orthostatic vertigo/diz-
ziness, oscillopsia, visual lag, visual tilt, movement-induced
blur, unsteadiness, directional pulsion, balance-related near-
falls, and balance-related falls. The respondents were also
asked about the onset, duration, and form of the symp-
toms (attacks vs permanent). The symptoms were divided
into: early (within the first 4 weeks after cochlear implan-
tation) and delayed (>4 weeks after cochlear implanta-
tion but within 2 years). Both early and delayed symptoms
were further divided into: transient (lasting up to 4 weeks,
resolved spontaneously), protracted (lasting 1-6months or
demanding an otoneurological consultation with thera-
peutical steps), and persistent (>6 months despite appro-
priate treatment). Patients who reported vestibular symp-
toms both in the early and delayed period were categorized
as early and the duration of the symptoms was taken to be
the sum of the periods. Additionally, patients with perma-
nent or recurrent symptoms filled in a DHI questionnaire
[16]. All patients participated in a research program involv-
ing: preoperative measurement of vestibular function (with
cVEMP, oVEMP, vHIT, and caloric test); 1-3 months post-
operative tests ((VEMP, oVEMP), and 4-6 months post-
operative tests (caloric test, vHIT). A Hallpike and roll
test were conducted if positional vertigo was reported.
The study was approved by the institution’s ethics com-
mittee (KB/15/2014) and all patients signed an informed
consent form before taking part. In those with permanent
symptoms (existing preoperatively or not) and DHI scores
>10, their final diagnosis was used. Additionally, the diag-
nosis of the patients with new' vestibular symptoms was
presented if accessible.

The vestibular symptoms were divided into four groups:

1) One episode of vertigo/diziness attack lasting at least
12 hours.

2) Recurrent spontaneous vertigo/diziness attacks.
The longest episode was taken into consideration and
was assessed to be:
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a) a few seconds to a few minutes
b) 20 min to 12 hours
¢) >12 hours.

3) Unsteadiness, directional pulsion while sitting, stand-
ing, or walking, near-fall related symptoms.
4) Permanent or recurrent symptoms including (but
excluding symptoms during vertigo/diziness attacks):
a) Visual lag or movement-induced blur
b) Positional vertigo/dizziness
¢) Visual-induced vertigo/dizziness
d) Valsalva-induced vertigo/dizziness
e) Sound-induced vertigo/dizziness (including vestib-
ular symptoms limited or strongly intensified by the
active CI)
f) Oscillopsia
g) Visual tilt
h) Balance-related falls
i) Orthostatic vertigo/dizziness.

Symptoms were classified as new if:

- no symptoms before cochlear implantation occurred,
but were reported afterwards

- the symptoms which appeared were from a new
category/subcategory

— there had been vestibular symptoms in the past, but
not in the 3 years before the cochlear implantation and
they were reported again after CI procedure.

Symptoms were classified as pre-existing preoperative if:

- the symptoms were present both preoperatively and
postoperatively and were within the same category
(were the continuation of preoperative symptoms).

No symptoms were judged if:

- no symptoms were reported preoperatively or
postoperatively

— there were vestibular symptoms preoperatively but
not postoperatively within at least a 2-year follow-up
period

- the patient reported some mild symptoms directly after
the operation (dizziness, unsteadiness, but not vertigo)
lasting <12 h

- the symptoms were mild permanent with DHI
<10 (from the categories 3 and 4, but no recurring
vertigo attacks).

We determined whether there were any predisposing fac-
tors for vestibular disorders: age at implantation, gender,
duration of hearing loss, bilateral implantation.

Of 149 candidates enrolled in the study, 48 were excluded
because of: a) neurodegenerative disease that developed after
implantation which strongly influenced balance (n = 1);
b) schizophrenia without satisfactory remission (n = 1);
¢) patient’s death (n = 1); d) head trauma in the postop-
erative period (n = 1); e) reimplantation necessary due to
an abscess near the implant well (n = 1); f) reimplantation
necessary due to failure of the CI processor (1 = 1); g) not
fully following the protocol (n = 27); h) too short a follow-
up at the time of the summary (n = 15).

Altogether, the symptoms of 101 patients who had been
implanted with the round window approach (RWA) were
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analyzed and among them 10 had received a subsequent
second implant. Cochlear implantation was conducted
according to six steps: 1) antrotomy, 2) posterior tympa-
notomy with visualization of the round window niche, 3)
micropuncture of the round window, 4) insertion of the
electrode into scala tympani through the round window, 5)
electrode fixation in the round window niche with fibrin
glue (with round window membrane left partially uncov-
ered), 6) fixation of the device in the bone [17-18]. The pro-
cedures were performed by five different otosurgeons.

A chi-square test for independence was used to test dif-
ferences between the three groups of patients in terms of
one categorical variable (gender). A Kruskal-Wallis test
was conducted to compare levels of quantitative variables
(age, duration of hearing loss) between the groups. Statis-
tical significance was specified as a p-value less than 0.05.
Data analysis was carried out using IBM SPSS Statistics v. 24.

Results

The study group consisted of 101 patients (54 women,
47 men) aged from 10.4 to 80.2 years old (M = 44.8;
SD = 18.9). Patients were divided into four groups: patients
with early symptoms (1 = 25; 24.8%), with late symptoms
(n =25 2%), with preoperative symptoms (n = 13, 12.9%),
and with no symptoms (n = 61, 60.4%).

The group with “no symptoms” consisted of 54 patients
totally without symptoms (88.5%); 6 (9.8%) with mild
symptoms and DHI < 10 (unsteadiness in 3 cases, visual-
induced vertigo in 1, head-motion vertigo in 1, sound-
induced vertigo in 1); and 1 (1.6%) with dizziness last-
ing only a few hours directly after cochlear implantation.

In the group with early symptoms, 15/25 (60%) had com-
plaints that spontaneously resolved within one month,
8/25 (32%) were protracted and lasted more than one month
or required otoneurological interventions, and 2/25 pre-
sented persistent symptoms. There were 21/25 (84%) who
developed symptoms within the first week postoperatively,
3/25 (12%) during the second week, and 1/25 (4%) at the end
of the first postoperative month. There were 18/25 (72%)
who had completely new symptoms and 7/25 (28%) where
there was a change in their character.

Among the CI recipients with early symptoms: 6 reported
spontaneous vertigo, unsteadiness, and lateropul-
sion; 3 — spontaneous vertigo, unsteadiness, lateropulsion,
positional vertigo; 1 — spontaneous vertigo, unsteadiness,
balance-related near-falls, head-motion vertigo, positional
vertigo; 1 — unsteadiness, lateropulsion, head-motion ver-
tigo, positional vertigo; 1 — orthostatic vertigo; 1 — visual
tilt; 1 - positional vertigo; 6 — unsteadiness, lateropul-
sion; 3 — spontaneous vertigo, head-motion vertigo, visual-
induced vertigo, unsteadiness, lateropulsion, balance-related
near-falls; 1 — spontaneous vertigo, head-motion vertigo,
positional vertigo, unsteadiness, lateropulsion; 1 — spon-
taneous vertigo, visual tilt, unsteadiness, lateropulsion,
balance-related near-falls. To sum up, 15 reported sponta-
neous vertigo attacks with accompanying vestibular symp-
toms (14.9%), 6 (6.0%) had only unsteadiness and latero-
pulsion, and 4 (4.0%) had other vestibular symptoms (from
the 4th group).
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Table 1. Patients with ‘'new’ early and delayed symptoms

. . . Number
Vestibular symptoms Diagnosis of patients
Spontaneous vertigo, unsteadiness, lateropulsion, . - . .
positional vertigo (1,3,4b) BPPV (posterior semicircular canal) on the implanted side 2
Spontaneous vertigo, head-motion vertigo, Unilateral vestibular damage on the implanted side
unsteadiness, positional vertigo, balance-related near postoperatively, BPPV on the implanted side, persistent 1
falls (1,3,4a,4b) postural perceptual dizziness (PPPD), vestibular migraine

. . . Delayed endolymphatic hydrops, bilateral vestibular

Spontaneous vertigo, unsteadiness, lateropulsion (1,3) dysfunction preoperatively 1
Sponiencous oD e oo 00 on,  POSOpeTatcy S5CD on e ppostc g uperorand

) ! ' ' posterior semicircular canal damage on the previously
balance-related near falls (1,3,4a,4c) implanted ear

. . Decompensation of preoperatively existing unilateral
Unsteadiness, lateropulsion (3) vestibular damage 1
Spontaneous vertigo, unsteadiness, lateropulsion, Partial vestibular damage on the implanted side 1
positional vertigo (1,3,4b) postoperatively
Spontaneous vertigo, he.ad—mbotlon' vertigo, . Autoimmune inner ear disease, partial damage on the
unsteadiness, lateropulsion, visual-induced vertigo, implanted side postoperativel 1
balance-related near falls (1,3,4c) P p P Yy
Orthostatic vertigo (4i) Vertigo of non-peripheral origin 1

] . Partial vestibular damage on the operated side

Visual tilt (4g) postoperatively 1

. . Bilateral vestibular damage preoperatively,
Unsteadiness, lateropulsion (3) decompensation 2
Spontaneous vertigo, unsteadiness, lateropulsion, head- Vestibular damage and BPPV on the operated side 1
motion vertigo, positional vertigo (1,3,4a) postoperatively

Partial vestibular damage on the operated side
Spontaneous vertigo, unsteadiness, lateropulsion (1,3) postoperatively, Meniere disease on the operated side 1
- remission
: Delayed Meniere disease, vestibular damage on the
Recurrent vertigo attack (2b) implanted side 1
Unknown origin 12

In the two patients (2.0%) with persistent vestibular symp-
toms, the following diagnoses were made: unilateral vestib-
ular damage on the implanted side, BPPV on the implanted
side, persistent postural perceptual dizziness (PPPD), ves-
tibular migraine (n = 1, DHI = 66); unilateral vestibular
damage on the implanted side, SSCD on the opposite side,
superior and posterior semicircular canal damage on the
previously implanted ear (n = 1, DHI = 60). Neither was
asymptomatic before cochlear implantation.

In the group with late onset (delayed) symptoms, the
reported symptoms were as follows: vertigo attacks (2b) - 1,
vertigo attacks, unsteadiness, positional vertigo, visual tilt,
visual-induced vertigo (2a,3,4b,4c,4g) — 1. All the delayed
symptoms started within the first 6 months of cochlear
implantation and no correlation with the time of implant
activation was noted. Both of them were protracted but
resolved spontaneously.

Positional vertigo was reported in 10 cases (10%). How-
ever, BPPV was proven in 6 cases (2 cases already pres-
ent preoperatively and in 4 cases postoperatively only). In
all 4 patients, the posterior semicircular canal was affected
on the operated side and all patients showed a good response
to repositioning manoeuvers (Epley, Semont). However,
the percentage of detected BPPV cases may have been a lit-
tle underestimated, as the symptoms could have resolved
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spontaneously before the neurotological consultation, and
in some cases could not be done directly after cochlear
implantation due to strong vertigo and vegetative symptoms.

No cases of sound-evoked vertigo or vertigo limited to an
active CI were observed.

A clinical overview of the patients with early and delayed
symptoms is shown in Table 1.

Among the patients with preoperative symptoms, DHI
scores ranged from 4 to 56, M = 32.3 (SD +21.4). Their
clinical characteristics are depicted in Table 2.

The results of our study confirm the variability of possi-
ble vestibular disorders among cochlear implant recip-
ients. The correlation between the results of vestibular
tests and reported symptoms is presented in Table 3. Only
some of the symptomatic patients showed a reduction in
vestibular tests. Interestingly, we observed also a reduc-
tion in cVEMP,oVEMP, and caloric tests in non-symp-
tomatic patients.

There were only 2 patients with late symptoms, not enough
to consider them as statistically significant. Therefore the
late group was excluded from further calculations. The sta-
tistical analysis of all three groups is shown in Table 4.
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Table 2. Vestibular symptoms and diagnosis of the patients with preoperatively existing symptoms

. q q Number
Vestibular symptoms Diagnosis A
Unsteadiness, lateropulsion, positional vertigo, Valsalva- . . . .
induced vertigo (3,4b,4d) LVAS bilaterally, benign paroxysmal positional vertigo 1

. . Preoperative vestibular damage on the side to be
Unsteadiness, lateropulsion (3) implanted 1
- . - Preoperative vestibular damage on the side to be
Unsteadiness, lateropulsion, visual lag (3,4a) implanted 1
Vertigo attacks (2a) Vestibular paroxysmia 1
Unsteadiness, lateropulsion, recurrent vertigo attack Meniere disease and vestibular damage on the side to be 2
(2b,3) implanted
Recurrent vertigo attack, unsteadiness (2b,3) Meniere disease on the side to be implanted 1
Unsteadiness, lateropulsion, balance-related near-falls (3) Bilateral hyporeflexia preopgratlvely, status post 1
meningitis
Unsteadiness, lateropulsion, Visual-induced vertigo, Bilateral hyporeflexia preoperatively 1
visual tilt (3,4¢,49)
Unsteadiness, lateropulsion (3) Bilateral hyporeflexia preoperatively 1

. -, ) Bilateral benign paroxysmal positional vertigo
Vertigo attacks, positional vertigo (2¢,4b) preoperatively 1
Unsteadiness, lateropulsion, recurrent vertigo attack, Possible Meniere disease with uncertain ear, partial 1
visual lag (3,2b,4a) damage on the side to be implanted preoperatively
Orthostatic vertigo (4i) Vertigo of non-peripheral origin 1

Table 3. cVEMP, oVEMP, caloric tests, and vHIT results and their correlation with vestibular symptoms

No symptoms Early symptoms s?;?!:g g ex'i);ﬁﬁgi;aﬂ;fl‘:n g

Maintained 30/35 (85.71%) 7/12 (58.33%) - 2/2(100%)
CVEM Loss 5/35 (14.29%) 5/12 (41.67%) 1(100%) -
Absent preoperatively 23 13 1 10

Maintained 14/19 (73.7%) 4/9 (44.44%) - 2/2(100%)
oVENY Loss 4/19 (21.05%) 5/9 (55.5%) 1(100%) -
Absent preoperatively 16 12 1 8

Maintained 20/23 (86.96%) 7/9(77.78%) 1/2 (50%) 4/5 (80%)

Caloric test Loss 3/23 (13.04%) 2/9 (22.22%) 1/2 (50%) 1/5 (20%)
Preoperative damage 12 4 - 3

Maintained 15/15 (100%) 4/5 (80%) 1/1 (100%) 3/3(100%)
VHIT Lateral Loss 0/15 (0%) 1/5 (20%) - -
Preoperative damage 5 3 - 3

Maintained 15/15 (100%) 4/5 (80%) 1(100%) 2/2(100%)
VHIT Anterior Loss 0/15 (0%) 1/5 (20%) - -
Preoperative damage 6 4 -- 2

Maintained 15/15 (100%) 4/5 (80%) 1(100%) 2/2(100%)
VHIT Posterior Loss 0/15 (0%) 1/5 (20%) - -
Preoperative damage 6 3 -- 4

There were no statistically significant differences between
the four groups of patients in terms of sex. The highest mean
age was in the patients with preoperative symptoms; it was
lowest in the group with no symptoms and it reached sta-
tistical significance. No differences were observed between
those with early and no vestibular symptoms in terms of age.
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Duration of hearing loss was shortest in the group of patients
with preoperative symptoms; the difference was statistically
significant. Possibly, the factor that caused hearing loss and
vestibular damage was stronger than the factor producing
cochlear dysfunction alone, and it took less time from the
onset of hearing loss until it reached a profound degree.
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Table 4. Sex, age, and duration of hearing loss in the patients

Early Preop No Test result
Women, n (%) 13 (25.0) 10(19.2) 29 (55.8) 22371
Sex A 056
Men, n (%) 12 (25.5) 3(6.4) 32(68.1) p=0.
A Range 10-75 25-75 11-80 K-W=6.37:
ge 0041
M (SD) 45.9(19.3) 56.5(15.2) 42,0 (18.9) p=0041
Hearing loss Range 23-68.8 1.1-557 25-59.6 KW=6.75;
duration (yr) M(SD) 27.0(16.6) 15.3(16.3) 21.7(12.1) p=0034

Among the bilateral CI recipients, 3 of 10 (30%) developed
early symptoms and 7 (70%) had no symptoms. There were
22 of 91 unilateral CI recipients (24.2%) who reported early
vestibular symptoms, 2 (2.2%) late symptoms, 13/91 (14.3%)
preoperative symptoms, and 54/91 (59.3%) no symptoms.
Due to the small number of patients with bilateral CIs we
did not conduct a statistical analysis of vestibular com-
plaints between unilateral and bilateral cases.

Discussion

Vestibular symptoms after cochlear implantation is
still a common finding in the postoperative period. Ito et al.
[12] reported vestibular symptoms in 26 of 55 patients and
divided them into: early transient (within the first 2 weeks,
resolved spontaneously); early protracted (within the
first 2 weeks, persistent); and delayed (more than 2 weeks
after the CI). The majority of the patients belonged to the
first group 15/26 (58%), 9/26 (34%) to the second, and the
third were rare 2/26 (8%). Zawawi et al. [13] classified the
symptoms (56/112 - 50%) as early (within the first days);
delayed (after the first week, but within the first year after
the CI); and delayed onset (more than one year after the
CI). Most of the dizzy patients belonged to the second group
(45%). Fina et al. [1] divided the symptoms (29/75,38.7%)
into: early (present within 24 h of implantation) and delayed
onset (more than 24 h after implantation), pointing out
the domination of the second group (25/29, 86.2%). Kubo
et al. [3] among all their patients with symptoms (46/94,
49%) distinguished dizziness appearing and disappearing
within one month after implantation (29/46, 63%); per-
manent dizziness (2/46, 4.4%); and paroxysmal vertigo
attacks appearing at least one month after implantation
(15/46, 33%). According to this classification, the major-
ity of patients presented symptoms directly after implan-
tation which spontaneously disappeared. To sum up, most
reports show that vestibular symptoms are frequent and
mostly appear within the first weeks after implantation.
Long-lasting and persistent vestibular disorders are rare.
That situation is in full agreement with our observations.

We expected that hearing preservation techniques (round
window approach, soft electrode insertion, perioperative
steroid administration) should be more protective of the
vestibulum than standard techniques. In the literature the
incidence of vestibular complaints after standard cochleos-
tomy techniques ranges from 23 to 67% [1,3,12,19,20], and
is slightly over 40% in most reports [1,3,12,19]. However,
any comparison of the incidence of vestibular symptoms
between patients implanted with RWA and cochleostomy
has to be interpreted cautiously. Patients with low-fre-
quency hearing loss have statistically better vestibular

function, which may be lost after cochlear implantation
[21]. If vestibular symptoms after a CI are generated, at least
partly, by vestibular damage, even small traumatization of
the vestibular organ may lead to symptoms. In the same
way, in a profoundly deaf ear with non-functional resid-
ual hearing, even much more extensive vestibular trauma
is less likely to evolve into vestibular symptoms. Of course,
vestibular symptoms are multifactorial and may originate
from additional causes.

We did not find that age was strongly correlated with the
prevalence of vestibular symptoms after a CI procedure.
Bilateral implantation did not seem to be a predisposing
factor for postoperative symptoms either (at least in terms
of their incidence, not their persistence).

The discrepancies between the results of vestibular tests
and reported vestibular symptoms have been confirmed
in other papers [22,23].

Until now, there has been no consensus regarding the
necessity to make a vestibular evaluation of CI candi-
dates, or look at possible vestibular contraindications
for doing a CI procedure. The main threat of cochlear
implantation is vestibular damage, with the worst sce-
nario being profound bilateral vestibular damage. With
bilateral vestibular damage many functions are affected:
postural stability, visual stability during head movements,
autonomic cardiovascular reaction of the lower part of
the body while standing, cognitive abilities like spatial
orientation, navigation abilities, and impairment in dual
tasking [24]. Only 50% of patients with bilateral hypo-
function profit from vestibular rehabilitation [24,25]. In
addition, balance may get worse with age.

For these reasons, it would be reasonable to recommend
special care and to consider the potential audiological ben-
efits when deciding to give a second implant in the only-
functioning or better vestibulum.

The increasing interest in a vestibular prosthesis [26,27] and
vestibulocochlear implants [28] may in the future change
our attitude towards bilateral loss of vestibular input. Pre-
liminary reports on the artificial restoration of vestibule-
ocular reflexes are promising. However, as long as such
efforts are still under development, and restricted to sin-
gle clinics and small groups of patients [26,27,28], we are
obliged to avoid bilateral vestibular loss.

Another important issue that arises from our clinical
overview is that, in cases of unilateral vestibular damage,
comorbidities associated with coexisting neurological
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and psychiatric disorders limit the effectiveness of central
compensation mechanisms [29]. These groups of patients
should be carefully informed about the risk of postoper-
ative vestibular damage and vestibular rehabilitation pro-
tocols should be introduced early on.

The main limitation of our study is that we focused on
assessing vestibular symptoms qualitatively, and not accord-
ing to their quantitative intensity. Additional long-term stud-
ies assessing the improvement or deterioration in patient
quality of life are recommended.

Conclusion

To sum up, vestibular symptoms after cochlear implanta-
tion are still frequent findings in the postoperative period.
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