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Background: The most well-known side-effect of Aminoglycoside 

antibiotics is significant hearing loss and balance issues. For instance, 

Gentamicin has been widely recognized for causing hearing loss in most 

patients.  

Aimes: This study explored the available evidence on hearing loss following 

Gentamicin use.  

Methods: We conducted a comprehensive literature search using Web of 

Science and PubMed, with the keywords: "Deafness," "Hearing Loss," 

"Drugs," "Adverse Drug Reaction," "Ototoxicity," "Gentamicin," 

"Aminoglycosides," "Inner Ear," and "Audiogram." All data were 

independently extracted and relevant research was used to write this review 

article.  

Results: The reviewed studies highlight the critical factors influencing the 

severity of Gentamicin-induced hearing loss, including the site of 

administration, dosage, and co-administration with other ototoxic agents like 

Vancomycin. The mechanisms underlying Gentamicin ototoxicity involve 

oxidative stress, inflammation, and apoptosis of sensory hair cells. The 

literature also suggests safer alternatives within the aminoglycoside class, 

such as apramycin and Gentamicin C1a, which could be considered for future 

clinical use.  

Conclusion: Gentamicin has been consistently associated with significant 

ototoxic effects, particularly hearing loss, across various species and clinical 

contexts. Balancing its therapeutic benefits against potential hearing loss is 

essential. Developing more targeted interventions that preserve its 

antimicrobial efficacy while minimizing hearing loss risk may be possible. 
 

Conflicts of Interest: The Authors declare no conflicts of interest. 

Please cite this article as: Mosleh HR, Abbaszadeh H, Vahdanifar Z. Gentamicin-induced Hearing Loss: 

Ototoxicity, Challenges, Pathogenesis and Mechanism. J Otorhinolaryngol Facial Plast Surg 2024;10(1):1-7. 

https://doi.org/10.22037/orlfps.v10i1.46950 
 

Introduction 

Hearing loss is prevalent and can profoundly 

affect the aging process (1). It affects children, 

with roughly 1 in 5 burdened by Inadequate 

hearing rehabilitation, which can adversely 

impede speech, language, development, 

education, and cognitive abilities. In 2019, 

around 72.9 million individuals in the United 

States, equivalent to one in five, were predicted 

to suffer from hearing loss (3). Sensorineural 

hearing loss (SNHL) is the predominant type, 

leading to a gradual decline of the sensory hair 

cell and cochlear nerve functions. The inability 

of the human inner ear hair cells to regenerate 

results in irreparable damage, causing 

permanent hearing loss. Sensorineural hearing 

loss (SNHL) may be genetically inherited or 

acquired from aging, exposure to noise, or 
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ototoxic medications. An ototoxic medication 

can damage the inner and outer hair cells 

essential for hearing, resulting in hearing loss 

(5). Ototoxicity generally denotes harm to the 

inner ear tissues and function resulting from 

exposure to certain medications. The etiology 

of ototoxicity is frequently multifaceted, 

potentially harming cochlear hair cells or other 

cells that govern cochlear hair cell 

functionality. Clinical strategies to mitigate 

ototoxicity include identifying at-risk patients, 

monitoring for drug concentrations, performing 

routine audiometric assessments, and selecting 

less ototoxic alternatives where possible (6). 

Research indicates that between 150 and 600 

pharmaceuticals may possess ototoxic 

properties, which can initially remain 

undetected (7). Aminoglycoside antibiotics 

induce considerable auditory impairment and 

vestibular dysfunction, as evidenced by animal 

research and human findings. Gentamicin is 

commonly acknowledged for inducing hearing 

loss in most people who receive it (8). Elevated 

doses of aminoglycoside antibiotics, like 

Gentamicin, can alter hearing thresholds by 

impairing inner and outer hair cells, therefore 

restricting their usage. Aminoglycosides 

constitute a category of antibiotics sanctioned 

by the Food and Drug Administration (FDA) 

for the treatment of infections. They typically 

target severe bacterial and mycobacterial 

diseases, with Gentamicin being administered 

for meningitis and sepsis (10). Gentamicin is 

well recognized for its greater vestibulotoxicity 

compared to cochleotoxicity, making it a 

prevalent option for these purposes. It is 

recommended to refrain from administering 

polymyxin B-neomycin-hydrocortisone drops, 

commonly employed for acute otitis externa, in 

instances with eardrum perforation (11). A 

notable adverse effect of aminoglycosides is 

auditory impairment, as these antibiotics are 

thought to induce irreversible harm to sensory 

cells and neurons in the inner ear, resulting in 

hearing loss (9). Gentamicin is recognized for 

its vestibulotoxic effects, impairing the 

vestibular system by initially impacting the 

cristae and then disrupting the centriolar areas 

of the maculi. This may lead to clinical 

manifestations like dizziness, ataxia, and 

nystagmus. The destruction of auditory sensory 

cells in the organ of Corti results in 

cochleotoxicity, frequently linked to the 

excessive generation of oxidative free radicals, 

which may present as hearing loss or tinnitus 

(12). Studies suggest that Gentamicin may 

induce hair cell death through the Hsp90/Akt 

signaling pathway (13). N-methyl-D-aspartate 

(NMDA) receptors are also involved in 

gentamicin-induced ototoxicity, affecting the 

quantity and distribution of inner hair cell 

ribbon synapses (14). Nevertheless, the precise 

mechanisms remain inadequately 

comprehended. If HL remains untreated, it may 

cause communication difficulties, perhaps 

leading to social isolation and depression. 

Treatment options for hearing loss are 

predominantly restricted to medical devices 

such as hearing aids and cochlear implants. 

Clinical strategies for mitigating ototoxicity 

encompass identifying at-risk patients, 

monitoring pharmacological doses, doing 

regular auditory evaluations, and transitioning 

to less ototoxic treatments when possible. 

Timely identification of ototoxicity with 

continuous monitoring is essential, as it 

facilitates treatment modifications to reduce or 

avert irreversible hearing impairment and 

balance disturbances. Nonetheless, certain 

pharmacological treatments that induce 

ototoxicity may remain unrecognized for 

prolonged durations, since healthcare 

professionals may fail to acknowledge the 

necessity of monitoring drug levels. 

Consequently, this investigation examined the 

evidence pertaining to hearing loss after the 

administration of Gentamicin. 

Methods 

We performed an extensive literature review 

utilizing Web of Science and PubMed, 

encompassing the timeframe from the 
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establishment of each database until September 

2024. Our search technique employed a 

combination of medical topic headings (MeSH) 

and pertinent text keywords, including 

"Deafness," "Hearing Loss," "Drugs," 

"Adverse Drug Reaction," "Ototoxicity," 

"Gentamicin," "Aminoglycosides," "Inner 

Ear," and "Audiogram." We conducted a 

manual review of references from primary 

research and review articles to discover other 

pertinent studies. All data were extracted 

independently. For each article, we collected 

data on the author, publication year, journal, 

medications investigated, sample size, drug 

regimen, and follow-up period. All detected 

records were inputted into Reference Manager 

Version 11.0, and duplicates were excluded. 

Titles and abstracts, when accessible, were 

evaluated for relevance according to 

established eligibility criteria. Full-text articles 

were acquired for all potentially pertinent 

records (Figure 1).  

 
Figure 1. PRISMA flowchart of study selection process 

 

We incorporated foreign language records into 

our search, translating titles and abstracts as 

necessary for screening. Ultimately, we 

employed pertinent research to compose this 

review piece. 
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Results 
The reviewed studies emphasized the key 

aspects influencing the degree of Gentamicin-

induced auditory impairment, including the 

administration site, dosage, and concurrent use 

with other ototoxic substances such as 

Vancomycin. The mechanisms of Gentamicin 

ototoxicity are complex, involving oxidative 

stress, inflammation, and death of sensory hair 

cells, leading to cochlear and vestibular 

damage. Gentamicin may be connected with 

genes related to oxidative phosphorylation and 

integrins, thus contributing to hearing loss (16). 

Nevertheless, research opposing this notion 

indicated no heightened incidence of hearing 

loss in children administered Gentamicin in 

comparison to control groups (17). Strategies 

including meticulous surveillance of blood 

levels, restricting treatment time, and 

investigating protective drugs such as 

dexamethasone, melatonin, and antioxidants 

have demonstrated possible alleviating 

therapies for Gentamicin-induced ototoxicity. 

The research indicates safer alternatives within 

the aminoglycoside class, including apramycin 

and Gentamicin C1a, which may be 

investigated for future clinical application (18). 

Discussion 

A comparative study using guinea pigs 

examined the effects of Gentamicin on either 

the round window membrane or the stapes 

footplate, emphasizing on the resultant hearing 

loss and related histological alterations. The 

animals administered Gentamicin at the stapes 

footplate exhibited markedly greater hearing 

loss in the 8-32 kHz range, a substantial decline 

in outer hair cell numbers in the cochlear basal 

turn, and a reduction in standard type I cells in 

the utricle; in contrast to those treated on the 

round window membrane or with saline 

controls. This indicates that Gentamicin 

injection onto the stapes footplate can cause 

more pronounced hearing loss (19). Tanaka et 

al. (2021) examined the correlation between 

different aminoglycosides and auditory 

impairment utilizing the FDA Adverse Event 

Reporting System. Their investigation of the 

drug-gene network indicated that Gentamicin 

may be associated with genes related to 

oxidative phosphorylation and integrins, 

perhaps contributing to hearing loss (16).  

Furthermore, Gentamicin administration has 

been demonstrated to cause synaptic 

impairment in inner hair cells, highlighting the 

essential function of myosin VI downregulation 

in Gentamicin-induced synaptic injury (20). 

Ishikawa et al. (2019) investigated the possible 

relationship between aminoglycoside 

ototoxicity and hearing impairment at various 

doses. Five aminoglycosides—Neomycin, 

Gentamicin, Paromomycin, Apramycin, and 

Gentamicin C1a—were evaluated on 45 guinea 

pigs. The authors found a dose-dependent 

correlation between compound action potential 

(CAP) and outer hair cell destruction, affirming 

that aminoglycosides, such as Gentamicin, 

substantially contribute to hearing loss (18). 

Subsequent investigations in guinea pigs 

revealed that Vancomycin significantly 

enhances the ototoxic effects of Gentamicin. 

Administration of Gentamicin at 50 mg/kg 

resulted in a little alteration in the alternating 

current (AC) cochlear potential. This impact 

was significantly amplified when administered 

with Vancomycin, resulting in a substantial 

decrease in AC cochlear potential and a 

pronounced increase in outer hair cell loss, 

particularly at elevated dosages of Vancomycin 

(21). A separate investigation with guinea pigs 

showed that noise condition did not reduce 

Gentamicin-induced ototoxicity. Regardless of 

exposure to 85 dB broadband noise for ten days, 

neither functional nor morphological protection 

were evident when the subjects were 

subsequently administered a high dosage of 

Gentamicin (160 mg/kg daily for ten days) (22). 

Fuchs et al. (2016) evaluated the effects of 

Gentamicin on sensorineural hearing loss 

(SNHL) in very low birth weight (VLBW) 

newborns. The risk of sensorineural hearing 

loss from Gentamicin exposure can be 
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mitigated by reducing treatment duration, 

monitoring serum levels, and appropriately 

adjusting dosages (23). Aleman et al. (2021) 

examined auditory impairment in horses 

administered intravenous Gentamicin for seven 

days. The research determined that even at 

prescribed dosages, Gentamicin may induce 

irreversible sensorineural hearing loss in 

equines (24). 

Dobie et al. (2006) assessed whether 

individuals with vestibulotoxic responses to 

Gentamicin exhibited inferior hearing 

thresholds compared to age- and sex-matched 

controls. Their findings indicated that these 

patients had hearing thresholds comparable to 

the general population across most frequencies, 

with a minor albeit statistically insignificant 

decline in 1.0 and 2.0 kHz (25). Hemmingsen et 

al. (2020) investigated the enduring impacts of 

prenatal Gentamicin exposure on auditory 

function. Their investigation of high-dose 

Gentamicin (6 mg/kg) revealed no significant 

disparity in hearing thresholds at school age as 

compared to a control group (26).  

Yu et al. (2014) indicated that the 

administration of high-concentration 

Gentamicin into the middle ear of guinea pigs 

can lead to a total loss of auditory and vestibular 

function. This therapy obliterated the majority 

of sensory hair cells in the inner ear and resulted 

in delayed degeneration of spiral ganglion 

neurons (27). In clinical environments, 

intratympanic Gentamicin has been utilized to 

treat Ménière's disease. Research indicates that 

individuals with early-stage Ménière's disease 

exhibit superior hearing preservation when 

administered low-dose Gentamicin compared 

to those with advanced disease (28–30). Low-

dose, symptom-targeted Gentamicin protocols 

have successfully managed vertigo while 

reducing cochlear injury (30). Iftikhar et al. 

(2013) examined the safety of Gentamicin for 

the treatment of newborn sepsis in a community 

context in Pakistan. Their investigation 

revealed no elevated risk of hearing loss in 

children administered Gentamicin relative to 

controls. However, children with a history of 

ear discharge or a familial predisposition to 

deafness exhibited showed higher risks (17).  

Cross et al. (2015) and Garinis et al. (2017) 

identified an increased risk of hearing loss in 

newborns subjected to Gentamicin in the 

NICU, especially with prolonged treatment 

durations. These findings indicate that 

incorporating higher-frequency distortion 

product otoacoustic emission (DPOAE) 

evaluations into NICU hearing screening 

regimens may enhance the identification of 

newborns susceptible to ototoxicity (31,32). 

Gentamicin-induced auditory impairment is 

linked to heightened oxidative stress and an 

inflammatory response that stimulates mitogen-

activated protein kinases (MAPKs), resulting in 

hair cell death. Protective measures, including 

dexamethasone, melatonin, tacrolimus, Nigella 

sativa oil, Korean red ginseng, and ferulic acid, 

have demonstrated potential in alleviating 

Gentamicin-induced ototoxicity (33–37). 

Mannitol has been shown to inhibit 

Gentamicin-induced hair cell loss by 

functioning as a free radical scavenger, thus 

reducing oxidative stress (38).  

Conclusion 

Gentamicin, a commonly utilized 

aminoglycoside antibiotic, has been 

continuously linked to considerable ototoxic 

sequela, especially auditory impairment, in 

many animals and clinical scenarios. Despite 

the risks, its therapeutic efficacy is unequivocal, 

especially in the management of life-

threatening infections. Consequently, it is 

crucial to weigh its therapeutic advantages 

against the risk of hearing impairment. Ongoing 

research is essential to enhance these protective 

techniques and to identify at-risk populations, 

especially vulnerable groups such as infants and 

persons with predisposing conditions.  

As our comprehension of Gentamicin's ototoxic 

processes advances, it may become feasible to 

create more tailored therapies that maintain its 
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antibacterial effectiveness while reducing the 

risk of auditory impairment. 
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