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IN TRO DUC TION

Sev eral dif fer ent classes of an ti bi ot ics have been linked to
hear ing dis or ders, ver tigo, and tinnitus – to gether re ferred
to as ototoxic ef fects of an ti bi ot ics [1]. These in clude
amino glycosides with all com pounds linked to a de gree of
ototoxicity, macrolides, tetracyclines, and glycopeptides.
Dif fi cul ties con cern ing as sess ment and quan ti fi ca tion of
ototoxicity are one of the rea sons for the lack of knowl edge 
about hear ing and ves tib u lar dis or ders among other classes 
of an ti bi ot ics than aminoglycosides [2–4]. There is also a
no tion that the mor bid i ties such as hear ing loss or ver tigo
caused by an ti bi otic drugs are not as es sen tial as the life
saved by these cur ing agents [1]. This re view is a means to
de scribe the po ten tial ototoxic side ef fects of the ma jor
groups of an ti bi ot ics.

WHAT IS OTOTOXICITY?

Ototoxicity can be de scribed as a toxic ef fect to the in ner
ear caused by drugs and other chem i cal agents [1]. The
dam age can be lo cated in the co chlea, the ves tib u lar sys -
tem, and the vestibulocochlear (VIII) nerve [5]. Deaf ness
is caused when an ti bi otic drugs dam age the hair cells in the
or gan of Corti so the sound waves can no lon ger be con -
verted into ac tion po ten tials and per ceived as sound. By
anal ogy, the re cep tor hair cells in the ves tib u lar sys tem (in
the utricle and saccule) can no lon ger trans mit in for ma tion

about body po si tion ing when these hair cells are im paired.
Bi lat eral ototoxic dam age to the ves tib u lar sys tem of ten
causes no nys tag mus or ver tigo while in bed or at rest, but
these symp toms un cover in ev ery day life and di min ish the
qual ity of life of the pa tient [6]. This is caused by the loss of 
in te gra tion of in for ma tion about one’s body po si tion and
its sur round ings as one of the ma jor sys tems are dam aged
[7]. It is im por tant to note that hear ing loss or dim i nu tion
oc curs in de pend ently of ver tigo which is as so ci ated with
ototoxicity [8]. The dam age done by an ti bi ot ics other than
aminoglycosides tends to be re vers ible, ex cept cases of
big ger dos ages, pa tients with re nal im pair ment or other as -
so ci ated un der ly ing con di tions.

MECH A NISM OF OTOTOXICITY

The mech a nisms that are re spon si ble for ototoxic ef fects of 
an ti bi ot ics are still in need to be stud ied as only one group
of an ti bi ot ics – aminoglycosides – was con sid ered more
ex ten sively. Hear ing loss has been as so ci ated with the ac -
cu mu la tion of aminoglycosides in hair cells as dem on -
strated by the an i mal study of flu o res cent gentamicin [9].
Gentamicin’s ac cu mu la tion in the perilymph and endo -
lymph was noted as well [4]. As in creased aminoglycoside
con cen tra tions in flu ids bath ing bull frog’s sacculus re cep -
tor hair cells were shown to block re cep tor sig nals by in ter -
act ing with transduction chan nels, this could be a part of
the ves tib u lar dam age mech a nism caused by amino -
glycosides [10]. Vestibulotoxicity in cludes dam age to
both type I and II hair cells with type I be ing more sus cep ti -
ble. It is in ter est ing to note that ototoxic aminoglycosides
tend to dam age the base of the co chlea first and only then
im pair re cep tor cells up to the apex [11]. As the re cep tion
of sound is ar ranged ac cord ing to the fre quen cies of sound
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Sum mary. Ototoxicity is de scribed as the tox ic ity to the ear: the co chlea, the ves tib u lar sys -
tem, and the au di tory nerve and can be a re sult of the side ef fect of a drug. When ototoxicity is
caused by drugs, in par tic u lar, an ti bi ot ics, the de gree of dam age might vary while the ef fects
can be re vers ible (tem po rary) or ir re vers ible (per ma nent).

Ver tigo and hear ing loss are the main side ef fects of ototoxic an ti bi ot ics. Ver tigo is a
false feel ing that ob jects around peo ple are mov ing while ac tu ally they are not. It might be
fol lowed by nau sea and vom it ing, ac com pa nied by nys tag mus and ataxia. Hear ing loss may
range from the in abil ity to hear high-fre quency sounds to com plete deaf ness.

Cur rently, there is not enough in for ma tion col lected about these se vere ef fects that can
com pli cate the use of an ti bi ot ics and even dis turb pa tient’s daily life.

In this ar ti cle, we re view an ti bi otic-in duced ototoxicity and ver tigo ef fect as well as de -
scribe the ma jor agents caus ing these side ef fects.
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waves (tonotopically), the dis tur bance caused by amino -
glycosides first oc curs in high-fre quency re cep tor cells [6,
12]. How ever, the ac cu mu la tive cel lu lar ef fect is not con -
sid ered to be a ma jor path way of ototoxicity, its im por -
tance re mains con tro ver sial [1]. Aminoglycosides were
also shown to in duce apoptosis of sen sory cells and in -
crease the amount of re ac tive ox y gen spe cies (ROS) caus -
ing cel lu lar dam age [13–17]. The outer hair cells are more
sus cep ti ble to dam age [18]. The role of ROS is also sub -
stan ti ated in an an i mal study in volv ing NF-E2-re lated fac -
tor (Nrf2) knock out mice which showed more severe oto -
toxicity af ter gentamicin treat ment as the gene for pro duc -
ing an ti ox i dant en zymes was knocked-out [19]. Clin i cal
use of an ti ox i dants in pre vent ing ototoxicity re mains con -
tro ver sial [1]. Mi to chon drial rRNR mu ta tions are also con -
sid ered as one of the fac tors of aminoglycoside ototoxicity
[4]. The sec ond in volve ment of mi to chon dria in the mech -
a nism of ototoxicity is the re lease of the pro-apoptotic fac -
tors af ter the in crease of mem brane per me abil ity due to
pos si ble ac ti va tion of aminoglycoside-in duced c-Jun
N-ter mi nal kinase (JNK) cas cade or by a sim i lar MAP
kinase  path  way f i  nal ly  lead ing to  apoptosis .
Aminoglycoside (gentamicin) ototoxicity was noted to
fol low both caspase-de pend ent and caspase-in de pend ent
path ways [18].

OTOTOXICITY IN DIF FER ENT CLASSES
OF AN TI BI OT ICS

Macrolides
Erythromycin has been sus pected as an ototoxic agent in
high dos ages (1 g ev ery 6 hours), how ever, hear ing loss
tends to be re vers ible ex cept some cases [20, 21]. Treat -
ment pre ceded by hepatic or re nal im pair ment is also
linked to ototoxic side ef fects, such as hear ing loss or dys -
func tion, tinnitus, and ver tigo due to pos si bly de creased
clear ance or slower me tab o lism [22]. Azithromycin is as -
so ci ated with hear ing loss only dur ing pro longed high-
 dose treat ment [22–24]. This macrolide an ti bi otic was de -
signed to have less ototoxic ef fects than erythromycin and
is con sid ered safer [25].

Tetracyclines
Minocycline was noted to cause tran sient ver tigo, ataxia,
nau sea, and tinnitus with doses as small as 100 mg. The
first ototoxic symp toms tend to oc cur up to 72 hours af ter
tak ing the drug. As minocycline is used for meningococcal
pro phy laxis, a dos age of 200 mg ini tially fol lowed by
100 mg twice a day for three days was shown by Munford
et al to be ef fec tive, with an in ci dence of side-ef fects of
18.4% [26]. In ci dence of minocycline ototoxicity has been
ob served to be big ger in women than men [27].

Glycopeptides
Vancomycin, of ten used as a treat ment for methicillin-re -
sis tant Staph y lo coc cus aureus, has been linked to re vers -
ible ototoxicity fol low ing con cen tra tions >40 mg/L and ir -
re vers ible dam age with con cen tra tions >80 mg/L or pre ex -

ist ing re nal im pair ment [28]. Rec om mended vancomycin
con cen tra tions range from 30–40 mg/L to 5–10 mg/L.
Vancomycin ototoxicity was also ques tioned as en hanc ing
the dam age caused by other an ti bi ot ics, such as amino -
glycosides, how ever, cer tainty is lack ing [12, 20]. Vanco -
my cin is as so ci ated with hear ing loss, tinnitus, and diz zi -
ness [20, 29]. The age of the pa tient can be a fac tor to
vanco mycin-in duced ototoxicity as well, with older pa -
tients be ing more sus cep ti ble, how ever, more data is
needed to con firm [30]. The safety of vancomycin use dur -
ing preg nancy is to be re solved [31].

Aminoglycosides
Aminoglycosides cause ir re vers ible hear ing loss and ves -
tib u lar dam age of ten with dom i nant hear ing loss as noted
for kanamycin, neomycin, amikacin, and netilmicin or
ves tib u lar dys func tion, prom i nent with use of strep to my -
cin, tobramycin, and gentamycin: “Neomycin is con sid -
ered the most highly toxic; fol lowed by gentamicin,
kanamycin, and tobramycin; while amikacin and netil -
micin are con sid ered the least toxic. Amikacin, neomycin,
and dihydrostreptomycin tend to be more cochleotopic
while gentamicin and strep to my cin are more likely to tar -
get the ves tib u lar sen sory ep i the lium“ [32–34]. Cases of
strep to my cin ototoxicity tend to in crease with pro longed
and high dos age and de crease with in ter mit tent dos age
[35]. How ever, there are stip u la tions that only cu mu la tive
ef fects cause ma jor dif fer ences in toxic ef fects among pa -
tients [8]. Re nal im pair ment and the age of the pa tient are
im por tant fac tors when con sid er ing both use and dos age of 
aminoglycosides, in clud ing strep to my cin [36]. Symp toms
in clude hear ing loss that is per ma nent or ves tib u lar dys -
func tion in clud ing ataxia, diz zi ness, and nys tag mus [32].
Ves tib u lar im pair ment was noted in 27.97% of cases in a
study of 143 tu ber cu lo sis pa tients [37]. Symp toms of hear -
ing loss when us ing dihydro strep to mycin sul fate are of ten
seen only 1 to 6 months af ter treat ment [36]. As strep to my -
cin use has be come min i mal in the clin i cal set ting, it serves
as a model com pound to track the pos si ble ototoxic ef fects
of other amino glyco sides. Kanamycin is ad vised in dos -
ages 15 mg/kg/d and the to tal dose should not ex ceed 40 g
in or der to main tain a low risk of co chlear de gen er a tion
[38, 39]. Top i cal use of tobramycin is safe be cause of low
sys temic con cen tra tion, how ever, in hal ant use should be
con sid ered as po ten tially ototoxic when the pa tient in need
has re nal im pair ment. Though low se rum con cen tra tions
(1 mcg/ml) are not con sid ered dan ger ous, tran sient tinnitus 
is some times re ported [1]. A sin gle dose of 5–7 mg/kg of
gentamicin or tobra mycin (and 15 mg/kg) is ad vised when
creatinine clear ance is >60 ml/min. If creatinine clear ance
is smaller the dose should be re duced [40].

DE TEC TION AND PRE VEN TA TIVE MEA SURES

Pa tient eval u a tion and screen ing dur ing treat ment with po -
ten tially ototoxic an ti bi ot ics are rec om mended; high-fre -
quency audiometry is the test of choice [1, 41, 42]. Early

136

K. Puteikis, J. Èerneckis, D. Kaubrys



de tec tion of high-fre quency (³8 kHz) hear ing im pair ment
can help phy si cians de cide whether the treat ment used is
con ve nient [43]. Audiometric mon i tor ing has re cently in -
creased in cys tic fi bro sis units in the United King dom and
such prac tice should be rec om mended when us ing po ten -
tially ototoxic agents [44]. Reg u lar tests pre vent ing life-
 long im pair ment are some times not aknowledged be cause
of a pri mary, life-threat en ing in fec tion which hin ders ap -
pre ci a tion of the need to pre serve hear ing [43].

CON CLU SIONS

The un der stand ing of an ti bi otic-in duced ototoxicity and
ver tigo is lim ited and more ex per i men tal data in an i mal
mod els is re quired in or der to un der stand the pos si ble
threat and mech a nisms of the de vel op ment of these side ef -
fects. Ad di tional care must be taken when pre scrib ing an ti -
bi ot ics to el der pa tients, those with hear ing or ves tib u lar
dys func tion as well as ones with re nal im pair ment. Phy si -
cians should be aware of ototoxicity when con sid er ing pro -
longed treat ment and high doses of po ten tially harm ful an -
ti bi ot ics as well as the acummulation of such agents in the
tis sues of the co chlea and ves tib u lar sys tem. The eval u a -
tion of hear ing or the in quiry about ep i sodes of diz zi ness,
tinnitus, or nau sea re ported by the pa tient dur ing or af ter
treat ment could be a help ful way to col lect more data about
ototoxic agents, es pe cially about an ti bi ot ics other than the
widely-re searched aminoglycosides.
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ANTIBIOTIKØ SUKELTO OTOTOKSIÐKUMO
APÞVALGA

Santrauka

Oto tok sið ku mas yra api bû di na mas kaip tok sið ku mas au siai ar jos
da lims: srai gei, ves ti bu li nei sis te mai, klau sos ner vui, ir ga li bû ti
vais to ða lu ti nis poveikis. Kai oto tok sið ku mà su ke lia vais tai, pa -
da ry ta þa la ga li skir tis, o po vei kis ga li bû ti gráþ ta mas (lai ki nas)
ar ba ne gráþ ta mas (nuo la ti nis).

Pa grin di niai oto tok si niø an ti bio ti kø ða lu ti niai po vei kiai –
gal vos svai gi mas ir klau sos su tri ki mas. Gal vos svai gi mas (ver ti -
go) – klai din gas þmo gaus ap lin kos ju dë ji mo po jû tis, daþ nai sie ja -
mas su py ki ni mu, vë mi mu, vaikð èio ji mo ir ko or di na ci jos su tri ki -
mais (atak si ja), nis tag mu. Klau sos su tri ki mai, su kel ti kai ku riø
an ti bio ti kø, ávai ruo ja nuo ne su ge bë ji mo ið girs ti aukð tes niø daþ -
niø iki vi sið ko kur tu mo.

Ðiuo me tu në ra pa kan ka mai in for ma ci jos apie mi në tus reið ki -
nius ir an ti bio ti kø áta kà jø ið si vys ty mui, ta èiau ðie ða lu ti niai po -
vei kiai ga li ap sun kin ti an ti bio ti kø sky ri mà ar net su trik dy ti pa -
cien to kas die ná gy ve ni mà.

Ðia me straips ny je ap þvelg si me an ti bio ti kø su kel tà oto tok sið -
ku mà ir gal vos svai gi mà, pa grin di nes ðiuos simp to mus su ke lian -
èias me dþia gas.

Rak ta þo dþiai: oto tok sið ku mas, gal vos svai gi mas, an ti bio ti -
kai.
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