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Abstract

Purpose Tinnitus and equilibrium disorders such as dizziness and vertigo have been reported by patients with COVID-19;
however, they have been rarely investigated. The aim of this study was to study the prevalence of subjective tinnitus and
dizziness in a sample of COVID-19 patients using an online 10-item close-ended questionnaire.

Methods A multicentric study that included 15 Italian hospitals in different regions was conducted using an online 10-item
close-ended questionnaire developed to identify the presence of tinnitus and balance disorders in patients with COVID-19
between May 5 and June 10, 2020. The questionnaire was administered to 185 patients in a period of > 30 — < 60 days after
diagnosis of COVID-19; responses were recorded in an online Excel spreadsheet. The questionnaire was composed of three
sections: (1) demographic information; (2) presence and characteristics of tinnitus and dizziness after COVID-19 diagnosis;
(3) possible association with migraine.

Results Thirty-four patients (18.4%) reported equilibrium disorders after COVID-19 diagnosis. Of these, 32 patients reported
dizziness (94.1%) and 2 (5.9%) reported acute vertigo attacks. Forty-three patients (23.2%) reported tinnitus; 14 (7.6%)
reported both tinnitus and equilibrium disorders.

Conclusion This study suggests that the presence of subjective otoneurological symptoms such as tinnitus and balance
disorders can affect COVID-19 patients; further studies are necessary to investigate the prevalence and pathophysiological
mechanisms underlying these subjective symptoms in COVID-19 patients.
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Introduction

Coronavirus disease 19 (COVID-19) is a pandemic caused
by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) [1, 2]. Although the clinical features
observed in COVID-19 patients mostly indicated the res-
piratory and circulatory systems as the primary targets of
SARS-CoV-2, accumulating evidence report neurological
manifestations that may affect up to 30% of COVID-19
patients [3, 4].

The neurotropic characteristics of SARS-CoV-2 are still
being investigated; genome sequences were detected in the
brain of affected patients, with evidence of some pathologic
changes in the hypothalamus and cortex neurons [5, 6] and
in the cerebrospinal fluids [7]. Several neurological manifes-
tations such as impaired consciousness, headache, and diz-
ziness have been reported in COVID-19 patients [§—10]; in
addition, olfactory and taste alterations are common symp-
toms in patients affected by COVID-19 [11-15].

Even if there is growing evidence of neurological involve-
ment of SARS-CoV-2, otoneurological subjective symptoms
such as tinnitus and balance disorders have been only mar-
ginally investigated to date. The aim of this work was to
investigate the prevalence of tinnitus and equilibrium disor-
ders such as dizziness and vertigo in a sample of COVID-19
patients through an online questionnaire.

Materials and methods

A multicentric study that included 15 Italian hospitals in dif-
ferent regions investigated the presence of tinnitus and equi-
librium disorders in COVID-19 patients; data were collected
between May 5 and June 10, 2020 using an online 10-item
close-ended questionnaire proposed by the authors (Table 1).

Participants

Patients with a positive nasopharyngeal swab for SARS-
CoV-2 (first positive swab > 30 days— <60 days before
questionnaire administration) were included in the study,
regardless of disease severity and necessity of oxygen sup-
port during treatment. Exclusion criteria were hospitaliza-
tion in Intensive Care Unit due to COVID-19, subjective
hearing loss in at least one ear, an anamnestic history of
acoustic trauma or prolonged noise exposure, presence of
known audiological pathologies before the diagnosis of
COVID-19 or previous ear surgery, psychiatric, cardiovas-
cular or circulatory comorbidities, or concurrent or previous
medical treatment with chloroquine or hydroxychloroquine
for their reported ototoxic effects [16—18].

A checkbox to provide informed consent to the use of
provided data was included in the questionnaire. All partici-
pants gave their informed consent to be included in the study
and to the use of anonymized data provided in the responses
to the questionnaire. The study was consistent with the Hel-
sinki Declaration for human rights.

Questionnaire details

The questionnaire was designed using the Google Forms
software and was administered online to patients in several
Italian regions > 30— < 60 days after diagnosis of COVID-
19; responses were recorded in an online Excel spreadsheet.
Access to the online response spreadsheet was limited to the
principal investigator.

The questionnaire was composed of three parts, each one
investigating a specific condition and its association with
COVID-19: (1) presence and characteristics of equilibrium
disorders; (2) presence and characteristics of tinnitus; (3)
presence/absence of migraine. For each condition, sever-
ity was investigated using a Visual Analogue Scale (VAS)

Table 1 Online questionnaire

Part 1: Equilibrium disorders (vertigo/dizziness)

Have you ever experienced vertigo/dizziness before COVID-19 diagnosis? (yes/no)

Have you started experiencing dizziness or vertigo after diagnosis of COVID-19? (yes/no)

If YES, please describe the characteristics of your symptoms (violent vertigo attacks/chronic dizziness/

instability)

Indicate the severity of your vertigo/dizziness (0—10)

Part 2: Tinnitus

Have you ever experienced tinnitus before COVID-19 diagnosis? (yes/no)

Have you started experiencing tinnitus after diagnosis of COVID-19? (yes/no)

If yes, please specify the characteristics of your tinnitus (occasional/continuous floating/persistent/pulsa-

tile/continuous)

Indicate the severity of your tinnitus (0-10)

Part 3: Migraine

Do you suffer from migraine? (yes/no)
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ranging from 0 (absent) to 10 (most severe); no decimals
were included in the scale [19, 20].

Statistical analysis

Prevalence of symptoms was calculated using Statistical
Packages for Social Sciences (SPSS), version 23, SPSS Inc.,
Chicago, IL, USA.

Results

One-hundred and eighty-five questionnaire responses from
185 patients with positive nasopharyngeal/oropharyngeal
swabs for SARS-CoV-2 in a period of > 30— < 60 days from
enrolment were received from May 5 to June 10, 2020.
Eighty-six patients (46.5%) were females and 99 were males
(53.5%). The mean age was 52.15 (SD + 13; median 53) with
arange of 19-81 years.

Equilibrium disorders

Thirty-four patients (18.4%), 20 females and 14 males,
reported balance disorders after COVID-19 diagnosis. Of
these, thirty-two patients reported dizziness (94.1%) and two
(5.9%) reported acute vertigo attacks [Fig. 1]. VAS score
mean for equilibrium disorders was 5.

Tinnitus

Forty-three patients (23.2%), 15 females and 28 males,
reported tinnitus after COVID-19 diagnosis. Tinnitus char-
acteristics were as follows:

e 17/43 (39.5%) described their tinnitus as recurrent
(comes and goes away during the day);
e 10/43 (23.3%) as occasional (episodic, sporadic);

Vestibular disorders in COVID-19
patients

dizziness
(94.1%)

acute vertigo
attack (5.9%)

Fig. 1 Equilibrium disorders in our sample after COVID-19 diagnosis

e 7/43 (16.3%) as continuous floating (continuous with
intensity changes throughout the day);

e 4/43 (9.3%) as persistent (always present, day and night);

e 3/43 (7.0%) as pulsatile (synchronous with heartbeat);

e 2/43 (4.6%) as continuous (always present with the same
intensity, making it difficult to fall asleep) [Fig. 2]. VAS
score mean for tinnitus was 5.

Fourteen patients (7.6%) reported both tinnitus and bal-
ance disorders after COVID-19 diagnosis corresponding to
32.6% of the patients with tinnitus (14/43) and 41.2% of the
patients with vestibular disorders (14/34).

Association between otoneurological disorders
and migraine

Migraine was present in 57 patients (30.8%). Eleven (5.9%)
patients with tinnitus diagnosis were also affected by
migraine, corresponding to 25.6% of all patients with tin-
nitus following COVID-19 diagnosis (11/43).

Thirteen (7.0%) patients with equilibrium disorders
were also affected by migraine, corresponding to 38.2% of
all patients with dizziness following COVID-19 diagnosis
(13/34).

Five (2.7%) patients with both tinnitus and balance dis-
orders after COVID-19 diagnosis were also affected by
migraine.

Discussion

Some viral infections are known to cause hearing loss, most
of them typically damaging inner ear cells [21]; however,
some viruses can also affect the auditory brainstem [22].

Coronavirus-related otoneurological symptoms, such as
tinnitus and balance disorders, have been described so far

Tinnitus in COVID-19 patients

X

100% (185)

M continuous 4.7% (2)
M occasional 23.3% (10)
i pulsatile 7% (3)

M continuous fluctuating 16.3% (7)
M persistent 9.3% (4)
u recurrent 39.5% (17)

Fig.2 Tinnitus in our sample after COVID-19 diagnosis
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[10, 23-29], as neurotrophic and neuroinvasive capabilities
are typical of some coronaviruses [30]. Previous studies on
other coronavirus infections showed a brain involvement,
focusing attention on the possible neuro-auditory impair-
ment following this infection [31, 32]. The effects of SARS-
CoV-2 on the neuronal tissue could be due to a direct infec-
tion of the central nervous system or related to a vascular
damage caused by vasculitis or vasculopathy, similarly to the
mechanism described for varicella zoster virus (VZV) and
human immunodeficiency virus (HIV) [31, 32]. The latter
could be supported by the evidence that COVID-19 patients
present direct signs of hypercoagulability [33].

Hearing alterations and balance disorders can be depend-
ent on vascular damage because the inner ear structures are
particularly susceptible to ischemia due to their character-
istics of terminal vasculature and high-energy requirement.
Both primary and secondary vasculitis are commonly asso-
ciated to audiovestibular symptoms, and primary cardiovas-
cular disease can presents episodes of dizziness [34, 35].
Several viral infections, such as hepatitis B and hepatitis C,
can be associated with vasculitis and published evidence
indicates that in COVID-19 vasculitis is one of the clinical
manifestation [36]. Additionally, benign paroxysmal posi-
tional vertigo has been clinically reported in COVID-19
patients, although data have not been published yet. It could
be hypothesized that prolonged hospitalization and bed rest
may be responsible for otolith detachment.

Despite the growing amount of scientific literature on
COVID-19, studies that correlate audiovestibular symptoms
to SARS-CoV-2 infection are still limited and further inves-
tigation is necessary for a better estimate of their incidence
[10, 23-29]. Furthermore, the incidence of audiovestibular
symptoms among patients infected with other types of coro-
navirus (i.e., MERS and SARS) is debated [28].

The reported prevalence of audiovestibular symptoms in
COVID-19 patients is very low. It is still unclear if this indi-
cates that these symptoms are rare or if the attention of the
researchers was more focused on potentially life-threatening
symptoms. In the medical literature, tinnitus and balance
disorder in COVID-19 patients have been reported in a few
studies without identifying common clinical characteristics.
Moreover, these reports do not describe in details the rela-
tionship with COVID-19 therapies, particularly with chlo-
roquine or hydroxychloroquine, that are well-known causes
of inner ear damage [16-18, 37]. Our results, although pre-
liminary, suggest that subjective otoneurological symptoms
such as tinnitus and balance disorders may be present in a
significant percentage of COVID-19 patients, and should,
therefore, be further investigated. It should be taken into
account the role of the central nervous system in the onset
of investigated symptoms, and especially for equilibrium
disorders for which it is impossible to discriminate through
our questionnaire the peripheral or central origin.
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Limits of this study

This preliminary study presents several limitations that
should be considered. The first is the absence of COVID-
19 severity evaluation among patients included in the
study. Therefore, the severity of the disease cannot be
correlated to the presence of the investigated symptoms,
as well as the effects of oxygen therapy on inner ear cir-
culation that may be present in patients that underwent
this type of support during treatment. The second is the
absence of clinical evaluation of these patients (otoscopy,
audiovestibular examination); however, the study investi-
gates specifically the newly onset of these symptoms and
exclude patients with pre-existing audiovestibular condi-
tions. The third is that the study has been designed as an
online reporting tool of subjective symptoms; such report-
ing may have been influenced by other factors that have
not been investigated such as the psychological status of
the patient.

Conclusion

Based on the preliminary results of this study, it could be
hypothesized that subjective otoneurological symptoms such
as tinnitus and balance disorders may be present in COVID-
19 patients free from possible bias introduced by pharmaco-
logical treatments. Further studies on larger samples are nec-
essary to investigate the pathophysiological mechanisms that
underlie the presence of these symptoms in SARS-CoV-2
infection and the persistence of these symptoms over time
and their possible transformation into chronic conditions.
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