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rSAiETAK )

Uvod/Cilj: lako smo vec¢ usli u tre¢u godinu pandemije, patofizioloski mehanizmi infekcije korona virusom
teskog akutnog respiratornog sindroma (SARS-CoV-2) i dalje nisu u potpunosti razjasnjeni. Simptomi
Cula mirisa i ukusa su povezivani sa ovom infekcijom od pocetka, ali do sada se nije puno govorilo o
drugim senzornim sistemima, na prvom mestu culu sluha i ravnoteze. Cilj ovoj revijalnog rada je da
sumira podatke i najnovija saznanja iz literature i da pokusa da odgovori na pitanje da li postoji uzrocna
povezanost izmedu COVID-19 i oStecenja unutrasnjeg uva.

Metode: U okviru ovog preglednog rada su prikazani najnoviji podaci i dokazi dobijeni na osnovu
pretraZzivanja baze podataka PubMed koris¢enjem odgovarajucih klju¢nih reci: COVID-19, hearingloss,
tinnitus i vertigo. Prilikom pretrage identifikovano je preko 460 publikacija. Nakon pregleda naslova i
apstrakata, vecina radova su iskljuceni iz dalje analize jer nisu ispunili kriterijume sistematskog pregleda.
Rezultati: Ukupno 16 radova koji su ispunili zadate kriterijume pregledani su u celini. Rezultati meta-
analize su ukazali na to da je stopa pojave osteéenja sluha 3,1% (Interval poverenja - IP: 0,01-0,09),
zujanja u uvu 4,5% (IP: 0,012-0,153) i nesvestice 12,2% (IP: 0,070-0,204).

Zakljucak: Vecina publikovanih radova ima nedostataka i veliki rizik pristrasnosti (bez kontrolne grupe,
sa dosta nedostajucih podataka i bez osvrta na pridruzene faktore). Za sada joS uvek nije moguce sa
sigurnoscu tvrditi da postoji uzrocna povezanost izmedu ove infekcije i oStecenja Cula sluha i cula za

ravnotezu.

Q(Ijuéne reci: Covid-19, ostecenje sluha, SARS-CoV-2 virus, tinitus, vrtoglavica /

Uvod

Svetska zdravstvena organizacija (SZO) je ob-
javila pandemiju bolesti izazvane korona virusom
(engl. Coronavirus Disease — COVID-19) 11. marta
2020. godine i u ovom trenutku u toku smo trece
godine pandemije sa skoro 500 miliona zaraZenih
osoba i vise od 6 miliona umrlih (1). U pocetku su
samo respiratorni i gastrointestinalni simptomi bili
dobro opisani, ali tokom prethodne dve godine
mnostvo drugih simptoma povezanih sa ovom in-
fekcijom je prijavljeno u literaturi. Poremedaji ¢ula
mirisa i ukusa (hiposmija/anosmija i hipogeuzija/
ageuzija) navedeni su kao karakteristi¢ni simptomi
na pocetku pandemije i ostaju najcesée prijavl-
jivani simptomi povezani sa uhom, grlom i nosem
do sada.

Primeéene su neurotropne karakteristike
virusa, a do 30% pacijenata iskusi neuroloske man-
ifestacije ove bolesti (2,3). Ranije je dokazano da
virusi mogu da dovedu do naglog, akutnog senzo-
rineuralnog ostecenja sluha (eng. Sudden Senso-
riNeural Hearing Loss — SSNHL) ili akutne unilat-
eralne periferne vestibulopatije (4,5). Predlozeni
mehanizmi uklju¢uju direktno virusno osteéenje
lavirinta ili nerva, reaktivaciju latentnog virusa, ili
posredovani imuni mehanizam kod sistemske vi-
rusne infekcije (6,7). Desetak studija slucaja i serija
slu¢ajeva je publikovano u literaturi od pocetka
pandemije ukazujuéi da virus SARS-CoV-2 takode
moZe da dovede do ostecenja sluha ili poremeca-
ja ravnoteze preko nekoliko prethodno opisanih
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KSUMMARY

Introduction/Aim: Although we have already entered the third year of the pandemic, the
pathophysiological mechanisms of Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2)
infection are still not fully elucidated. While symptoms of smell and taste dysfunction have been
associated with this infection from the beginning, not much has been reported on other sensory systems,
in the first place the hearing and balance. The aim of this review paper is to summarize data from the
literature and the latest publications and answer the question whether there is a causal link between
COVID-19 and inner ear damage.

Methods: This review paper presents the latest data and evidence obtained from search of PubMed
database by keywords: COVID-19, hearing loss, tinnitus and vertigo. The search identified more than 460
publications. After reviewing the title and abstract, most papers were excluded due to non-compliance
with the eligibility criteria.

Results: A total of 16 papers fulfilled the eligibility criteria and were reviewed in their entirety. The
results of the meta-analysis indicated that the incidence of hearing loss was 3.1% (Confidence Interval -
Cl: 0.01-0.09), of tinnitus 4.5% (Cl: 0.012-0.153), and dizziness 12.2% (Cl: 0.070-0.204).

Conclusion: Most published papers are characterized by limitations and high risk of bias (no control arm,
missing data, and no reference to confounding factors). For now, no certain causal relationship between

N

this infection and damage to the senses of hearing and the sense of balance can be established.

Key words: Covid-19. hearing loss, SARS-CoV-2, tinnitus, vertigo /

Introduction

The pandemic of corona virus disease (COVID-
19) was announced on 11 of March of 2020 by
the World Health Organization (WHO) and at this
point, we are into its third year, with almost 500
million infected individuals and over 6 million
dead (1). In the beginning, only respiratory and
gastrointestinal symptoms were well described,
but during previous two years, a plethora of other
symptoms connected with this infection were
reported in the literature. A dysfunction of smell
and taste (hyposmia/anosmia and hypogeusia/
ageusia) were listed as hallmark symptoms early
in the pandemic and remain most commonly
reported ear, nose and throat symptoms up to
date.

The neurotropic properties of the virus were
observed and up to 30% of patients experience

neurological manifestations of the disease (2,3). It
has been shown previously that viruses can lead
to sudden sensorineural hearing loss (SSNHL) or
acute unilateral peripheral vestibulopathy (4,5).
The proposed mechanisms include direct viral
invasion of the labyrinth or nerve, reactivation
of latent virus, or immune-mediated mechanism
in systemic viral infection (6,7). A dozen of case
reports and case series appeared in the literature
from the beginning of pandemic suggesting
that SARS-CoV-2 virus could also lead to hearing
loss or balance disorders via several previously
well described pathways: vascular, metabolic,
autoimmune, or inflammatory (6). While it was
of utmost importance to draw attention of the
physicians to any new possible symptoms or organ
damage in this disease, uncritical publishing, and
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puteva: vaskularnog, metaboli¢ckog, autoimunsk-
og, ili inflamatornog (6). Dok je od najvece vazno-
sti bilo skrenuti paznju lekarima na nove moguce
simptome ili oSteéenja organa u ovoj bolesti,
nekriticko objavljivanje i nedostatak pazljivog pro-
cesa strucne recenzije tokom pandemije doveli su
do ozbiljnih pristrasnosti i netacnih povezanosti.

Do sada je objavljeno nekoliko sistematskih
prikaza i dve meta-analiza o ovoj temi, ali zbog
ozbiljnih nedostataka objavljene literature (nekon-
trolisane studije, nedostajuéi podaci, pristrasnost
prisec¢anja, informativna pristrasnost i pridruze-
ni faktori), veza izmedu KOVID-19 oboljenja i
oSteéenja sluha ili vrtoglavice ostaje nesigurna.
Takode, vecina objavljenih studija ne potvrduje
i ne prikazuje ¢injenice da je tokom pandemije
vecéina pacijenata lecena ototoksi¢nim lekovima:
hidroksihlorokin, azitromicin, i lopinavir-ritonavir,
da nabrojimo samo nekoliko, koji bi sami po sebi
mogli da budu uzrok ostecenja Cula sluha i ves-
tibularnog ostecenja (8). Da stvari budu jos teze,
od januara 2021. godine pojavio se jedan broj iz-
vestaja o ostecenju sluha i nesvestici nakon jedne
ili dve doze vakcine protiv KOVID-19. lako su te in-
formacije ve¢ dovedene u pitanje (9), reference za
ove tvrdnje se i dalje mogu nadi Sirom Interneta.

Cilj ovog rada bio je da se pretraZi relevantna
literatura i najnoviji rezultati i da se odgovori na pi-
tanje da liimamo dovoljno dokaza da pretpostavi-
mo uzroc¢no-posledi¢nu vezu izmedu KOVID-19
oboljenja i oSte¢enja sluha i vrtoglavice. Takode,
cilj je da se istaknu nedostaci u dostupnoj litera-
turi i rasvetle audio-vestibularni simptomi nakon
vakcinacije.

Metode

Pretrazivanje i pregled literature dostupne na
engleskom jeziku putem PubMed baze podata-
ka bilo je fokusirano na audioloske i vestibularne
manifestacije Kovida-19. Klju¢ne reci (MeSH ter-
mini) ukljucivale su sledeée: ,,COVID-19“ ,hearing
loss”, ,tinnitus” i ,vertigo“. Poslednje pretraZivan-
je literature je bilo 1. aprila 2022. PretrazZivanje je
iznedrilo 460 radova koji su filtrirani pregledom
naslova i saZetaka, a zatim uz pomoc¢ sledecih krit-
erijuma: (1) rad utvrduje direktnu temporalnu vezu
izmedu novo dijagnostifikovanog osteéenja sluha i
infekcije Kovidom-19 (do 4 nedelje), (2) infekcija
se dokazuje testom lancane reakcije polimeraze
(PCR) ili detekcijom specificnih antitela uz pomo¢

seroloskog testa (poZeljno 1gM) po preporukama
(20) ili prijavom prijema u bolnicu zbog virusne
pneumonije, (3) i drugi razlozi, koji mogu da izaz-
ovu senzorno ostecéenje Cula sluha, su iskljuceni ili
barem navedeni. Od svih radova koji su prvobitno
identifikovani, samo 16 radova je zadovoljilo sva tri
gore navedena kriterijuma. Metodologija je bila u
skladu sa preporucenim PRISMA protokolom (eng.
Preferred Reporting Items for Systematic Reviews
and Meta-analyses) (11). Analizirane primarne
studije su imale visok rizik od pristrasnosti (pris-
trasnost izveStavanja, informativna i druge vrste
pristrasnosti).

Rezultati

Ostecenje sluha

Izolovani prikazi slucaja su pregledani i kratko
razmotreni zbog ozbiljnih ograni¢enja u prikaziva-
nju. Prvi rad o mogucoj vezi izmedu ostecenja
sluha i Kovida-19 je objavljen rano na pocetku
pandemije, u maju 2020 (12). Rad je bio u formi
preliminarnog prikaza, dok su mnogi vazni detalji
o pacijentima nedostajali (bez informacije o tes-
tovima, vremenske uskladenosti, pre ili post-au-
diograma ili moguéim pridruzenim faktorima).
Usledili su drugi prikazi slucaja, i vecina njih je bila
zasnovana na pojedina¢nim izvestajima nedovol-
jnog kvaliteta, dok je samo nekoliko ispunilo sve
preporucene kriterijume (13-17).

Bilo je drugih prikaza o uticaju Kovida-19, koji
su poredili broj pacijenata sa SSNHL sa periodom
pre pandemije (18). lako je primecen ozbiljan
pad apsolutnih brojeva pacijenata sa SSNHL, nije
primecena promena u procentima pacijenata kod
kojih je dijagnostikovan SSNHL u poredenju sa uk-
upnim brojem pregledanih pacijenata tokom dva
perioda istrazivanja, tako da nije pronadena veza
izmedu Kovida-19 i SSNHL-a.

U vedini objavljenih studija o simptomima un-
utrasnjeg uva se, nazalost, javlja nedostatak odgo-
varajucih dijagnostickih podataka i one se zasni-
vaju na subjektivnim merama koje su koris¢ene
za procenu simptoma ostecenja sluha ili stepena
nestabilnosti (19,20). MoZe se tvrditi da bi u toku
visoko zarazne bolesti bilo tesko i neprakti¢no ko-
ristiti standardnu opremu zbog teskoca u sanaciji
i obzirima klinickog okruzenja. Medutim, bez au-
diometrije (pocetna vrednost, pre bolesti, i druga,
nakon Sto je primeceno ostecenje sluha), nemo-
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lack of careful peer review process during the
pandemic also brought forth serious biases and
spurious conjunctions.

Up to date, several systematic reviews and
two meta-analyses were published on this topic,
but due to serious limitations of the published
literature (uncontrolled studies, missing data, recall
and information bias, confounding factors, etc.)
the association between COVID-19 and hearing
loss or vertigo remains uncertain. Furthermore,
most of the published studies fail to acknowledge
and account to the fact that, during the pandemic,
the majority of patients were treated with
ototoxic drugs: hydroxychloroquine, azithromycin,
and lopinavir-ritonavir, to name just a few, which
could also be cause of hearing loss and vestibular
dysfunction on their own (8). To aggravate matters
further, since January 2021, a number of reports
emerged on hearing loss and dizziness after one or
two doses of COVID-19 vaccines. Although already
guestioned, the references to these claims can still
be found online (9).

The aim of this paper was to search relevant
literature and the latest findings and to answer
the question whether we have enough proofs to
assume causal association between COVID-19 and
hearing impairment and vertigo. Moreover, it will
point out the deficiencies in the available literature
and hopefully shed a light on post-vaccination
audio-vestibular symptoms.

Methods

The search and review of the literature
available in English language was performed using
PubMed database, with a focus on audiological
and vestibular manifestations of COVID-19. The
key words (MeSH terms) used were: “COVID-
19”, “hearing loss”, “tinnitus” and “vertigo”. The
last literature search was performed on April 1,
2022. The search yielded 460 papers which were
filtered by screening of title and abstract, and
then using the following criteria: (1) the paper
establishes a direct temporal link between newly
diagnosed hearing loss and COVID-19 infection
(up to 4 weeks), (2) the infection was proven by
Polymerase Chain Reaction (PCR) test or detection
of specific antibodies by serology (preferably
IgM) as recommended (10) or report of a hospital
admission due to viral pneumonia, (3) and other
reasons that can cause a sensory deficit in hearing

are ruled out or at least acknowledged. Of all
paper initially identified, only 16 fulfilled all three
criteria mentioned above. The recommended
PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-analyses) were followed as
recommended (11). The discussed primary studies
had high risks of bias (reporting bias, information
bias, and other types of bias).

Results

Hearing loss

Isolated case reports were screened and only
briefly referred to due to severe deficiencies in
the reporting. The first ever paper on possible
connection between hearing loss and COVID-19
was published relatively early in the pandemic, in
May 2020 (12). It was in a form of a preliminary
report, with many important patients’ details
lacking (no information on tests, temporal
concordance, pre- or post-audiological data, or
possible confounding factors). Other case reports
followed, and the vast majority of them were
anecdotal and of insufficient quality, with only
several of them fulfilling all the recommended
criteria (13-17).

There are other reports on impact of COVID-
19 which compared total numbers of patients
with SSNHL with the pre-pandemic period (18).
Although serious decline in absolute number of
patients who presented with SSNHL was observed,
no change in percentages of patients diagnosed
with SSNHL compared to the total number of
examined patients was observed in the two
examined periods, so no association between
COVID-19 and SSNHL could be found.

Most of the published studies on inner
ear symptoms unfortunately lack the proper
diagnostics data and are based only on subjective
measures used to assess the symptoms of hearing
loss or degree of instability (19,20). It could be
argued that in times of highly infectious disease, it
would be hard and impractical to use standardized
equipment due to difficulties in sanitation and
clinical environment concerns. But without
audiometry (baseline reference, pre-disease,
and second, after hearing loss was noticed) it is
impossible to make the diagnosis of SSNHL (=30
dB on three contiguous frequencies in 72 h) (6).
Furthermore, making the diagnosis of hearing loss
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guce je postaviti dijagnozu SSNHL (>30 dB na tri
uzastopne frekvencije tokom 72h) (6). Takode,
postavljanje dijagnoze ostecenja sluha koja se zas-
niva samo na subjektivno prijavljenim merama ili
upitnicima nije ¢vrsto nauc¢no utemeljeno i doka-
zano je, ne samo da audiometrijski pragovi nisu
u korelaciji sa subjektivno prijavljenim stepenom
ostecenja sluha (21), ve¢ da subjektivno oStecenje
sluha zavisi od stepena neuroticizma i sposobnosti
pojedinaca da se izbore (22).

U jedinoj meta-analizi koja je objavljena do
sada, prijavljena stopa pojave (eng. event rate —
ER, pojavna ucestalost dogadaja) osteéenja sluha
bila je 3,1% (Interval povrenja - IP: 0,01-0,09) na
osnovu ukupnog broja pacijenata koji je iznosio
560 (23). Ovu stopu pojave bi trebalo interpretira-
ti uz oprez zbog niskog nivoa dokaza u primarnim
studijama i velike heterogenosti.

Zujanje u uvu - tinitus

Ukupno 90 objavljenih radova opisuje tinitus
ili kao prateéi simptom tokom infekcije ili retko,
kao izolovan simptom. Ne postoje studije koje pri-
javljuju psihometrijsku evaluaciju zujanja u usima,
ili njegovo trajanje, simptom skor i uticaj; samo u
jednom radu je uporedena frekvencija i intenzitet
(24). Prijavljena zbirna procenjena prevalencija ti-
nitusa nakon infekcije Kovidom-19 je 8% (IP: 5 do
13%), a ER je 4,5% (IP: 0,012-0,153) (22-24). Treba
navesti da emocionalni faktori, poput anksioznosti,
straha, stresa i loSeg kvaliteta sna tokom pandemi-
je takode mogu da igraju vaznu ulogu u percepciji
i pogorsanju tinitusa, pogotovo kod osoba koje su
bile u karantinu (25).

Vrtoglavica

Vrtoglavica je opsti termin i medicinska dijag-
noza i obi¢no oznacava iskustvo rotacione senzaci-
jeikretanja zbog nistagmusa. S druge strane, kada
govorimo o nesvestici (eng. dizziness), obi¢no se
to odnosi na osecaj gubitka svesti, osecaj lakoce
u glavi, osecaj slabosti, ili nestabilnosti. Nazalost,
zbog nedostatka jedinstvenog sistema klasifi-
kacije, ova dva razli¢ita termina se Cesto koriste
naizmenicno u literaturi, bez pravljenja razlike. U
vecini objavljenih studija o subjektivnim prikazi-
ma simptoma tokom Kovida-19, autori prijavljuju
osecaj nesvestice, a ne vrtoglavice. Pored toga, ev-
identan je visok rizik pristrasnosti izveStavanja, kao
i nedostajuci podaci; samo jedna studija je opisala
jednog pacijenta sa kompletnim objektivnim ves-

tibularnim testiranjem i opisom nistagmusa (26).
U jednom objavljenom sistematskom prikazu i
meta-analizi, stopa pojave (ER) nesvestice bila je
12,2% (IP: 0,070-0,204) (23), dok je zbirna procena
prevalencije rotatorne vrtoglavice bila mnogo niza
3,4% (IP: 1,1-6,9), kao Sto je i bilo ocekivano (27).

Veza izmedu simptoma unutrasnjeg uha i
vakcinacije protiv KOVID-19

Nekoliko anegdotalnih prikaza slucaja zasno-
vanih na pojedinacnim izvestajima se pojavilo u
literaturi o SSNHL nakon vakcinacije protiv Kovida-
19. Preporuceni dijagnosticki kriterijumi ili nisu bili
praceni ili nisu prikazani u objavljenim radovima,
tako da ozbiljnost slucajeva nije mogla biti utvrde-
na. U jednoj studiji preseka koja je ukljucila ukupno
555 izvestaja o verovatnom SSNHL u okviru Sistema
za prijavljivanje neZeljenih efekata vakcine (engl.
Vaccine Adverse Events Reporting System — VAERS)
Centra za prevenciju i kontrolu bolesti Sjedinjenih
Americkih DrZava, rezultati nisu ukazali na vezu
izmedu vakcinacije protiv KOVID-19 i povecane in-
cidencije oSteéenja sluha u poredenju sa ocekiva-
nom incidencijom u opstoj populaciji (9).

Diskusija

Osteéenje audio-vestibularnog sistema u
Kovid-19 infekciji ostaje mogucénost. Ostecenje os-
etljivih struktura unutrasnjeg uha moze se poveza-
ti sa direktnim uticajem virusa, ali se takode moze
dovesti u vezu sa posredovanim imunskim odgov-
orom. Krvni sudovi, limfni sistem, nervi i u nekim
sluajevima meninge, predloZeni su kao putevi
ulaska virusa (14,19). Ta¢na anamneza i objektiv-
no testiranje kljuéni su za pravilnu identifikaciju
oStecenja i mogudéu etiopatogenezu. Druge mo-
guénosti i potvrdeni slucajevi ostecenja unutrasn-
jeg uha moraju biti isklju¢eni pre postavljanja
konacne dijagnoze ili bilo kakvih tvrdnji o uzro€noj
vezi. Naime, kod svih Kovid-19 pacijenata bi treba-
lo istraziti i iskljuciti prethodnu istoriju izloZzenos-
ti buci, traume glave, autoimune bolesti, i druge
bolesti unutrasnjeg uva, poput Menierove bolesti.
Takode je postavljena hipoteza da sinergijski au-
dio-vestibularni nezeljeni efekti mogu da se jave
kod primene mnogih ototoksi¢nih Kovid-19 lekova
(hidroksihlorokin, azitromicin, lopinavir-ritonavir,
remdesivir, favipiravir, furosemid, itd.) (8). Drugi
faktori, kao sto su starija Zivotna dob, neprepozna-
to oSteéenje Cula sluha, genetska predispozicija
i smanjena eliminacija lekova mogu takode odi-
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based only on subjective reported measures or
guestionnaires is not scientifically sound and has
been proven not only that audiometric thresholds
do not correlate well with subjective reported
hearing level (21), but also that subjective hearing
disability depends on the degree of neuroticism
and coping expectancy of the individuals (22).

In the only one meta-analysis published so
far, the reported event rate (ER, the occurrence
frequency of the event) in case of hearing loss was
3,1% (ClI: 0.01-0.09) based on total population of
560 patients (23). This ER should be interpreted
with caution due to low level of evidence in
primary studies and high heterogeneity.

Tinnitus

A total of 90 published papers are describing
tinnitus either as concomitant symptom during the
infection or rarely, as isolated one. There are no
studies which report psychometric evaluation of
the tinnitus, or its duration, resolution of symptom
and impact; only one reported its matching
frequency and intensity (24). The reported pooled
estimated prevalence of tinnitus after COVID-
19 infection is 8% (Cl: 5 to 13%) and ER is 4.5%
(Cl: 0.012-0.153) (23-25). It should be noted that
other emotional factors, such anxiety, fear, stress,
and poor sleep quality during the pandemic
can also play a significant role in perceiving and
aggravation of tinnitus, especially in persons who
were quarantined (25).

Vertigo

Vertigo is a general term and medical diagnosis
and usually implies experiencing rotatory
sensation and movement due to nystagmus. On
the other hand, when we talk about dizziness, we
usually refer to feeling faint, light-headed, weak,
or unsteady. Unfortunately, due to lack of uniform
classification systems, these two different terms
are commonly used interchangeably in literature.
In most of the published studies with subjective
reports on symptoms experienced during COVID-
19, authors report the feeling of dizziness, not
vertigo. Furthermore, the high risk of reporting
bias and missing data is evident; only one study
described one patient with complete objective
vestibular testing and description of nystagmus
(26). In published systematic review and meta-
analysis, ER of dizziness was reported to be 12.2%
(ClI: 0.070-0.204) (23), while pooled estimate of the

prevalence of rotatory vertigo (without dizziness)
was much lower 3,4% (Cl: 1,1-6,9), as expected (27).

Association of inner ear symptoms and COVID-
19 vaccination

Several anecdotal case reports have also
occurred in literature on SSNHL after COVID-19
vaccination. The recommended diagnostic criteria
for SSNHL were either not followed or not reported
in the published papers, so the severity of cases
could not be established. In the cross-sectional
study of all 555 incident reports of probable SSNHL
in the Centers for Disease Control and Prevention
Vaccine Adverse Events Reporting System (VAERS),
findings did not suggest an association between
COVID-19 vaccination and increased incidence
of hearing loss compared with the expected
incidence in the general population (9).

Discussion

The damage of audio-vestibular system in
COVID-19 infection remains a possibility. While
damage of the sensitive inner ear structures can
be related to direct effect of the virus, it could
also be related to the virus-mediated immune
response. Blood vessels, lymphatics, nerves
and in some cases, meninges have all been
proposed as entry routes for the virus (14,19).
An accurate anamnesis and objective testing are
crucial for correct identification of damage and
possible etiopathogenesis. Other possibilities
and confirmed causes of inner ear damage must
be ruled out before making the final diagnosis
or any claims of causal relationship. Namely,
previous history of noise exposure, head trauma,
autoimmune diseases, and other inner ear
diseases such as Meniere disease should always be
actively searched for and ruled out in all COVID-19
patients. It hasalso been postulated that synergistic
adverse audio-vestibular effects may occur with
coadministration of multiple ototoxic COVID-
19 drugs (hydroxychloroquine, azithromycin,
lopinavir-ritonavir, remdesivir, favipiravir,
furosemide, etc.) (8). Other factors, such as old
age, unrecognized hearing impairment, genetic
susceptibility and reduced drug elimination can
also play significant role in the inner ear damage.
Unfortunately, this is not acknowledged in most of
the published studies to date.

The uncritical and mass publishing from the
beginning of the pandemic has led to hundreds
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grati vaznu ulogu u oSte¢enju unutrasnjeg uva.
Nazalost, to nije potvrdeno u vedini studija koje su
do danas objavljene.

Nekriticko i masovno objavljivanje od pocetka
pandemije dovelo je do objavljivanja na stotine
studija loSeg kvaliteta izveStavanja. Kvalitet skoro
svih ocenjenih studija u ovom rukopisu smatra
se slabim, zbog nekontrolisanog dizajna i sklono-
sti ka pristrasnosti informacija i selekcije, gresa-
ka merenja i pridruzenih faktora. U drugoj godini
pandemije, mnogi objavljeni radovi su unapredili
kvalitet prikazanih dokaza, a potpuni audiometrij-
ski podaci, vestibularno testiranje i neuro sniman-
je su bili dostupni. Osim ovih prikaza slucaja, studi-
ja preseka sa jednom grupom i kohortnih studija,
do sada su objavljena Cetiri sistematska pregle-
da i dve meta-analize o ovoj temi (23,25,27-29).
Medutim, zbog velike heterogenosti podataka, vi-
sokog rizika pristrasnosti u primarnim studijama i
faktora zabune, rezultate svih ovih studija bi treba-
lo interpretirati uz oprez. U jednoj od meta-analiza
koje su primenjivale konzervativnije kriterijume,
procene zbirne prevalencije i intervali poverenja
za ostecenje sluha, zujanje u usima i vrtoglavicu
bili su 3,86% (95% IP: 0,84-8,42), 9,62% (95% IP:
3,60-18,13), i 2,4% (95% IP: 0,47-6,01) (29). lako
su procene revidirane i stope su pale za skoro 50%
za osStecenje sluha i vrtoglavicu i viSe od 98% uk-
ljuCenih pacijenata je imalo pozitivan PCR test,
autori i dalje insistiraju na oprezu prilikom tu-
macenja podataka. | dalje postoji puno faktora koji
mogu da igraju ulogu u patofiziologiji oStecenja
unutrasnjeg uha, a koji nisu mogli biti kontrolisani.

Autori nedavno objavljene studije su pokusali
da razjasne da li postoji prava veza izmedu Kovida-
19 i auditornih simptoma poredeci ih sa drugim
tipovima simptoma: oni sa dokazanom vezom sa
Kovidom-19 (gubitak ¢ula mirisa i ukusa) i oni koji
nemaju utvrdenu vezu (zubobolja) (30). S obzirom
da je vise od 60% ucesnika sa potvrdenim ili vero-
vatnim Kovidom-19, osim simptoma unutrasnjeg
uha, prijavilo da je bolest uticala na zubobolju,
autor nije mogao odrediti da li su ovi simptomi
zaista povezani sa Kovidom-19 ili odrazavaju
nocebo efekat (novi ili pogorsanje postojecih simp-
toma koji se razvijaju zbog negativnih informacija
ili uverenja povezanih sa zdravljem). Oni su takode
postavili hipotezu da to moZze biti zbog moguénosti
da su ucesnici bili visoko osetljivi na somatske sen-
zacije ili zbog zdravstvene anksioznosti (31).

Zakljucak

U ovom preglednom radu je detaljno ispita-
no Sesnaest studija. Objavljeni sistematski pre-
gledi i meta-analize su pokazali da je prevalencija
ostecenja sluha, zujanja u usSima i nesvestice znaca-
jno visa kod pacijenata sa Kovidom-19. Medutim,
imajuci u vidu lo$ kvalitet primarnih studija i visok
rizik od pristrasnosti, ove nalaze bi treba inter-
pretirati uz oprez. Na osnovu dostupnih dokaza, i
dalje nije mogude ustanoviti uzro¢nu vezu izmedu
Kovida-19 i oSteéenja unutrasnjeg uha. Potrebno
je vise studija dobrog dizajna i dodatnih procena
sa standardnim objektivnim testovima da bi se u
potpunosti razjasnila incidencija i ozbiljnost simp-
toma unutrasnjeg uha kod Kovid-19 bolesti.
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of published studies with poor reporting quality.
The quality of almost all assessed studies in this
manuscript were regarded as weak because of
uncontrolled design and proneness to selection
and information bias, measurement errors
and confounding factors. In the second year of
pandemic, many published papers improved the
quality of reported evidence, and full audiometry
data, vestibular testing and neuroimaging was
available. Apart from case reports, single-arm
cross-sectional and cohort studies, up to date
four systematic reviews and two meta-analyses
were also published on this subject (23,25,27-29).
However, due to high heterogeneity of the data,
high risk of bias in primary studies and confounding
factors, results of all these studies should be
interpreted with caution. In one of the meta-
analyses which applied more conservative criteria,
pooled prevalence estimates and confidence
intervals for hearing loss, tinnitus and vertigo
were 3.68% (95% Cl: 0.84-8.42), 9.62% (95%
Cl: 3.60-18.13), and 2.4% (95% CI: 0.47 - 6.01),
respectively (29). Although the estimate was
revised and rates fell for almost 50% for hearing
loss and vertigo and more than 98% of included
patients had positive PCR test, authors still urge
caution in interpreting the data. There are still
many contributing uncontrolled factors that can
still play a role in pathophysiology of inner ear
damage.

The authors of recently published study tried
to elucidate if there is true association between
COVID-19 and auditory symptoms by comparing
them with other types of symptoms: those
with proven association with COVID-19 (loss of
smell and taste) and those with no established
association(toothache) (30). Since over 60% of
participants with confirmed or probable COVID-
19, apart from inner ear symptoms, reported that
their toothache had also been affected by the
disease, the authors could not determine whether
these symptoms are indeed associated with
COVID-19 or they reflect nocebo effect (new or
worsening of the existing symptoms that develop
due to negative health/related information or
belief). They also postulated that it could be due to
a possibility that participants were highly sensitive
to somatic sensations or health anxiety (31).

Conclusion

This review examined sixteen studies in detail.
Published systematic reviews and meta-analyses
have demonstrated that the prevalence of hearing
loss, tinnitus and dizziness is significantly higher
in patients with COVID-19. However, given the
poor quality of primary studies and high risk of
bias, these findings should be interpreted with
caution. Based on the available evidence, it is still
not possible to ascertain the casual relationship
between COVID-19 and inner ear damage. More
well-designed studies and follow-up assessments
with standard objective tests are needed to fully
elucidate incidence and severity of inner ear
symptoms in COVID-19 disease.
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