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INTRODUCTION 

Tinnitus is spontaneous, disagreeable auditory sensation, 

of varied origin with multiple etiologies.1 Tinnitus aurium 

means ringing of the ears and it can be classified into 

objective and subjective tinnitus.2 Objective tinnitus is 

defined as a sound which originates from the acoustic 

source within the patient and audible to the examiner 

whereas the subjective tinnitus has no acoustic tinnitus 

and the subjective tinnitus accounts for 95% of all types 

of tinnitus.3 Tinnitus is a common symptom found among 

patients with bilateral profound sensorineural hearing 

loss. Currently cochlear implant is a standard treatment 

for profound sensorineural hearing loss, and reportedly 

can minimize the tinnitus.4 This indication of cochlear 

implant for hearing loss and incapacitating tinnitus 

probably requires further convincing data on hypothesis 

that cochlear implant has impact on tinnitus magnitude 

and annoyance also in patients with unilateral deafness. It 

is also unclear whether the psychological and physical 

changes which accompany aging process influence the 

relief of the tinnitus after cochlear implant. Unilateral 

cochlear implantation is commonly performed in patients 

with bilateral profound sensorineural hearing loss. The 

additional benefit of this treatment is the reduction of 

subjective tinnitus.5 Interestingly, the sole cochlear 

implantation surgery itself may have positive impact on 

tinnitus.6 It seems reasonable to suggest that positive 

expectations of patients with cochlear implants may have 

role in improvement of tinnitus. Study is also presenting 

with increasing tinnitus occurrence in 0% to 25% 

patients.7 The development of newly induced tinnitus 

following cochlear implantation ranges from 0% to 10% 

among patients without preoperative tinnitus.8 Because of 
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increase of tinnitus and newly induced tinnitus following 

cochlear implant, a positive impact of cochlear 

implantation on the individual patient presenting or 

experiencing tinnitus cannot be predicted for certain.  

There are not much research concerning cochlear 

implantations and the effect on tinnitus. This review 

article will discuss on epidemiology, pathophysiology, 

cochlear implant surgery and tinnitus, severity of tinnitus, 

evaluation of tinnitus and current treatment of newly 

induced tinnitus after cochlear implantation. 

METHODS OF LITERATURE SEARCH 

Multiple systematic methods were used to find current 

research publications on cochlear implant and tinnitus. 

We started by searching the Scopus, PubMed, Medline, 

and Google Scholar databases online. A search strategy 

using PRISMA (Preferred reporting items for systematic 

reviews and meta-analysis) guidelines was developed. 

This search strategy recognized the abstracts of published 

articles, while other research articles were discovered 

manually from the citations. Randomized controlled 

studies, observational studies, comparative studies, case 

series, and case reports were evaluated for eligibility. 

There were total numbers of articles 94 (32 case reports; 

34 cases series; 28 original articles) (Figure 1). This 

paper focuses only on tinnitus following cochlear 

implantation. This paper examines the epidemiology, 

pathophysiology, tinnitus following cochlear implant 

surgery, evaluation of severity of tinnitus and treatment 

of pre-cochlear implant tinnitus. This analysis provides a 

foundation for future prospective trials in cochlear 

implant and tinnitus. It will also serve as a catalyst for 

additional study into cochlear implant and its relation to 

tinnitus.  

 

Figure 1: Method of literature search. 

HISTORY 

Jastreboff‘s neurophysiological model suggested the 

importance of the interaction of central auditory system, 

limbic system and the sympathetic autonomic system.9 

The therapeutic effect of cochlear implant in 

preoperatively existing tinnitus had already been 

documented in the history of cochlear implant. In House 

and Brackmann documented that patient with cochlear 

implants get improvement of the previously existing 

tinnitus.10 This history suggests that possibility of using 

cochlear implantation help patients suffering from severe 

tinnitus.10 At one time or another, approximately 35% of 

the general population has suffered from tinnitus. In 

approximately 5% of the population, tinnitus is 

responsible for difficulties in falling asleep or shows a 

moderate to intense problem. Approximately 0.5% to 1% 

of the population experiences tinnitus which severely 

affects the routine life.11 As per this model, peripheral 

lesions generate an electrical signal, added to an efficient 

control of the encephalic stem system and to behavioral 

and emotional reactions, results in an unpleasant ringing 

or buzzing sensation. 

EPIDEMIOLOGY 

Tinnitus is a highly disturbing clinical entity, with high 

prevalence in sensorineural hearing loss patients.12 

Subjective tinnitus has prevalence of 8% to 15% in 

general adult population.13 One study estimated the 

prevalence of adults with chronic tinnitus varies between 

6% to 20%.13 The prevalence of tinnitus among bilateral 

profound sensorineural hearing loss is 65% to 100% with 

mean of approximately 80%.14 Several studies seem to 

confirm the clinical findings that cochlear implant has a 

marked suppressive effect on tinnitus in majority of 

cochlear implant users. However, there are some 

uncertainties regarding to the prevalence and severity of 

tinnitus in profound sensorineural hearing loss patients, 

as well as suppression of tinnitus after cochlear implant. 

The prevalence of tinnitus in cochlear implant candidates 

ranges from 67% to 86%.5 One study showed that total 

tinnitus suppression rates vary from 2% to 83%.15 

However, an increase of existing tinnitus ranges from 2% 

to 9%, as well as a new onset of tinnitus.15 The induction 

of tinnitus found in 1% to 5% of patients as per recent 

study.16 Around 1% to 3% suffered disabling tinnitus 

interferes with their quality of life. 

PATHOPHYSIOLOGY 

The exact pathophysiology of the tinnitus is not known. 

Most of the hypothesis state that tinnitus occurs due to 

maladaptive plastic changes in the central auditory 

pathways as a reaction to the peripheral hearing loss.17 

Recent studies demonstrated that occurrence of the 

neuronal plasticity and cortical reorganization in relation 

to perception of sound after injury to the cochlea.18 The 

disproportional increase in number of neurons sensitive 

to remaining frequencies of hearing or greater 

spontaneous activity in organized locations may explain 

the tinnitus sensation. The high prevalence of tinnitus is 

consistent with the fact that individuals with hearing loss 

are more likely to suffer from tinnitus.19 Reduction of the 

tinnitus after cochlear implants is better explained by 

several mechanisms like acoustic masking, habituation, 

direct stimulation of the auditory nerve and re-

organization of the cortical areas.20 Tinnitus is considered 
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to be the result of changes in neural activity in the 

auditory pathway and auditory cortical area of the brain, 

caused by decreased or lack of auditory input, for 

instance due to hearing loss.21 More than 60% of patients 

with severe to profound hearing loss have tinnitus.22 

Although more research are needed, cochlear 

implantation is an effective technique for treatment of 

disabling tinnitus. Most probably six months use of 

cochlear implant might be enough to produce cerebral 

plastic reorganization which is able to minimize the 

tinnitus loudness. To improve the speech perception in 

patients with profound hearing loss, cochlear implant is 

an effective tool.23 This treatment by cochlear implant 

may alter the tinnitus related changes in neural activity in 

the auditory pathway and so diminishes the tinnitus 

complaints.24  

TINNITUS AND COCHLEAR IMPLANT 

SURGERY 

Study suggested that electrical promontory stimulation is 

effective in suppression of the tinnitus.25 Reduced tinnitus 

has been documented after cochlear implant surgery.25 

The insertion of electrode of cochlear implant is 

potentially a trauma to the remaining functional 

components of cochlea and thought to affect both 

necrotic and apoptic mechanisms of cell death and such 

insertion of electrode may influence the tinnitus among 

cochlear implant patients.26 However, there may be 

improvement of tinnitus with electrode insertion which 

described by some research papers, though the positive 

expectations of the patients in relation to implant may be 

a factor.27,28 There are few reports in patients with 

cochlear implant where electrode insertion exacerbates 

the tinnitus (>10%) or aggravates it being heard for the 

first time (>4%).29,30 There are also changes in tinnitus 

pitch and timber in cochlear patients.31 The post-surgical 

cochlear implant provides benefits in terms of tinnitus 

which raises few questions such as cochlear implant 

surgery justifiable for treatment of tinnitus. Similarly, the 

influence of tinnitus according to choose of ear for 

cochlear implant is also a complex subject. Some 

suggests that cochlear implant in the ear where tinnitus s 

more severe has chance for greater suppression.32  

EVALUATION OF SEVERITY OF TINNITUS 

Tinnitus handicap questionnaire (THQ) is used to 

measure the perception of physical and psychological 

well-being in tinnitus patients. It consists of 27 questions 

classified into three categories such as social, emotional 

and behavioral tinnitus effects; tinnitus and hearing; and 

outlook on tinnitus. Patients respond whether or not they 

agreed with statements on a scale of 0 to 100.Total scores 

are calculated per category, after which the mean value of 

THQ is calculated.33 Tinnitus handicap inventory (THI) 

questionnaires consist of 25 questions for influence of 

tinnitus on activities of daily life.34 There are 11 questions 

for functional effects on tinnitus, 9 questions for 

emotional responses to tinnitus, and 5 questions for 

catastrophic responses to tinnitus.  Here, every ‘yes’ 

counts for 4 points, every ‘sometimes’ for 2 points and 

every ‘never ‘for 0 points. There is total score between 0 

and 100. Scores less than 16 indicate slight handicap, 

scores from 18 to 38 indicate mild tinnitus, scores from 

38 to 56 correspond to severe tinnitus, and scores more 

than 78 indicate catastrophic tinnitus. One study showed 

tinnitus improvement after six months with CI fitting and 

36% reported total loudness suppression and another 41% 

reported a reduction; annoyance scores reduced in 75% of 

patients and 72.2% reported these benefits in the THI 

questionnaire.35 Tinnitus significantly affect the quality of 

life and may cause stress, depression, anxiety and may 

result in suicidal tendencies in some patients.36 Reports 

have been documented the possibility of tinnitus 

worsening or being exacerbated following cochlear 

implant surgery.37 Few patients developed postsurgical 

onset of tinnitus and labyrinthine symptoms when the 

implant is activated.38 The probable explanation for this 

tinnitus us that program adjustment is not happened 

owing to the short period of activation. 

TREATMENT OF PRE-COCHLEAR IMPLANT 

TINNITUS 

Many patients those with sensorineural hearing loss 

present with tinnitus, particularly those with an indication 

for cochlear implant.39 Although several treatment 

options have been recommended for managing tinnitus, 

none of them has been total effective for abolishing the 

tinnitus.40 If the tinnitus disturbs the sleep i.e., 

troublesome tinnitus may need programming of cochlear 

implant device for night time use. There are two options: 

first one utilizes a program which facilitates night time 

use of an environmental sound like wind, rain or ocean 

sound and this is effective as tinnitus therapy in persons 

with hearing.41 The second option considers an implant 

electrode configuration which provides barely supra-

threshold stimulation in night to decrease the awareness 

of the tinnitus. As in hearing aids, optimization of the 

cochlear implant for tinnitus may involve programming 

which decreases speech discrimination abilities. The 

tinnitus program should be addition to the program which 

is in general use of the cochlear implant (speech 

communication). There is an ongoing worldwide 

discussion on whether or not bilateral cochlear 

implantation should be standard care towards bilateral 

severe to profound deafness. Contrary to unilateral 

cochlear implantation, however, study reported on the 

impact of bilateral cochlear implantation on tinnitus 

where the bilateral cochlear implantation has positive 

effect on preoperative tinnitus.42 In sequential group of 

patients for cochlear implantation, the additional benefit 

of the second cochlear implant is total suppression of 

tinnitus in comparison to unilateral situation. 

POST-COCHLEAR IMPLANT TINNITUS 

Tinnitus is a common occurrence in pediatric age group 

those undergo cochlear implantation.43 The higher 
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prevalence of tinnitus is in patients with cochlear 

implantation than non-implanted children with profound 

hearing loss.43 There was no evidence that prevalence of 

tinnitus was influenced by hearing loss, time elapsed 

since implantation and age at cochlear implantation. In 

children with bilateral cochlear implants, there is 

increased evidence of tinnitus in those with a longer 

inter-implant delay than those with a short delay or 

simultaneous implantation.43 Although the high tinnitus 

prevalence, quality of life is less affected with a small 

proportion of pediatric patients reporting sleep 

disturbances. Prevalence of tinnitus among children with 

normal and impaired hearing are given in Table 1.44-48 

Table 1: Prevalence of tinnitus among children with 

normal and impaired hearing. 

Author 

Normal 

hearing 

children 

with 

tinnitus 

(%) 

Impaired 

hearing 

children 

with 

tinnitus 

(%) 

Annoyance 

Holgers et al44 13 9 - 

Holgers et al45 53 - 27 

Aksoy et al 46 9 - 6 

Coelho et al47 39 44 20 

Martin et al48 50 50 - 

CONCLUSION 

Tinnitus is a common clinical problem associated with 

cochlear implant candidates and cochlear implant users. 

Cochlear implant is often helpful to reduce tinnitus and 

tinnitus handicap. A short duration of tinnitus before 

cochlear implantation, a tonal tinnitus, a higher tinnitus 

handicap prior to implantation, and a round window 

insertion surgical technique correlate with an optimistic 

influence of cochlear implantation on the tinnitus. 

Although cochlear implant improves or stabilize the 

tinnitus perception in most of adult cochlear implant 

receivers, only rarely does total elimination of the 

tinnitus. The variable effect of cochlear implant on 

tinnitus remains unexplained. This may be due to absence 

of residual inhabitation of tinnitus in patient using 

multichannel cochlear implants. Further research is 

required in larger and a more uniform study population in 

regards to hearing abilities, type of tinnitus 

(unilateral/tonal) and age of the patients. 
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