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Abstract

Objective. To investigate the influence of cochlear implant
(CI) use on subjective benefits in quality of life in cases of
asymmetric hearing loss (AHL).

Study Design. Prospective clinical trial.

Setting. Tertiary academic center.

Subjects and Methods. Subjects included CI recipients with
AHL (n = 20), defined as moderate-to-profound hearing
loss in the affected ear and mild-to-moderate hearing loss in
the contralateral ear. Quality of life was assessed with the
Speech, Spatial, and Qualities of Hearing Scale (SSQ) prag-
matic subscales, which assess binaural benefits. Subjective
benefit on the pragmatic subscales was compared to word
recognition in quiet and spatial hearing abilities (ie, masked
sentence recognition and localization).

Results. Subjects demonstrated an early, significant improve-
ment (P \ .01) in abilities with the CI as compared to preo-
perative abilities on the SSQ pragmatic subscales by the 1-
month interval. Perceived abilities were either maintained or
continued to improve over the study period. There were no
significant correlations between results on the Speech in
Quiet subscale and word recognition in quiet, the Speech in
Speech Contexts subscale and masked sentence recognition,
or the Localization subscale and sound field localization.

Conclusions. CI recipients with AHL report a significant
improvement in quality of life as measured by the SSQ prag-
matic subscales over preoperative abilities. Reported
improvements are observed as early as 1 month postactiva-
tion, which likely reflect the binaural benefits of listening
with bimodal stimulation (CI and contralateral hearing aid).
The SSQ pragmatic subscales may provide a more in-depth
insight into CI recipient experience as compared to beha-
vioral sound field measures alone.
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P
atients with asymmetric hearing loss (AHL), defined

as moderate-to-profound hearing loss in the poorer

ear and mild-to-moderate hearing loss in the better

ear, experience significant impairment in daily activities as

well as reduced quality of life compared to people with

bilaterally normal hearing.1-6 Benefits of binaural stimula-

tion include head shadow effects, binaural squelch, and

binaural summation.7-9 These binaural benefits are impor-

tant for understanding speech in noise as well as complex

listening environments. Patients with AHL may report a

poorer quality of life due to an inability to benefit from

binaural cues as a result of the severity of the hearing loss

in the poorer-hearing ear.2,3,6 Some of these limitations can

be demonstrated with behavioral sound field measures,

including decreased speech recognition in noise and sound

source identification (also known as localization).2,3 There

may be additional negative consequences of AHL on real-

world experiences that are not revealed with traditional,

behavioral sound field measures.

Traditional management options for patients with AHL

include no treatment, use of contralateral routing of the

signal (CROS) hearing aids, and use of bone conduction

hearing aids (BCHAs).10 Subjects report that perceived

binaural hearing abilities do not improve significantly with

traditional treatment options, such as CROS hearing aids
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and BCHAs, as compared to the unaided condition.5 Both

subjective report and behavioral performance in the sound

field on tasks of speech recognition and spatial hearing demon-

strate the limitations of traditional treatment options.5,11,12 This

is likely due to the fact that neither hearing aids nor BCHAs

provide ear-specific stimulation, precluding or severely limit-

ing true binaural hearing.

Cochlear implantation is an alternative to traditional

treatment options for patients with AHL or unilateral hear-

ing loss (UHL), with initial investigations demonstrating the

effectiveness of cochlear implant (CI) use on measures of

subjective benefit, speech recognition in quiet and noise,

and localization.2,3,5,13-16 For instance, Arndt et al5 demon-

strated subjective improvement in perceived binaural hearing

abilities with CI use in subjects with UHL and significantly

improved speech recognition in noise due to the head

shadow effect. Subjects did not experience a significant dif-

ference in speech recognition in noise with CI use in the

binaural summation or binaural squelch conditions.5 Buss

et al15 reported UHL subjects experienced improved word

recognition in quiet with the CI alone and improved spatial

hearing (ie, masked sentence recognition and localization)

with the CI plus the normal-hearing ear as compared to

preoperative performance. Subjective benefit was assessed

via questionnaires (ie, Abbreviated Profile of Hearing Aid

Benefit [APHAB]17; Speech, Spatial, and Qualities of

Hearing [SSQ]18), and responses were compared to perfor-

mance on behavioral sound field measures.14,16-18 A signifi-

cant correlation between the subjective report and masked

sentence recognition was observed at the 12-month interval;

however, a significant correlation was not seen for sound

localization.14 In addition, there was no significant correla-

tion between subjective report and either behavioral mea-

sure before surgery.14 These findings suggest there may be

a discrepancy between traditional sound field measures and

a patient’s perception of difficulty with hearing, both before

and after cochlear implantation. This, in turn, suggests that

some quality-of-life measures may reveal aspects of binaural

hearing benefit not quantified with traditional, behavioral

sound field measures.

In regards to subjective benefit, the majority of prior

investigations of the effectiveness of CI in cases of UHL

and AHL used the SSQ questionnaire, which assesses per-

ceived abilities on 3 subscales: Speech Hearing, Spatial

Hearing, and Qualities of Hearing.18 Subject responses on

the SSQ can provide additional insight into their perceived

abilities when scored on the pragmatic subscales.19 The

pragmatic subscales under each traditional subscale are

listed in Table 1. Recent reports have used the pragmatic

subscales to assess binaural benefits in subjects with UHL

and AHL.4,14,19 These studies have found correlations

between scores on these pragmatic subscales and asymmetry

of hearing thresholds, as well as an improvement seen when

stimulating the poorer ear either with a hearing aid (HA) or

CI.

The main objective of the present study was to determine

if CI use in subjects with AHL provides subjective benefits,

as reflected in scores on the SSQ pragmatic subscales. A

secondary objective was to compare the subjective responses

on specific pragmatic subscales to behavioral performance on

sound field measures (ie, word recognition in quiet, masked

sentence recognition, and localization). We hypothesized that

there would be early, significant improvements in subjective

benefit with CI use.

Methods

A prospective clinical trial was performed at a single institu-

tion investigating the effectiveness of CI use in the poorer-

hearing ear for subjects with AHL. The study procedures

were approved as part of an Investigational Device Exemption

by the Food and Drug Administration and the University of

North Carolina’s Institutional Review Board. Subjects pro-

vided informed consent and underwent cochlear implantation

as part of the clinical trial. The study procedures included sub-

jective questionnaires and tasks of word recognition in quiet,

masked sentence recognition, and localization.

Candidacy criteria for the ear-to-be implanted included

an unaided pure-tone average (PTA; 500, 1000, and 2000

Hz) of �70 dB hearing level (HL) and poor aided word rec-

ognition, defined as �60% correct on consonant-nucleus-

consonant (CNC) words in quiet.20 Candidacy criteria for

the contralateral ear included an unaided PTA between 35

and 55 dB HL and aided word recognition of �80% correct.

A value of 120 dB HL was entered into the PTA calculation

when no response to the stimulus was provided. Subjects

completed at least a 1-month trial with an alternative treat-

ment option for AHL, including conventional HAs, Bi-

CROS HAs, or BCHAs, with limited benefit.

Subjects underwent cochlear implantation with a MED-EL

Synchrony Standard electrode array (MED-EL Corporation,

Innsbruck, Austria). The electrode array was inserted via a

round window approach, and an intraoperative x-ray was

obtained to confirm array placement. Initial activation of the

CI device occurred 2 to 4 weeks after implantation.

Table 1. Speech, Spatial, and Qualities of Hearing (SSQ) Pragmatic
Subscales as Defined by Gatehouse and Akeroyd.19

Speech Hearing

h Speech in Quiet

h Speech in Noise

h Speech in Speech Contexts

h Multiple Speech-Stream Processing and Switching

Spatial Hearing

h Localization

h Distance and Movement

Qualities of Hearing

h Sound Quality and Naturalness

h Identification of Sounds and Objects

h Segregation of Sounds and Objects

h Listening Effort

934 Otolaryngology–Head and Neck Surgery 162(6)



Subjects were evaluated preoperatively and at 1 month

and 12 months postactivation. Subjects completed the SSQ

questionnaire at each interval, typically before speech rec-

ognition and spatial hearing assessment. Tasks of word rec-

ognition in quiet, masked sentence recognition, and

localization were completed in a sound booth in an unaided

condition at the preoperative interval and in the bimodal

condition (CI plus contralateral HA) at the postactivation

intervals, as described previously.15 Briefly, word recogni-

tion in quiet in the poorer-hearing ear was assessed with

CNC words. Subjects listened with a HA at the preoperative

interval and with their CI at the postactivation intervals.

Recorded materials were presented at 60 dB sound pressure

level (SPL) with the subject seated 1 m from the speaker and

masking presented to the contralateral ear. For masked sen-

tence recognition and localization, subjects listened with the

HA in the contralateral ear at the preoperative interval and in

the bimodal condition at the postactivation intervals. Masked

sentence recognition in spatially separated noise was assessed

with AzBio sentences in a 10-talker babble; the masker was

at 60 dB SPL, and the target was at 0 dB signal-to-noise ratio

(SNR). The target sentence was presented from the front

speaker and the masker was presented 90� contralateral to the

CI ear. Results for CNC words and AzBio sentences were

scored as the percentage of correctly repeated words. For

localization, subjects were seated in the middle of a 180� arc

of 11 speakers. A 200-ms noise burst was presented from a

randomly selected speaker at 52, 62, or 72 dB SPL, and the

subject reported the speaker number of the perceived sound

source. Localization results are reported as the root mean

squared (RMS) error, a metric that quantifies the difference

between the perceived vs actual sound source location.

Data Analysis

Repeated-measures analysis of variance (ANOVA) was

used to assess the change in subjective benefit for the

Speech Hearing, Spatial Hearing, and Qualities of Hearing

pragmatic subscales over the study period using the SPSS

statistical software (version 26; SPSS, Inc, an IBM

Company, Chicago, Illinois). The preoperative, 1-month,

and 12-month intervals were selected to review performance

with early CI use (ie, preoperative to 1 month) and over the

postactivation period (ie, 1-12 months). The Greenhouse-

Geisser correction factor was applied when Mauchly’s test

of sphericity indicated nonsphericity. One subject did not

complete the 12-month interval. Group mean values were

used to replace missing data in the repeated-measures

ANOVA. The pattern of results reported below was con-

firmed with a linear mixed model, with missing data and a

random intercept for subject with the R statistical software

(version 3.6.1).21

Bivariate Pearson correlations were used to assess the

association between behavioral sound field results (ie, word

recognition in quiet, masked sentence recognition, and loca-

lization) and responses on the pragmatic subscales at each

interval using SPSS. Specifically, CNC scores were com-

pared to responses on the Speech in Quiet subscale, AzBio

sentences in spatially separated noise scores were compared

to the Speech in Speech Contexts subscale, and RMS error

was compared to the Localization subscale. A rationalized

arcsine transform was applied to the percent correct speech

recognition scores (CNC words and AzBio sentences) to

normalize error variance22: rationalized arcsine units (RAUs)

are nearly identical to percent correct over the range of 20%

to 80% correct. A paired-samples t test was used to compare

subject performance between the preoperative and 12-month

intervals on these same measures using SPSS.

Results

Demographics

Twenty adult subjects (11 female) received a CI and partici-

pated in the study procedures. Most subjects reported

sudden onset of their hearing loss in the affected ear (n =

14) and an unknown etiology for the hearing loss (n = 15).

Suspected etiologies for the remaining subjects included

Ménière’s disease (n = 3), viral infection (n = 1), and noise-

induced hearing loss (n = 1). In the affected ear, the mean

PTA was 88 dB HL (range, 70-120 dB HL), with a mean

aided CNC score of 8% (range, 0%-30%). In the contralat-

eral ear, the mean PTA was 38 dB HL (range, 35-50 dB

HL), with a mean aided CNC score of 87% (range, 80%-

100%). The mean age at implantation was 70 years (range,

52-79 years).

Speech Hearing Pragmatic Subscales

Results for the 4 Speech Hearing pragmatic subscales at the

preoperative, 1-month, and 12-month intervals are plotted

in Figure 1. A higher value indicates better perceived

abilities. There was a significant main effect of interval

(F(2, 38) = 15.34, P \ .001, h2 = 0.45). Responses differed

significantly between the Speech Hearing pragmatic sub-

scales (F(1.8, 33.7) = 112.1, P \ .001, h2 = 0.86), with higher

levels of perceived ability noted on the Speech in Quiet sub-

scale. The interaction between interval and subscale was not

significant (F(6, 114) = 0.93, P = .479, h2 = 0.05), indicating

Figure 1. Subjective benefit over time measured with the Speech
Hearing pragmatic subscales, including Speech in Quiet, Speech in
Noise, Speech in Speech Contexts, and Multiple Speech Stream
Processing and Switching. Higher values indicate better perceived
ability.
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a similar pattern of improvement over time in perceived

abilities across subscales. Review of the simple main effects

revealed significant differences in responses for all sub-

scales between the preoperative and 1-month intervals (P�
.027), but not between the 1-month and 12-month interval

(P � .49). This indicates that subjects report an early, sig-

nificant improvement in perceived abilities for speech

understanding in different auditory environments—from

quiet to multiple talkers—that is stable through the 12-month

interval.

Figure 2 shows individual changes from the preopera-

tive to the 12-month interval for the Speech in Quiet and

Speech in Speech Context pragmatic subscales. These indi-

vidual data mirror the group means, with improvement in

perceived ability seen for all subjects. Table 2 shows group

means for the Speech Hearing pragmatic subscale responses

at the 12-month interval compared with responses from lis-

teners with bilateral normal hearing4 and CI recipients with

UHL.16 Subjects with AHL did not reach the perceived abil-

ity levels of either those with normal hearing or UHL,

although it should again be noted that there was significant

improvement from the preoperative timepoint in this cohort.

The next analysis evaluated whether the perceived bene-

fit reported on the Speech Hearing pragmatic subscales was

reflective of the speech recognition performance measured

behaviorally. First, the responses on the Speech in Quiet

subscale were compared to the CNC scores in the affected

ear obtained at the preoperative, 1-month, and 12-month

intervals. Figure 3 plots the CNC scores using transformed

percentages against perceived ability on the Speech in Quiet

subscale for each interval. There was no significant associa-

tion between CNC scores and the responses on the Speech

in Quiet subscale (P � .520) for any of the intervals. Next,

the responses on the Speech in Speech Context subscale

were compared to scores for the AzBio sentences in spa-

tially separated noise. Thirteen subjects were assessed at 0

dB SNR with the AzBio sentences at the preoperative and

postactivation intervals. Figure 4 plots performance on

AzBio sentences using transformed percentages against per-

ceived ability on the Speech in Speech Context subscale for

each interval. There was no significant association between

masked sentence recognition and perceived benefit on the

Speech in Speech Context subscales (P � .130) for the pre-

operative or 1-month intervals. This correlation approached

significance at the 12-month interval (r = .53, P = .075).

This should be interpreted with caution, however, as the anal-

yses did not include a correction for multiple comparisons.

Spatial Hearing Pragmatic Subscales

Figure 5 plots the responses on the 2 Spatial Hearing prag-

matic subscales at the preoperative, 1-month, and 12-month

intervals. Similar to the Speech Hearing pragmatic subscales,

there was a significant main effect of interval (F(2, 38) =

27.67, P \ .001, h2 = 0.59). There was no significant effect

of subscale (F(1, 19) = 0.06, P = .804, h2 = 0.003), indicating

similar responses for the Localization subscale and the

Distance and Movement subscale. There was also no signifi-

cant interaction between interval and subscale (F(2, 38) =

2.57, P = .090, h2 = 0.12). Review of the simple main effects

revealed significant differences in the responses between the

preoperative and 1-month intervals (P � .001), indicating

subjects reported early improvements in perceived abilities

on questions related to sound source identification. Subjects

continued to report a significant improvement on the Distance

and Movement subscale between the 1-month and 12-

month intervals (P = .016). Responses did not differ signif-

icantly between the 1-month and 12-month intervals on the

Localization subscale (P = .122).

Individual changes from the preoperative to the 12-month

interval for the Localization subscale are shown in Figure 2.

This shows improvement seen in nearly all subjects, with 1

subject showing a slight decline in perceived ability. Table 2
compares responses at the 12-month interval with published

data from listeners with normal hearing4 and CI recipients

with UHL.16 As with the Speech Hearing pragmatic sub-

scales, perceived ability of subjects with AHL in the present

study did not reach the level seen for the other cohorts.

The responses on the Localization subscale were com-

pared to the results on the localization task to assess the

relationship between subjective responses and behavioral

results. Figure 6 plots RMS localization error as a function

of the perceived ability on the Localization subscale, with

Figure 2. Individual changes from preoperative to 12-month interval for Speech in Quiet, Speech in Speech Contexts, and Localization
pragmatic subscales. Higher values indicate better perceived ability.
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results shown separately for the preoperative, 1-month, and

12-month intervals. A lower value on RMS error indicates

better localization. There was not a significant association

between RMS error and perceived benefit on the Localization

subscale (P � .44) at any interval.

Qualities of Hearing Pragmatic Subscales

Figure 7 plots the responses on the 4 Qualities of Hearing

pragmatic subscales. Over the study period, there were

significant main effects of interval (F(2, 38) = 13.21, P \ .001,

h2 = 0.41) and of subscale (F(2.3, 42.7) = 36.35, P \ .001,

h2 = 0.66), as well as a significant interaction of interval

and subscale (F(6, 114) = 3.33, P = .005, h2 = 0.15).

Review of the simple main effects of subscale by interval

revealed a significant difference between the preoperative

and 1-month intervals for the Segregation of Sounds and

Objects and Listening Effort subscales (P � .048) but not

for the other subscales (P � .097). The difference between

the preoperative and 1-month responses was particularly

evident for the Listening Effort subscale, which is an

aspect of hearing not routinely measured clinically.

Responses for each subscale did not change significantly

between the 1-month and 12-month intervals (P � .120).

Table 2 compares responses from listeners with bilater-

ally normal hearing,4 CI recipients with UHL,16 and the

present sample of CI recipients with AHL on the Qualities

of Hearing pragmatic subscales. As with the Speech

Hearing and Spatial Hearing subscales, subjects with AHL

did not reach the perceived ability in those seen with either

normal hearing or UHL.

Discussion

Early, significant improvements in perceived abilities were

reported by CI recipients with AHL, which corroborates the

significant improvements in quality of life reported in

Figure 4. Comparison of subjective responses on the Speech in Speech Context subscale and scores for AzBio sentences in spatially sepa-
rated noise. Results are reported in rationalized arcsine units (RAUs), with higher values indicating better performance.

Figure 5. Subjective benefit over time as measured with the Spatial
Hearing pragmatic subscales, including Localization and Distance and
Movement. A higher value indicates better perceived ability.

Figure 3. Comparison of responses on Speech in Quiet subscale and consonant-nucleus-consonant (CNC) scores. Results are reported in
rationalized arcsine units (RAUs), with higher values indicating better performance.

938 Otolaryngology–Head and Neck Surgery 162(6)



previous studies with similar cohorts.2,3,14,23 Significant

benefits in perceived ability were observed as early as the

1-month interval for all 3 subscales. These results indicate

that CI recipients with AHL may recognize benefits with

the CI within the initial weeks of listening experience, even

while acclimating to bimodal stimulation. Interestingly, the

significant improvements on the majority of pragmatic sub-

scales were relatively stable over the postactivation period,

while the responses on the Distance and Movement prag-

matic subscale continued to improve over time.

The pragmatic subscales in the Spatial Hearing and

Qualities of Hearing categories assess abilities in auditory

scene analysis and cognitive abilities that are not necessarily

evaluated in other questionnaires or sound field measures.24

Pragmatic subscales such as Listening Effort and Sound

Quality and Naturalness reflect abilities and experiences

that are not currently evaluated clinically. The continued

improvement in these categories over time would be missed

with conventional testing. Subjective measures like the SSQ

could therefore provide important information to supple-

ment speech perception and spatial hearing assessment, with

a goal of providing a comprehensive understanding of the

patient’s listening experience.

The responses on the Speech in Quiet subscale and

Speech in Speech Context subscale did not significantly cor-

relate with CNC scores in quiet and AzBio sentence scores

in spatially separated noise, nor did the responses on the

Localization subscale significantly correlate with RMS error

on the localization task. Behavioral assessment in the sound

booth provides a limited view of the CI recipient’s ability in

a controlled setting. While the controlled nature of beha-

vioral testing in the sound booth supports comparisons of

performance over time, this may not reflect the CI recipi-

ent’s functional hearing ability in the real world.

The present cohort reported significantly improved abil-

ities on questions related to binaural hearing within the ini-

tial weeks of bimodal listening. These findings are similar

to those previously reported for a group of CI recipients

with UHL14; however, there were some differences. On the

Speech Hearing pragmatic subscales, the UHL cohort

reported continued improvements between the 1-month and

12-month postactivation intervals, whereas the AHL cohort

did not report gains above and beyond those observed at the

1-month interval. Some notable differences between the

cohorts include the obvious discrepancy in hearing thresh-

olds of the contralateral ear (ie, normal to near-normal hear-

ing vs mild-to-moderate hearing loss) but also increased age

at implantation of the AHL cohort. The average age at

implantation was 70 years for the AHL cohort and 50 years

for the UHL cohort. Increased age at implantation is associ-

ated with decreased speech recognition even when hearing

thresholds are consistent across groups, possibly due to a

change in cognitive ability and auditory processing abil-

ities.24,25 Consistent with this hypothesis is the finding that

speech recognition has been reported to be worse in older as

compared to younger CI recipients meeting the traditional

candidacy criteria for cochlear implantation of bilateral

moderate-to-profound hearing loss.26,27 It is also possible

that the AHL cohort may need a longer duration of listening

experience with bimodal stimulation before additional sub-

jective benefits are observed. Ongoing work is assessing the

long-term outcomes (ie, .12 months) of CI recipients with

UHL and AHL on measures of speech recognition, spatial

hearing, and subjective benefit, as well as the potential

covariates—such as advanced age at implantation.

Figure 6. Comparison of responses on the Localization subscale and sound field localization. Results are reported as root mean squared
(RMS) error, with lower values indicating better sound source localization.

Figure 7. Subjective benefit over time as measured with the
Qualities of Hearing pragmatic subscales, including Sound Quality
and Naturalness, Identification of Sounds and Objects, Segregation
of Sounds, and Listening Effort. Higher values indicate better per-
ceived ability.
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Conclusion

Cochlear implant recipients with AHL report early, significant

improvement in quality of life as measured by pragmatic sub-

scales of the SSQ, revealing aspects of bimodal hearing benefit

that are not observed with traditional clinical test measures.

The significant improvement in perceived abilities is demon-

strated with early CI use and is either maintained or continues

to improve over the first year of listening experience. The

SSQ pragmatic subscales provide greater insight of CI recipi-

ent experience as compared to traditional sound field measures

alone and may be beneficial to include in the assessment of CI

recipients with UHL or AHL. Results reported here add to the

growing evidence of cochlear implantation as an effective

treatment option for patients with AHL.
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