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Introduction

In 1998, Belgium was one of the first countries 
in Europe to introduce national neonatal auditory 
screening. In 1994, cochlear implants (CI) were 
covered by the Belgian national health insurance 
for children and adults, and in 2010, bilateral 
implantation was covered for children.1 Currently, 
due to early diagnosis and early treatment, more 
than 50% of children that receive CIs achieve 
a mainstream education.2 In 2006, Belgium 
implemented strict selection criteria for health 
coverage of CIs. These criteria included a bilateral, 
unaided, Pure Tone Average (PTA) hearing level 
(HL) of at least 85 decibels (dB) when tested at 
hearing threshold levels of 500, 1000, and 2000 
Hz. In addition to the PTA, the speech recognition 
score for monosyllabic words had to be less than 
30% at a 70 dB sound pressure level (SPL)3 without 
a hearing aid (HA). In addition, the waveform 
peak V of the brainstem-evoked potentials should 
only be found at levels higher than or equal to 90 
dB normal HL. Potentially, these more stringent 

criteria could influence the final outcome of patient 
implantations, in terms of speech recognition, either 
in silence or in noise conditions. In comparison, 
the United States Food and Drug Administration 
determines the candidate for each CI type based 
on a specific sentence recognition performance; 
CIs are provided to those with an average score of 
less than 50% correct on the HINT sentences test. 
The score must be obtained with the best-fit HA, 
to demonstrate insufficient benefit from a HA.4 
Other countries have also adopted less restrictive 
inclusion criteria than those used in Belgium.

At an individual level, the first step towards 
implantation is an evaluation of the selection 
criteria for a particular patient. One month after 
implantation, rehabilitation starts with a fitting and 
a test for auditory stimuli detection, discrimination, 
and identification. For adults, rehabilitation and 
follow-up with a multidisciplinary team continues 
for 4 years.1 

Previous studies in adults have shown that 
an improvement in speech recognition could be 
expected after a CI.5-9 Earlier studies evaluated 
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separated by a 2-year interval. Only the results of 
the first implanted ear were analysed in the present 
study. For each of the 66 patients, we recorded the 
score of the last speech recognition test at 70 dB 
SPL in quiet conditions, with the CI program used 
most often in daily life. The stimuli were presented 
with a loudspeaker at 0° without a contralateral HA. 
The scores reflected the percentage of recognised 
phonemes in the Consonant-Vocal-Consonant word 
list compiled by the Dutch society of Audiologists.3

A subgroup of patients was actively followed-
up during this study. Among these, 21 agreed to 
participate in our study. We tested the SRT in noise 
conditions with a fixed speech-weighted noise at 
65 dB SPL. Subjects used the CI program that they 
used most often in daily life and wore a contralateral 
HA. The adaptive speech and the fixed noise were 
presented with a loudspeaker at 0°, in a test-retest 
paradigm. The average SRT value in fixed noise 
conditions was calculated as the percentage of 
recognized words from the LIST word list.10

Predictive factors

In addition to the scores for the speech recognition 
test and the SRT in fixed noise, we collected data on 
several factors that could affect the outcome. The 
selection of factors was based on earlier studies by 
Lazard et al.6 and Blamey et al.7,8 We analysed 14 
demographic, audiological, and technical factors 
for their ability to predict the speech recognition 
score in quiet conditions and the SRT in fixed noise 
conditions, measured in the ear with the CI. To as-
sess the preoperative audiological status of each pa-
tient, we measured the PTA at 500, 1000, and 2000 
Hz, in both ears; the maximum HL was 130 dB, due 
to the limits of the audiometer. Based on these pre-
operative PTAs, we divided the subjects into three 
groups, including those with CIs in their best ear 
(best), those with CIs in their worst ear (worst), and 
those with similar PTA scores in both ears (same).  
We also recorded where the CI was placed, in the 
right or left ear. 

The onset of hearing loss was defined as the age 
that the patient displayed a PTA of 40 dB HL or 
more, or the age that the patient started using a HA. 
The duration of hearing loss was defined as the time 
between the onset of hearing loss and implantation. 
The use of HA was divided into four groups: no 
HA, a HA on the implanted side, a HA on the 
contralateral side, and bilateral HAs. The duration 

different factors that might influence the speech 
recognition outcome after a CI.6-9 In two studies, 
Lazard et al.6 and Blamey et al.8 (n=2251) found 
five factors that had significant effects, including 
the duration of severe to profound hearing loss 
(PTA ≥90 dB HL), the age at onset of severe-to-
profound hearing loss, the age at implantation, the 
aetiology, and the duration of CI usage. Moreover, 
Lazard et al.6 found significant effects for the PTA 
in the better ear, the use of HA, the duration of 
moderate hearing loss, the manufacturer of the CI, 
and the percentage of active implanted electrodes.8 

In a prospective study, Holden et al.9 studied 114 
adults with postlinguistic deafness that received 
new implants over a period of two years. They 
examined several factors to determine significant 
differences between outcome groups. Aside 
from demographic and audiological factors, 
they examined electrode position and cognitive 
ability. Among the demographic and audiological 
factors, they found that outcome was significantly 
negatively correlated with the age at implantation, 
duration of hearing loss, duration of HA use, 
and duration of severe-to-profound hearing loss. 
Also, the sound-field threshold levels with the CI 
and the preoperative sentence recognition were 
significantly correlated to outcome. 

The retrospective part of this study aimed to 
analyse the speech recognition score after CI 
surgery in adults with postlinguistic deafness and 
to determine factors that influence the outcome. 
The prospective part of this study aimed to analyse 
factors that influenced the speech reception 
threshold (SRT) in fixed noise conditions. The 
results were expected, with some variation, to 
take into account the relatively stringent selection 
criteria. 

Materials and methods

Subjects and test methods

This study included adults (18 years or older at 
the time of the study) with postlinguistic deafness 
that received a CI between January 2002 and 
October 2013 at the University Hospitals of 
Leuven. To assure technical comparability between 
the different brands of CIs, we chose the starting 
point of January 2002.6,8 Sufficient follow-up was 
warranted to allow this retrospective analysis. We 
included 66 patients. One patient received two CIs, 

Dierickx et al.indd   220 6/10/16   12:10



Predictive factors of speech understanding in adults with cochlear implants	 221

The average SRT in fixed noise conditions was 1.7 
dB Sound Noise Ratio  (SNR) (SD 4.2 dB; range 
-2.7 to 14 dB SNR). The speech recognition score 
(CVC test, %) was not normally distributed (p = 
0.009). Similarly, the prospective study distribu-
tion was not normal (p = 0.001). The distributions, 
means, and SDs of the different demographic, au-
diological, and technical factors are shown in Ta-
bles 1 and 2. In comparing the distributions across 
the different groups of speech recognition scores 
(Table 3), we found a significant difference only 
in the durations of hearing loss (H (4) = 10.567, 
p = 0.032).  In a post-hoc pairwise comparison of 
the distributions for the five categories of hearing 
loss durations, we found a significant difference in 
speech recognition between the group with 25 - 40 
years of hearing loss (m = 74.38) and the group with 
> 40 years of hearing loss (m = 48.15) (Z = 22.462, 
p = 0.028). The other groups were not significantly 
different (Figure 1).  We could not find any signifi-
cant difference in distributions among the groups 
when comparing SRTs (Table 3). The nonparamet-
ric Spearman correlation analyses of associations 
between the dependent variables and the continu-
ous independent factors are summarized in Tables 
4 and 5. No significant correlation could be found 
for the speech recognition score in quiet conditions 
(Table 4). However, the average SRT in fixed noise 
conditions was significantly correlated with the du-
ration of hearing loss (rs = 0.466, p = 0.033) and 
with the PTA in the better ear (rs = 0.571, p = 0.007; 
Table 5). The PTA ranged from 60 - 130 dB HL, 
because patients with auditory neuropathy received 
CIs before reaching a bilateral 85 dB HL.

Discussion

The aim of this single centre study was to evaluate 
the outcome of CIs in terms of the speech recog-
nition score (retrospective data) and the SRT (pro-
spective data). 
We found a significant difference among the sub-
categories of hearing loss duration on the speech 
recognition score, particularly between the groups 
with longer hearing loss durations. There was also a 
significant correlation between the duration of hear-
ing loss and the SRT in fixed noise conditions. This 
finding was consistent with findings by Blamey 
et al.8 and Lazard et al.6 This result might be ex-
plained by the degeneration of peripheral auditory 

of HA use was calculated for the ear with the CI. 
The use of a contralateral HA after implantation 
was recorded; one patient with bilateral CIs was 
placed into the group with a contralateral HA after 
implantation. The age at implant was recorded. 
The experience with the CI (months) was defined 
as the time before each patient was tested, either 
for speech recognition in quiet conditions or for the 
SRT in fixed noise conditions. 

Different CI types were used over the years. 
Several models were manufactured by Cochlear Ltd. 
(Sydney, Australia), including: CI512, Freedom, 
CI24 RE Contour Advance (CI24RE(CA)), 
CI24R(CS), and CI24R(CA). The HiRes 90K 
model was manufactured by Advanced Bionics 
Corporation (Valencia, USA).

Statistical methods

The significance level was set as p <0.05. All tests 
were conducted with SPSS version 22 (SPSS Inc., 
Chicago, Ill., USA). Normality was evaluated with 
the Shapiro-Wilk test. When appropriate, nonpara-
metric tests were applied to the data. The distribu-
tion of speech recognition scores in quiet conditions 
and the SRT in fixed noise conditions were inves-
tigated among the different categories with Mann-
Whitney U-tests (Z) and Kruskal-Wallis tests (H) 
with an asymptotic significance level (two-sided). 
The Mann-Whitney U-test was used for comparing 
gender groups, the type of hearing loss progres-
sion, the categories of HA usage after CI, and the 
implanted ear groups; each of these categories had 
two levels. The Kruskal-Wallis test was used to as-
sess the effects of aetiology, duration of hearing 
loss, the use of HA in the implanted ear, the cho-
sen ear (based on PTA), and the CI brand. We used 
the most recent speech recognition scores in quiet 
conditions and the SRT in fixed noise conditions 
as the dependent factors in the correlation analyses 
(two-tailed Spearman test, ρ2); the continuous data 
were considered the independent factors, including: 
PTAs in the ear with the CI and in the contralateral 
ear, the age and duration of hearing loss, the dura-
tion of HA use in the CI ear, experience (months) 
with the CI, and the age of implantation. 

Results

The mean speech recognition score (outcome mea-
sure) was 65.1% (SD 22.4%; range 3% to 100%). 
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Table 1
Distribution of patients in the different categories 

Categories Subcategory Na

Aetiology Accident 3
Acoustic Trauma 2
Autoimmune 1
Bruton agammaglobulinaemia 1 [1]
Chemotherapy 1
Complications after operation 2
DFNA 9 7 [2]
Genetic, Not-syndromatic 4 [1]
Mènière 5 [3]
Meningitis 3 [1]
Otosclerosis 8 [4]
Ototoxicity 5
Perinatal 1
Syndrome, Usher 2 [1]
Syndrome, Wolfram 1
Unknown 20 [8]

Gender Male 34 [10]
Female 32 [11]

Progression of hearing loss Acquired progressive 56 [20]
Acquired non-progressive 10 [1]

Implanted ear Best 22
Worst 37
Same 7
Right 39 [13]
Left 27 [8]

Duration of hearing loss (years) 0 - 10 15
11 - 15 11
16 - 25 14
26 - 40 13
> 40 13

Preoperative hearing aid use No 5
Implanted side 11 [4]
Contralateral side 10 [3]
Bilateral 40 [14]

Postoperative contralateral hearing aid use Yes 49 [15]
No 17 [6]

Cochlear implant types Cochlear Ltd. CI512 9
Cochlear Ltd. Freedom 11
Cochlear Ltd. CI24RE(CA) 24
Cochlear Ltd. CI24R(CS) 10
Cochlear Ltd. CI24R(CA) 5
Advanced Bionics HiRes 90K 7

aN: the total number of patients [the number of patients tested with SRT in fixed noise]
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age at implantation was expected to be significant, 
because it was identified as a significant factor in 
earlier studies by Budenz et al.12 and Vermeire et 
al.14 The discrepancy between those studies and 
the present study might be explained by potential 
physiological effects that occur with old age. Here, 
we found an insignificant negative correlation with 
age. This finding was consistent with the finding of 
Leung et al.13, who also found an insignificant nega-
tive correlation. 

We also found a statistically significant correla-
tion between the SRT in fixed noise conditions and 
the PTA in the better ear. This positive correlation 
was expected, because the PTA in the better ear cor-
relates with the functionality of the central auditory 
pathways.6 However, the choice of ear for implan-
tation based on the PTA did not affect performance. 
This finding was similar to the finding reported by 
Lazard et al.6, who confirmed that the PTA of the 
better ear had a significant effect. When not based 
on the PTA, the choice of ear for implantation was 
probably based on the patient’s choice and by the 
applicability and helpfulness of HA use in the best 
hearing ear. In addition to the PTA, the choice of 
ear was also influenced by surgical, audiological 
(duration of deafness), and patient factors.15 Budenz 
et al.12 found a higher performance among older 
subjects that received a CI on the right side, which 
stimulated the left side of the brain, compared to 
subjects that received CIs on the left side. That find-
ing was not confirmed in our study cohort. Simi-
larly, a recent study by Lassaletta et al.16 did not 
show any difference in performance between older 
individuals with CIs on different sides.

Holden et al.9 found an improvement in speech 
recognition over time. We did not analyse changes 

pathways, starting with a slow, but progressive loss 
of spiral ganglion neurons.6,8 Alternatively, Fried-
land et al.11 stated that post implant performance 
might be significantly determined by the effect that 
the duration of deafness has on the central auditory 
pathways. The difference in outcomes reported in 
studies by Budenz et al.12 and Leung et al.13 cor-
related more with the duration of hearing loss and 
deafness than with age of implantation. In this 
study, the age of hearing loss onset did not appear 
to be a statistically significant predictive factor. The 

Table 2
Distributions of the different continuous factors among patients 

Continuous factors Range Mean SD
Preoperative PTA (dB HL), CI ear 60 - 130 108.8 16.5 
Contralateral ear (dB HL) 61.7 - 130 101.8 17.2 
Best ear in SRT group (dB HL) 65 -130 101.1 19.2 
Age at hearing loss (years) 0 - 72 [0 - 69] 35.6 [33.9] 20.1 [19.5]
Duration of hearing loss (years) 0 – 72 [3 - 48] 23.7 [23.6] 17.1 [14]
Duration of HA use before CI (years) 0 - 47 [0 - 3] 12.4 [1.2] 12.6 [1]
Age at implantation (years) 18 - 81 57.8 15.1
Experience with CI (months) 6 - 121 [21 - 141.96] 46.6 [69.95] 33.5 [42.41]

Values represent calculations for all patients and [for patients tested with SRT in fixed noise]; PTA: Pure tone average; CI: Cochlear 
implant; SRT: speech reception threshold; HA: hearing aid; SD, standard deviation

Figure 1  
Boxplots show the speech recognition score among groups of 
patients with different durations of hearing loss. Horizontal line 
represents the median (68%) speech outcome across all groups: 
0 – 10, 10 – 15, 15 – 25, 25 – 40, and more than 40 years 
of hearing loss. (Bracket) A post-hoc pairwise comparison 
showed a significant difference in speech recognition between 
the group with 25 - 40 years (μ = 74.38) of hearing loss and 
the group with more than 40 years of hearing loss (μ = 48.15; 
Z = 22.462); *p = 0.028
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Table 5
Correlations between predictive factors and the SRT in noise conditions

Predictive factors Spearman correlation coefficient (rs) p (two-tailed)

Age at hearing loss (years) -0.358 0.111

Duration of hearing loss (years) 0.466 *0.033

HA in the CI ear (months) 0.322 0.179

Experience with CI (months) 0. 314 0.165
PTA in the better ear (dB HL) 0.571 *0.007

SRT: speech reception threshold; * = p<0.05; HA: hearing aid; CI: Cochlear implant; PTA: Pure tone average

Table 4
Correlations between predictive factors and the speech recognition score in quiet conditions

Predictive factors tested Spearman correlation coefficient (rs) p (two-tailed)

PTA CI (dB HL) - 0.009 0.473

PTA Contralateral (dB HL) - 0.178 0.153

Age at hearing loss (years) 0.110 0.378

Hearing loss duration (years) - 0.218 0.079

HA use in CI ear (months) 0.054 0.667

Experience with CI (months) - 0.129 0.302

Age when received CI (years) - 0.115 0.359
PTA: Pure tone average; CI: Cochlear implant; HA: hearing aid

Table 3
Differences in distributions across subcategories, evaluated with the Mann-Whitney U-test (Z) and the Kruskal-Wallis 

test (H) 
Subcategories Z p 

Gender 535.5 [58] 0.91 [0.86]

CI with HA 349 [22] 0.32 [0.08]

Implant on right-left side 616.5 [77.5] 0.24 [0.06]

Progression 327 [1] 0.4 [0.19]

H p df

Aetiology 15.26 [9.31] 0.43 [0.41] 15 [9]

Hearing loss duration (years) 10.58 *0.03 4

Preoperative HA use 2.25 [1.37] 0.52 [0.50] 3 [2]

Implant on best-worst ear 2 0.37 2

CI type 9.87 0.08 5
Values represent calculations for all patients and [for patients tested with SRT in fixed noise]; * = p<0.05; CI: Cochlear 
implant; SRT: speech reception threshold; HA: hearing aid; df: degrees of freedom

over time in this study, but we did analyse the dura-
tion of CI experience (months). However, we did 
not find CI experience to be a statistically signifi-
cant factor, despite the fact that it was the most sig-
nificant factor in a study by Blamey et al.8

After implantation, continued HA use on the con-
tralateral side had no statistically significant effect 

on the outcome in our study. However, the tests in 
this study were conducted without HA use on the 
contralateral side, as described in an earlier study 
by Mok et al.17, who found that HA usage improved 
speech recognition. Ching et al.18,19 and Potts et 
al.20 also reported that HAs provided a bimodal 
benefit for sound localization and speech recogni-
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are needed to ascertain our claims regarding CI 
treatment. 
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