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Abstract The objective of the present study is to evaluate

the effect of hybrid cochlear implantation (hCI) on quality

of life (QoL), quality of hearing (QoH), and working per-

formance in adult patients, and to compare the long-term

results of patients with hCI to those of patients with con-

ventional unilateral cochlear implantation (CI), bilateral

CI, and single-sided deafness (SSD) with CI. Sound

localization accuracy and speech-in-noise test were also

compared between these groups. Eight patients with high-

frequency sensorineural hearing loss of unknown etiology

were selected in the study. Patients with hCI had better

long-term speech perception in noise than uni- or bilateral

CI patients, but the difference was not statistically signif-

icant. The sound localization accuracy was equal in the

hCI, bilateral CI, and SSD patients. QoH was statistically

significantly better in bilateral CI patients than in the oth-

ers. In hCI patients, residual hearing was preserved in all

patients after the surgery. During the 3.6-year follow-up,

the mean hearing threshold at 125–500 Hz decreased on

average by 15 dB HL in the implanted ear. QoL and

working performance improved significantly in all CI

patients. Hearing outcomes with hCI are comparable to the

results of bilateral CI or CI with SSD, but hearing in noise

and sound localization are statistically significantly better

than with unilateral CI. Interestingly, the impact of CI on

QoL, QoH, and working performance was similar in all

groups.

Keywords Hybrid cochlear implant � Quality of life �
Working ability � Quality of hearing � Residual hearing

Introduction

Cochlear implant (CI) rehabilitation can be categorized

into four different types depending on the implanted con-

dition; unilateral, bilateral, bimodal (CI and contralateral

hearing aid), and hybrid. Electroacoustic stimulation with a

hybrid cochlear implant (hCI) is an option for patients with

severe, high-frequency sensorineural hearing impairment.

Cochlear implantation, either uni- or bilateral, has a

positive effect on quality of life (QoL) and quality of

hearing (QoH) [1]. Despite constantly developing proces-

sor techniques, the QoH with traditional CI may remain

relatively unnatural and therefore hearing in noise is often

challenging [1, 2]. Interestingly, hCIs have been shown to

improve hearing in noise and even music perception over

traditional CIs [3–5]. Moreover, advanced surgical tech-

niques and less traumatic electrodes have led to better

preservation of cochlear structures, providing a better basis

for good speech perception with preserved residual

hearing.

Sound localization with a single CI (with or without a

contralateral hearing aid) is poor. Bilateral CI use improves

sound localization, but it is still much poorer than in nor-

mal hearing controls [1]. Because of their relatively good

low-frequency residual hearing, hCI patients are expected

to have better sound localization than patients with con-

ventional CI. Interestingly, Moteki et al. have shown that

bilateral hCIs effectively improved speech perception in
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noise and sound localization in patients with high-fre-

quency hearing loss [6]. Gifford et al. and Adunka et al.

have shown that, in hCI patients, performance in complex

hearing environments—for example, in restaurant noise—

is better with electro-acoustic stimulation than with electric

stimulation alone [3, 7]. Rader et al. found that bimodal

hCIs (with a hearing aid in the contralateral ear) signifi-

cantly improved speech perception in noise compared to

bilateral cochlear implantation [8]. In most workplaces, the

hearing environment is complex, and hearing loss may

cause difficulties in working performance. Improved

hearing in noise and more accurate sound localization

should lead to better performance at work and in everyday

life. These benefits have not been evaluated in hCI patients.

The purpose of this study was twofold: (1) to evaluate

the long-term effects of hCIs on QoL, QoH, and working

performance in adult patients; and (2) to compare these

results to patients with conventional unilateral or bilateral

CI.

Materials and methods

We invited all eight hCI patients operated in our hospital to

participate in the study. All patients (5 women and 3 men)

with a mean implantation age of 49 years (range

25–70 years) responded and were included. Six patients

had unilateral hCIs and two patients had bilateral hCIs.

Five patients with unilateral hCIs used a hearing aid (HA)

in the contralateral ear. Six patients used acoustic ampli-

fication in the implanted ear (i.e., electro-acoustic stimu-

lation) and two patients used only the electric stimulation

mode. Bilateral high-frequency sensorineural hearing loss

etiology was unknown in all patients. The duration between

the hCI implantation and the study was, on average,

3.6 years (range 1.7–5.1 years). The study was conducted

at Tampere University Hospital, Tampere, Finland, and

approved by the Ethics Committee of Pirkanmaa Hospital

District, Tampere University Hospital. Detailed patient

data are shown in Table 1.

Comparison groups were single-sided deafness (SSD),

patients with unilateral CI, and sequentially bilaterally

implanted patients. The SSD group included seven patients

(five women and two men, mean age 48 years, range

36–61 years) and the etiology was sudden deafness of

unknown origin in five patients and stapes surgery in two

patients. The average time between the deafness and

cochlear implantation was 2.5 years (range 1–7 years). All

patients had normal contralateral hearing. The bilateral CI

group consisted of 15 patients (9 females, 6 males, mean

age 41 years, range 19–58 years). The etiology was bilat-

eral progressive postlingual sensorineural hearing loss in

14 patients, and 1 patient had severe bilateral congenital

hearing impairment. Ten patients had used an HA in the

contralateral ear before the second CI surgery. The first CI

had been implanted, on average, 4.7 years (range

1–14 years) before the second CI. The follow-up period

after CI surgery was 1 year in both comparison groups.

Detailed information about these control groups can be

found in our previous studies [1, 2].

The CochlearTM Nucleus� Hybrid L24 Cochlear

Implant System provides electrical stimulation to the basal

section of the cochlea while protecting the apical section to

provide benefits from acoustic stimulation. This combina-

tion of stimulation is indicated in patients with mild to

moderate hearing loss in the low frequencies and severe to

profound hearing loss in the high frequencies. The

implant’s active array is 15 mm in length with 22 half-band

electrode contacts inserted through the round window or

cochleostomy into the cochlea. The typical insertion depth

is 16 mm, indicated by a stopper to control the insertion

depth. The electrode diameter is 0.4 mm at the basal end

and 0.25 mm at the apical end. In this study, cochlear

implantations were performed with a standard mastoidec-

tomy and the facial recess approach. The round window

niche was identified and the bony overhang was carefully

removed to provide good access to the round window

membrane. The electrode insertion was performed via an

incision to the round window membrane.

Preoperative hearing and speech discrimination (SD)

were measured with recorded bisyllabic, phonetically bal-

anced words in the Finnish language that have been vali-

dated for adults [9]. Residual hearing and SD were

measured 1 month after the surgery and at the end of the

follow-up. Binaural hearing and hearing with an hCI alone

were tested in a sound field. Hearing in the non-implanted

ear with and without HA was tested after the follow-up.

The patients’ QoL, QoH, and working performance

were evaluated using specific questionnaires, which were

completed after the follow-up. The patients’ QoL was

measured by the Glasgow Benefit Inventory (GBI) ques-

tionnaire [10]. The GBI scores after the implantation of an

hCI depict the positive or negative impact of hCIs on the

patient’s QoL compared to the former condition. The test

contains 18 questions and the response to each question is

placed on a five-point scale ranging from a large deterio-

ration to a large improvement in health status. The GBI

consists of a total score and three subscores (general, social

support, and physical health). The total score is transposed

onto a benefit scale ranging from -100 (maximal negative

benefit) through 0 (no benefit) to ?100 (maximal positive

benefit).

QoH was measured with the Speech, Spatial and Qual-

ities of Hearing Scale (SSQ; version 3.1.2) questionnaire,

where patients use a visual analog scale (VAS; from 0 to

10) to evaluate their current hearing. The SSQ
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questionnaire is divided into three categories: speech

intelligibility, spatial perception, and sound quality. The

questionnaire measuring working performance has not

been validated. One patient was retired and did not fill this

questionnaire.

To assess the effect of electro-acoustic stimulation on

hearing, the patients’ speech recognition in noise and

localization abilities were measured via five loudspeakers

placed at 0� ± 45� and ±90� of azimuth in the horizontal

plane in a sound-field test room. Speech-in-noise and

localization tests were carried out after the postoperative

period following the implantation of the hCI.

In the speech-in-noise test, phonetically balanced

bisyllabic Finnish words [9] were presented at a level of

65 dB SPL from the loudspeaker at 0� of azimuth. The

noise was an unmodulated artificial signal with a long-term

spectrum corresponding to human speech [11]. The noise

was uncorrelated and presented from the other four loud-

speakers, and its level was varied in 5 dB steps to achieve

speech recognition scores as a function of signal-to-noise

ratio (SNR). The six SNRs in the present study were -10,

-5, 0, ?5, ?10, and ?15 dB. In the localization test, short

speech segments were presented randomly from each of the

five loudspeakers. The presentation level was 65 dB SPL

and it was roved within ±5 dB to avoid the participants

using loudness as a cue to localize sound. In the analysis,

sound localization accuracy was quantified by an error

index (EI) ranging from 0 to 1, with 0 corresponding to

perfect localization accuracy and 1 being chance

performance.

In the assessment, the participants were instructed to

face the frontal loudspeaker at 0� of azimuth and to not

move their heads during the test. In the speech-in-noise

test, they were instructed to repeat the word they heard, and

in the localization test, to name the loudspeaker they

thought the sound was emanating from. Similar data had

earlier been collected for sequentially bilaterally implanted

adults, as well as for a normally hearing control group [1]

and SSD patients implanted unilaterally with a cochlear

implant [2]. Although background and etiological factors

play a major role in cochlear implant outcomes, the aim of

the present assessment was to arrive at a basic under-

standing of how well the recipients of hCIs fared in com-

parison to the other two groups of cochlear implantees.

More details on the test setup are found in Härkönen et al.

[1, 2].

The data were analyzed with SPSS for Windows sta-

tistical software, version 19.0. The comparison between the

pre- and postoperative health (GBI) was performed using a

nonparametric test (the Wilcoxon signed-rank test). The

Mann–Whitney U test and the Kruskal–Wallis test were

used when comparing the hCI, SSD, and unilateral and

bilateral CI groups. The differences were considered sta-

tistically significant at a p value\0.05.

Results

The GBI scores showed a positive effect for CI on QoL in

all groups. In hCI patients, the mean total GBI score was

?44 at the end of the follow-up (p = 0.012). The mean

subscore was ?68 (p = 0.011) for general health, ?2 for

social support (not significant; ns), and -10 for physical

health (ns). One patient was diagnosed with breast cancer

during the study and this probably influenced her physical

health subscore. In comparison to the other CI groups, the

mean total GBI score was statistically significantly higher

for the hCI patients than for the SSD patients (p = 0.012)

(see Table 2).

Working performance clearly improved after the hCI

(see Table 3). The patients managed much better at work

and the implantation had a positive influence on their

career planning. Communication with co-workers and

speaking on the phone were also much easier. The patients

were more active in their working environment and more

alert after the working day. Working performance

Table 1 Patient demographics

No F/M Age (years) hCI (ear) HA (other ear) Years implanted Processor Acoustic stimulation

1 M 25 Right ? 5 CP910 ?

2 M 46 Both 5 and 4 CP810 ? CP810 -

3 M 70 Right – 3 CP910 ?

4 F 45 Right ? 3 CP910 ?

5 F 51 Right ? 3 CP810 -

6 F 62 Left ? 2 CP910 ?

7 F 33 Both 5 and 4 CP910 ? freedom ?

8 F 57 Right ? 3 CP910 ?

F female, M male, hCI hybrid cochlear implant, HA hearing aid
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improved after cochlear implantation in all comparison

groups [1, 2].

In the hCI patients, the SSQ score was 6.2 for sound

quality, 5.4 for speech intelligibility, and 5.5 for spatial

perception. In comparison to the other groups, speech

intelligibility was statistically significantly better in bilat-

eral CI patients than in hCI or SSD patients (p = 0.034)

(see Table 4).

The mean EI score was 0.34 in the hCI patients. This

result is in line with patients with bilateral CI (0.31) and

SSD (0.31). The sound localization score was 0.73 in

unilateral CI patients, which was statistically significantly

worse than the other groups (p\ 0.004).

Figure 1 demonstrates the speech perception in noise in

normal hearing controls and all CI groups. SSD patients

had statistically significantly better speech perception

scores than the other CI groups (p\ 0.027). The scores

were clearly the worst in patients with a unilateral CI.

At the end of the follow-up, the mean decrease in

hearing at 125 Hz was 11 dB HL in the implanted ear and

2 dB HL in the non-operated ear. The decrease was 14 and

10 dB HL at 250 Hz and 19 and 19 dB HL at 500 Hz,

respectively. One patient was excluded from this study

because she completely lost her residual hearing during

chemotherapy (see Fig. 2).

After the follow-up, the mean best-aided sound-field

PTA was 25 dB HL and the SD was 87%. The mean PTA

with an hCI alone was 27 dB HL and the SD was 88%. In

the non-implanted ear, the best-aided PTA was 64 dB HL

and the SD was 56%.

Table 2 The mean long-term Glasgow Benefit Inventory scores

hCI Unilat. CI Bilat. CI SSD ? CI

Total (SD) ?44 (9) ?43 (19) ?39 (17) ?28 (10)

General ?68 (12) ?60 (26) ?56 (27) ?42 (18)

Social support ?2 (19) ?12 (20) ?6 (12) ?7 (9)

Physical health -10 (25) ?8 (19) ?8 (23) -5 (13)

CI cochlear implant, hCI hybrid cochlear implant, SSD single-sided

deafness, SD standard deviation

Table 3 Questionnaire for

working performance with hCI
1. How much has the hCI helped you to do your work?

(a) Very much (b) Moderately (c) A little (d) No change (e) Worsened

2. How much has the hCI positively influenced your career development or planning?

(a) Very much (b) Moderately (c) A little (d) No change (e) Worsened

3. How much more active have you been in your working environment after the hCI?

(a) Very much (b) MODERATELY (c) A little (d) No change (e) Decreased activity

4. Has the hCI decreased your fatigue after the workday?

(a) Very much (b) Moderately (c) A little (d) No change (e) Increased fatigue

5. Is it easier to communicate with your co-workers after the hCI?

(a) Very much (b) Moderately (c) A little (d) No change (e) Worsened

6. Is it easier to speak on the phone after the hCI?

(a) Very much (b) Moderately (c) A little (d) No change (e) Worsened

The most common answer is in bold

Table 4 The mean long-term speech, spatial and qualities of hearing

scale scores

hCI Unilat. CI Bilat. CI SSD ? CI

Sound quality (SD) 6.2 (1.5) 6.7 (1.3) 7.6 (1.1) 7.0 (1.1)

Speech intelligibility 5.4 (1.1) 5.7 (1.3) 7.0 (1.6) 5.7 (1.6)

Spatial perception 5.5. (1.5) 3.0 (1.5) 6.3 (1.4) 5.1 (1.4)

hCI hybrid cochlear implant, SSD single-sided deafness, SD standard

deviation

Fig. 1 The mean best-aided speech perception in noise. SNR signal-

to-noise ratio, SSD single-sided deafness
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Discussion

This study shows that patients with hybrid and conven-

tional CIs experienced a positive impact from cochlear

implantation on their well-being and working performance.

QoL increased more in hCI patients than in SSD patients.

The reason for this might be that, with one normally

hearing ear, SSD patients managed quite well already

before the cochlear implantation.

Rader et al. have shown that patients with an hCI and a

contralateral HA had statistically significantly better

speech perception in noise than patients with bilateral CIs,

indicating that binaural interaction between the hCI in one

ear and residual acoustic hearing in the opposite ear

enhances speech perception in complex noise situations

[8]. This is in agreement with our study, although our

findings were not statistically significant. Gifford et al. and

Adunka et al. found that the performance in noise of

patients with hCIs was better with electro-acoustic stimu-

lation than with electric stimulation alone [3, 7]. However,

in these studies the comparison between electro-acoustic

and electric stimulation was made within one ear by

switching acoustic gain on/off. In our study, the compar-

ison was performed between patients with hCIs and con-

ventional CIs.

The mean long-term sound localization accuracy was

similar in hCI, bilateral CI, and SSD patients. We have

shown earlier that sound localization improved statistically

significantly after sequential bilateral cochlear implantation

and when the deaf ears of patients with SSD were

implanted. The mean EI score decreased from 0.73 to 0.31

after the second CI and from 0.94 to 0.31 in the SSD

patients [1, 2]. Unfortunately, preoperative sound

localization scores were not available for the hCI patients.

However, in two patients with bilateral hCIs, the sound

localization was tested before the second implant. One

patient had normal localization accuracy before and after

the surgery. The other patient’s preoperative EI was 0.42

with a contralateral HA and 0.22 with two hCIs without

acoustic stimulation. In severe uni- or bilateral hearing

impairment, moderately good sound localization can only

be achieved by cochlear implantation(s) that enhances

binaural hearing.

There is always a risk with cochlear implantation that

residual hearing will disappear partially or entirely. The

new shorter electrode designs and soft surgery techniques

aim at good long-term preservation of residual hearing. It is

probable that the shorter the electrode, the less is the risk

for hearing loss. Jurawitz et al. have shown that residual

hearing was preserved for the majority of the 197

implanted patients with the Hybrid L24 and the CI422

implant [12]. Patients implanted with the Hybrid L24

implant demonstrated greater stability and less median

hearing loss over time than those with the CI422 implant.

Talbot et al. have shown that 13% of hCI patients had a

total loss of residual low-frequency hearing after the

implantation [5]. All our patients had good hearing

preservation with the Hybrid L24 implant immediately

after the surgery. During the 3.6-year follow-up, the mean

hearing threshold at 125–500 Hz decreased on average by

15 dB HL in the implanted ear and 10 dB HL in the non-

implanted ear. At 500 Hz, the mean decrease was 19 dB

HL in both ears. Interestingly, Wiley et al. [13] have cal-

culated the rate of change in hearing thresholds for 48- to

59-year-old healthy men to be approximately 0.4 dB per

year at 500 Hz. The more rapid hearing deterioration in our

patients clearly exceeds Wiley’s findings and probably

results from the initial surgical trauma and/or unknown

etiological factors.

This study confirms the clinical observations that

cochlear implantation improves quality of life, quality of

hearing, and working performance in patients with severe

sensorineural high-frequency hearing loss, and the results

are comparable with patients with single-sided deafness

and those with bilateral implants. Furthermore, good

speech perception and sound localization cannot be

achieved with unilateral CI only. Due to the small number

of patients and large variation, for example, in duration of

deafness, the duration of CI experience, and cause of

deafness among the patients, it is difficult to create mat-

ched pairs for comparison. Therefore, our results may

reflect individual experience and performance, and out-

comes may not be directly derived from the CI treatment

option. To uncover these differences, larger multi-center

studies are needed.

Fig. 2 The mean pre- and postoperative hearing thresholds and the

change in hearing thresholds in the non-operated ear
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