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Abstract 
The cochlear implant is a prosthesis that is capable to replace listening capa-
bility among patients with sensorineural hearing loss. Many studies suggest a 
negative relationship among duration of sound deprivation and audiometric 
gain (by means of speech perception test) after cochlear implantation. We 
evaluated surgical and audiologic results among post-lingual deafened adults, 
in different times of sound deprivation, and correlated with social isolation, 
presence of vertigo or tinnitus, and the speech therapy yield, between pre- and 
post-operative stages. A retrospective study was conducted on patients with 
post-lingual hearing loss, aged over 18 years old who underwent cochlear im-
plant surgery in a public hospital from 2004 to 2014. Audiological, socio-  
demographic questionnaire, and manifestations of vertigo and tinnitus, dur-
ing pre- and post-operative stages, were compared and correlating to the dif-
ferent periods of sound deprivation. Two groups were studied. The group A 
was composed of 38 participants (14 male and 24 female) with sound depriva-
tion of less than 10 years; and group B was composed of 17 participants (8 
male and 9 female) with sound deprivation longer than 10 years. We found no 
differences regarding age, sex, duration of sound deprivation, mean pure-tone 
audiometric results (pre- and post-surgery), and speech perception tests 
(pre-operatively). After one year of the surgery, we observed a significant dif-
ference between both groups, with a better performance to group A. The re-
sults of speech perception test, after cochlear implantation in group B, were 
worse than the results obtained in group A, although these correlations are 
not determinant whether to perform cochlear implant surgery or not. 
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1. Introduction 

Sensorineural hearing loss (SNHL), no matter of its severity, may lead to a series 
of changes in reception and audiologic comprehension, and consequently, in 
acquisition of oral language, since deafness hinders audiologic feedback, making 
it difficult for the individual to modulate his/her own voice. Hearing loss can al-
so lead to impairment of the individual’s communication, and can cause sec-
ondary issues involving other aspects, such as cognitive, emotional and social [1] 
[2]. 

Cochlear implant (CI) is a prosthesis that partially replaces the auditory or-
gan. It is indicated for children and adults with severe to profound SNHL, when 
the benefit of hearing aid (HA) is no longer achieved. The HA acts as a sound 
amplifier that requires a sufficient cochlear reserve to allow the amplified sound 
stimulus to be received. Because it is a sensory prosthesis, the CI can benefit 
people with different degrees of hearing loss, and with different periods of sound 
deprivation [3] [4] [5]. 

A factor to be considered for the indication of the CI surgery, besides the de-
gree and time of acquisition of the hearing loss, is the time of sound deprivation, 
that is the elapsed time in which the individual remained with no auditory sti-
mulus (with no use of HA or any other device that allowed sound signal input). 
A negative correlation was observed between the duration of sound deprivation 
and audiometric gain (by means of speech perception tests post-operatively), al-
though it does not contraindicate CI surgery to be performed [6] [7] [8]. 

Geier et al. [9] reported that deaf patients for over 60% of their years of age 
presented a slower improvement of their speech recognition. In the meantime, 
Blamey et al. [10] and Plant et al. [11] reported that auditory improvement is 
inversely proportional to duration of deafness. Yet, Moon et al. [12] reported 
data showing favorable auditory prognosis among patient that developed deaf-
ness after youth even with longer periods of sound deprivation. 

Studies have shown that about 90% of patients present tinnitus and hearing 
loss. Chronic tinnitus is seen in about 65% of patients with SNHL, 5% of patients 
with mixed hearing loss, and 4% of conductive hearing loss cases. Most of the 
evidence shows no relationship between the severity of hearing loss and the an-
noyance generated by the tinnitus, however, it is known that hearing loss and 
tinnitus can be functionally detrimental to daily life, since they lead to social iso-
lation and communication disturbances, leading to worsening quality of life [13] 
[14] [15] [16] [17]. 

The symptom generator may be present at various levels of the auditory sys-
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tem—at the cochlear or retrocochlear level—and is frequently related to damage 
to the peripheral auditory system. However, the pathophysiology of tinnitus is 
still not fully elucidated and the heterogeneity of findings in the literature does 
not allow a breakthrough in specific treatments for all cases. There is a consen-
sus among researchers about the need for studies with homogenous populations, 
or diseases with common aspects to decrease the risk of bias, increasing the 
chances to clarify the pathophysiology of tinnitus, and to provide human hear-
ing comfort [14] [18] [19]. 

Recent studies and clinical practice show that patients with hearing loss (of 
any types or degrees) associated to tinnitus are highly benefited with the use of 
HA, either immediately to HA fitting, or short to medium term. The HA adapta-
tion for tinnitus increases the levels of understanding of the conversation and 
alleviates the perception of tinnitus, when performed properly [13] [14] [20] 
[21]. 

The knowledge of the tests and criteria which may provide data regarding the 
prognosis of the auditory performance among candidates for the CI has been the 
greatest challenge of the teams of professionals who work in this area. Yet, the 
knowledge applied looking for the improvement of tinnitus after cochlear im-
plantation, and its correlation to the time of sound deprivation and time of 
hearing loss may, therefore, improve the counseling of CI candidates with tinni-
tus. 

The objective of the present study is to evaluate surgical and auditory results 
in post-lingual deafened adult patients, with severe to profound bilateral SNHL 
in different times of sound deprivation, to correlate these results to social isola-
tion, speech therapy, and presence of vertigo and tinnitus in the pre- and 
post-operative stages, and to verify the possibility of expanding the benefits of CI 
to post-lingual patients with time of sound deprivation greater than 10 years. 

2. Materials and Methods 

This is a longitudinal retrospective study based on the review and analysis of 
medical records of post-lingual deafened patients submitted to CI surgery at a 
public hospital from 2004 to 2014, with the approval of the Research Ethics 
Committee, number 60,964,416.0.0000.5440. 

The auditory health program of this public hospital is under an accredited 
conformity and legally regulation by the Ministry of Health of the country as a 
reference service, of high complexity, and performs an average of one hundred 
cochlear implant surgeries per year. 

During the pre-operative period, the patient was evaluated by a team of pro-
fessionals, as instructed by the following regulations: GM 79 of April 24, 2012 
(available at 
http://bvsms.saude.gov.br/bvs/saudelegis/gm/2012/prt0793_24_04_2012.html, 
last access on November 20, 2017), and GM 835 of April 25, 2012 (available at 
http://bvsms.saude.gov.br/bvs/saudelegis/gm/2012/prt0835_25_04_2012.html, 
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last access on November 20, 2017). 
Data during pre-and post-operative stages were obtained from the patient’s 

records, and information regarding age at cochlear implantation, sex, age of the 
onset of hearing loss, duration of sound deprivation, results of the audiological 
evaluation (auditory thresholds and speech perception test), social isolation, la-
bor inclusion, adherence to the speech therapy process, presence of tinnitus and 
vertigo, and satisfaction regarding the use of CI, were registered by our team. 
For each aspect related to hearing (auditory thresholds, and speech perception 
tests) data were recorded by the speech therapist; for the aspects related to social 
and labor issues, by the psychologist; and so on. It was standardized a period of 
one and two years after the surgery to collect the aforementioned data. 

It has been proven that the quality of health services includes not only the 
professional training, the available technologies and the intervention process it-
self. The quality of the documentation and the registration of all the actions of 
the professionals involved must also be considered. In this service, protocols 
were developed and every team of professionals has been constantly oriented to 
the importance of filling it, with written information that reflects the care and 
treatment provided, in order to establish an effective communication between 
the Hearing Health Program team and the other professionals involved in the 
care of the patient. 

Despite the considerations mentioned on the importance of the legal and as-
sistance aspects, some annotations could not represent the right information 
necessary for this study, which made the inclusion of these patients infeasible or 
limited the interpretation in considering them for the statistical study. 

Adult patients (older than 18 years of age), with unilateral CI, and fitted with 
the device for at least one year were included. Whilst patients with bilateral or 
binaural CI, pre-lingual hearing loss, younger than 18 years of age, any changes 
in neurodevelopment, psychomotor, or psychiatric, and patients with history of 
meningitis or central nervous system involvement were excluded from this 
study. 

After chart review, patients were divided into two groups: group A, composed 
of patients with sound deprivation of less than 10 years, and group B, with sound 
deprivation greater than 10 years. 

Data related to quantitative variables were presented by mean and standard 
deviation (mean ± SD) or median and interquartile range (IIQ: percentile 75 - 
percentile 25), and categorical variables by means of percentage. Comparisons 
between groups were performed by Student’s t test for independent samples, and 
Mann-Whitney U test was used when non-parametric analysis were required. 
For categorical variables, qui-square and McNemar’s tests were used, and lastly, 
to compare different scores, Mann-Whitney U test were used. All statistical ana-
lyzes were performed using JMP® Software 10.0 (SAS Institute Inc., Cary, NC, 
USA). Findings were considered statistically significant when P values were less 
than 0.05. 
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3. Results 

Group A was composed of 38 patients (14 male and 24 female), mean age of 41.9 
± 15.8 years. Group B was composed of 17 patients (8 male and 9 female), mean 
age of 43.5 ± 15.8 years. No difference was observed related to sex (P = 0.4748, 
chi-square test) or age (P = 0.7334, Student’s t test) between groups (Table 1). 

The time of hearing loss was compatible with the duration of sound depriva-
tion, and there was a statistically significant difference between groups (group A: 
17.7 ± 12.5 years vs. group B: 27.1 ± 9.1 years; P = 0.0031; Figure 1). 

When auditory thresholds were analyzed (considering mean auditory thre-
sholds at 500, 1000, 2000, and 4000 Hz, dBNA) pre-operatively, by supra aural 
phones, and post-operatively, by free-field audiometry, there was no differences 
between group A and group B (P = 0.1796 [pre-operatively], and P = 0.3138 
[post-operatively], Mann-Whitney U test). Yet, there was no difference between 
both groups when auditory gain after CI was analyzed (P = 0.1087). However, 
when each group was taken separately, auditory gain after surgery was statisti-
cally significant (P < 0.0001, Table 2). 
When speech perception tests were performed pre-operatively (expressed by 
percentage of correct answers), there was no difference between group A (8.5 ± 
15.4) and group B (10.8 ± 16.9; P = 0.4946, Mann-Whitney U test). After one 
year of the surgery, speech perception tests were significantly higher within 
group A (91.2 ± 9.0) than group B (78.8 ± 17.1; P = 0.0163, Mann-Whitney U 
test), as demonstrated in Figure 2 and Table 3. 

There were no differences between groups A and B related to the etiology of 
hearing loss (Table 4). 

The characteristics of social isolation, adherence to speech therapy, and labor 
inclusion were not statistically different during pre- and post-operative stages, 
between groups. It was found a statistical difference when user’s satisfaction of 

 
Table 1. Age and sex of participants (n = 55). 

Group N 
Sex Age at the time of 

surgery (years) Male Female 

A 38 14 (36.8%) 24 (63.2%) 41.9 ± 15.8 

B 17 8 (47.1%) 9 (52.9%) 43.5 ± 15.8 

P  0.4748* 0.7334** 

A = participants with sound deprivation of less than 10 years; B = participants with sound deprivation 
greater than 10 years; N = total number of participants in each group; * = chi-square test; ** = Student’s t test. 

 
Table 2. Mean auditory thresholds, in dBNA, pre- and post-cochlear implantation. 

Group Pre-CI Post-CI Gain P (**) 

A 114.2 ± 7.6 29.5 ± 6.5 84.6 ± 10.0 <0.0001 

B 111.5 ± 8.0 32.4 ± 8.5 79.1 ± 12.0 <0.0001 

P (*) 0.1796 0.3138 0.1087  

Post-CI = post-operative stage; Pre-CI = pre-operative stage; * = comparison between groups by 
Mann-Whitney U test; ** = comparison pre- and post-operatively, by Wilcoxon rank sum test. 
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Table 3. Speech perception tests, pre- and post-cochlear implantation. 

Group SPT Pre-CI (%) SPT Post-CI (%) P (**) 

A 8.5 ± 15.4 91.2 ± 9.0 <0.0001 

B 10.8 ± 16.9 78.8 ± 17.1 <0.0001 

P (*) 0.4946 0.0163  

SPT Post-CI = post-operative speech perception test; SPT Pre-CI = pre-operative speech perception test; * = 
comparison between groups by Mann-Whitney U test; ** = comparison pre- and post-operatively, by Wil-
coxon rank sum test. 

 
Table 4. Etiology of hearing loss (n = 55). 

Etiology Group A N and (%) Group B N and (%) Total N and (%) 

Genetic 4 (40) 6 (60) 10 (18.2) 

Idiopathic 14 (87.5) 2 (12.5) 16 (29.1) 

Infectious 6 (54.6) 5 (45.4) 11 (20) 

Otosclerosis 4 (80) 1 (20) 5 (9.1) 

Ototoxicity 1 (50) 1 (50) 2 (3.6) 

Sudden deafness 1 (100) 0 (0) 1 (1.8) 

Trauma 8 (80) 2 (20) 10 (18.2) 

 

 
Figure 1. Correlation between time of hearing loss (years) and 
duration of sound deprivation (P = 0.0031 - Student’s t test, t = 
31,355) between groups A and B. * = statistically significant. 

 
CI was compared between group A and group B (P = 0.0077, chi-square test, 
Table 5). 

Tinnitus was identified in 20 out of 38 patients (52.63%) of group A, 
pre-operatively. Only one patient of this same group presented tinnitus after 
surgery (P < 0.0001, McNemar’s test). This corresponds an improvement of 95% 
of this complaint. It was also identified in 11 out of 17 patients (64.7%) of group 
B, pre-operatively. After surgery, three patients still complained of tinnitus (P = 
0.0196, McNemar’s test). In the group of 11 patients with tinnitus in pre-operative 
stage, it was observed that 27.3% kept them complains after surgery. 

Symptoms of vertigo were identified in 12 (31.6%) patients of group A before 
cochlear implantation, and 6 (15.8%) of them kept the symptoms after surgery  
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Figure 2. Speech perception tests comparisons between groups 
(P = 0.0163, Mann-Whitney U test). SPT = speech perception 
test; * = statistically significant. 

 
Table 5. Results of the variables comparing pre- and post-cochlear implantation related 
to social aspects of the study. 

Variable 
Group 

P (*) 
A B 

Social isolation (pre-operative) 

Yes 14 (40%) 6 (37.5%) 
0.8653 

No 21 (60%) 10 (62.5%) 

Social isolation (post-operative) 

Yes 3 (8.8%) 1 (6.7%) 
0.7959 

No 31 (91.2%) 14 (93.3% 

Labor inclusion (pre-operative) 

Yes 20 (55.6%) 10 (62.5%) 
0.6399 

No 16 (44.4%) 6 (37.5%) 

Labor inclusion (post-operative) 

Yes 26 (74.3%) 13 (92.9%) 
0.1451 

No 9 (25.7%) 1 (7.1%) 

Speech therapy adherence (pre-operative) 

Yes 17 (46%) 7 (43.8%) 
0.8828 

No 20 (54% 9 (56.3%) 

Speech therapy adherence (post-operative) 

Yes 28 (80%) 13 (86.7%) 
0.5739 

No 7 (20%) 2 (13.3%) 

Satisfaction 

Yes 38 (100%) 14 (82.4%) 0.0077 

No 0 (0%) 3 (17.6%)  

 
(P = 0.0339, McNemar’s test). It showed an improvement of 50% within this 
group. Group B presented 2 (11.8%) patients with vertigo before and 2 (11.8%) 
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patients after cochlear implantation (P = 1.00, McNemar’s test). 
There was a statistically significant improvement in group A regarding social 

isolation after CI surgery (P = 0.0002, chi-square test). When groups were ana-
lyzed separately, there was a bigger difference in group A (P = 0.0009) than 
group B (P = 0.0588, chi-square test; Table 5). 

The same was observed about labor inclusion, comparing both groups—pre- 
and post-operatively. There was a general improvement (P = 0.0067, chi-square 
test), with slightly better results for group A, after the surgery (P = 0.0339 vs. 
0.0833, chi-square test; Table 5). 

User’s satisfaction about the usage of the CI was verified by IOI-HA (Interna-
tional Outcome Inventory for Hearing Aids) [22]. There is an evident difference 
between groups, and it was more noticeable within the group with a shorter time 
of sound deprivation (P = 0.0077). 

4. Discussion 

There is no statistical evidence related to the samples of this study regarding sex 
and age at the time of surgery, as published by Lazard et al. [7] and Blamey et al. 
[10]. 

Differences in auditory thresholds, before and after cochlear implantation, are 
significantly for both groups. It was already expected due to different technolo-
gies and applicability of the electronic device, as shown in the literature. The CI 
is the best option for severe to profound deafness, with great effectiveness for 
oral language and speech perception development, as demonstrated by many 
studies [23] [24] [25] [26]. 

Data available in the literature suggest that post-lingual deafened adults, with 
sound deprivation greater than 10 years, showed a worse performance on speech 
perception tests, after 1 and 2 years of the CI surgery. Despite of good results in 
both groups on sound detection, represented by auditory thresholds after coch-
lear implantation, group A presented a better performance (91.7 ± 9.0) than 
group B (78.8 ± 17.1), similarly to Friedland et al., Portmann et al., Blamey et al., 
and Holden et al. [6] [8] [10] [27]. 

There was no significant difference among different brands of CI, between 
groups A and B, as well there was no difference regarding the etiology of hearing 
loss, what concurs with Lazard et al. who also did not observe differences re-
garding auditory outcomes among the different brands of CI, but found differ-
ences regarding the etiology of hearing loss [7]. 

Tinnitus was present, with statistical difference, within group B, which sug-
gests that the greater the period of sound deprivation, the lower is the chance of 
tinnitus improvement after CI surgery. This may happen due to the habituation 
phenomenon. Despite this fact, there was improvement in tinnitus in both 
groups, reinforcing the effectiveness of CI surgery in improving tinnitus when is 
associated with hearing loss, as demonstrated by Kim et al., and Greenberg et al. 
[28] [29]. 
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Vertigo was present in both groups, but group A showed better outcomes re-
garding its resolution after cochlear implantation (P = 0.0339), differently of 
what happened in group B. The results of this study are accordingly to Chen et 
al. [30], and demonstrate that the shorter is the period of sound deprivation, the 
greater the possibility of improvement of vertigo after the CI surgery. 

Social isolation and labor inclusion were statistically different between groups 
A and B, what may indicate a negative correlation between these factors and the 
duration of sound deprivation. Furthermore, clinical experience has demon-
strated the need to evaluate the individual’s satisfaction of all performed inter-
ventions, and to associate them with clinical examination, to ensure an effective 
adaptation of the user and the device. Yet, self-evaluation questionnaires are 
important tools to support professionals during follow-up of individuals with CI 
devices as they provide information on the difficulties and facilities of the indi-
vidual during their use [31]. For both groups, it could be documented the im-
provement in user’s satisfaction and quality of life, and the reduced impact that 
hearing loss can cause. 

The results of the present study confirm previous findings in the literature and 
support the relation between the greater is the period of sound deprivation, the 
worse is the performance of speech perception test after cochlear implantation. 

Some factors must be considered as limitation for the data interpretation, such 
as the number of subjects enrolled that is related to the second limiting factor, 
the data acquisition from medical records and to be a retrospectively study. 
These factors were minimized by careful data acquisition and statistical analysis 
that demonstrates a homogeneous distribution between the both groups. 

5. Conclusions 

Adult sound deprivation greater than 10 years can lead to worse performance in 
speech perception test when compared to a shorter time of sound deprivation. 

The longer time of sound deprivation also negatively influenced other factors 
such as tinnitus, vertigo and social isolation after the CI surgery. 

Despite these findings, surgery in patients with sound deprivation greater than 
10 years is not contraindicated. 
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