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ORIGINAL ARTICLE

Cochlear implant referral patterns in the UK suggest a postcode lottery with 
inequitable access for older adults; results of a pilot audit in five Audiology sites

Helen Cullingtona, Ann-Marie Dickinsonb, Unai Martinez de Estibarizc�, Joseph Blackabyd, Lisa Kennedye,  
Katie McNeillf and Sara O’Neillg 

aAuditory Implant Service, University of Southampton, Southampton, UK; bCwm Taf Morgannwg University Health Board, Wales, UK; cThe 
Richard Ramsden Centre for Hearing Implants, Manchester University NHS Foundation Trust, Hannover, Germany; dMid and South Essex NHS 
Foundation Trust, Southend, UK; eNortheast Regional Cochlear Implant Programme, Middlesbrough, UK; fNorthern Devon Healthcare NHS Trust, 
Barnstaple, UK; gSt George’s University Hospitals NHS Foundation Trust, London, UK 

ABSTRACT 
Objective: To use a standardised reporting tool to identify potential eligible candidates for cochlear 
implant (CI) referral and quantify the proportion of adults who had a CI referral discussion after present-
ing with an audiogram within United Kingdom (UK) audiometric criteria.
Design: Retrospective multicentre 6-month audit of Audiology clinic databases.
Study sample: A total of 810 adults from five geographically diverse UK Audiology sites.
Results: Data were collected in late 2019 after UK CI audiometric candidacy criteria changed; one site col-
lected only 3 months of data. The proportion of potential eligible adults (based only on audiometry) con-
sidered for CI referral was 64% (521 out of 810) and varied by site (from 50% to 83%). About 24% of 
patients (123 out of 521) declined CI referral; this also varied across sites (12–45%). The median age of 
patients where CI referral was not considered was 80 years – significantly higher than the group where CI 
referral was considered (73 years).
Conclusions: CI referral is dependent on where adults live, and how old they are. Older adults are signifi-
cantly less likely to be considered for CI referral by Audiologists. Audiology clinics need more support to 
empower staff to talk to patients about CI referral.
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Introduction

Severe to profound deafness can lead to anxiety, depression, and 
social isolation (Carlsson et al. 2015; Kim et al. 2017). Hearing 
loss is the largest of the twelve potentially modifiable risk factors 
for dementia (Livingston et al. 2020). Cochlear implants (CIs) 
are a cost-effective intervention that generally reduce the eco-
nomic impact of severe to profound deafness (O’Neill, Lamb, 
and Archbold 2016) and improve quality of life (Crowson et al. 
2017; World Health Organisation 2021).

The uptake of CI by adults globally is disheartening, with 
only 5–13% of estimated audiometrically eligible adults receiving 
a CI (De Raeve 2016; Nassiri, Sorkin, and Carlson 2022; Raine 
2013) despite evidence showing large, life-changing benefits post- 
implantation (Gaylor et al. 2013; Ng et al. 2016). However, esti-
mated figures of unmet need are typically based on prevalence of 
severe to profound hearing loss, and may not reflect CI candi-
dacy (i.e. outcomes with hearing aids, desire to have a CI) (Looi, 
Bluett, and Boisvert 2017). The new United Kingdom (UK) 
NICE guidance was published on 7 March 2019 (National 
Institute for Health and Care Excellence 2019), enabling many 
more people to benefit from a CI. Candidacy for adult cochlear 
implantation in the UK is guided by audiometry and speech per-
ception results. CIs will not be suitable for everyone with severe 
to profound deafness, and not all deaf people will want a CI.

The transition from hearing aids to CI represents a con-
tinuum of care for adults with severe to profound deafness 
(Buchman et al. 2020; Turton et al. 2020). This journey begins in 
local Audiology services and moves into specialist CI services. 
Determining CI candidacy, counselling and referral are usually 
performed by hearing aid Audiologists (not CI specialists), who 
may lack training on CI candidacy and have low confidence dis-
cussing CI (Bierbaum et al. 2020; Chundu and Buhagiar 2013; 
Raine 2013). The journey from hearing aids to CI is considered 
complex and convoluted by both patients and clinicians 
(Rapport et al. 2020) which may contribute to low uptake (Looi, 
Bluett, and Boisvert 2017). Cullington et al. (2022) introduced 
the “leaky pipe” analogy to explain why so many adults with 
severe to profound deafness do not have a CI. They suggested 
that adults ‘drop out’ of the process at all stages – from the 
Audiology clinic (referral not mentioned, patient declined refer-
ral) to the CI centre (patient not suitable, patient declined assess-
ment, patient declined surgery). This is supported by Australian 
data showing that of 18 adults within candidacy criteria, 7 were 
not referred and only 4 ended up having a CI (Looi, Bluett, and 
Boisvert 2017).

Informed choice and shared decision-making are firmly 
embedded in National Health Service (NHS) policies (NHS 
England and NHS Improvement 2019) and NICE guidance 
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(National Institute for Health and Care Excellence 2021). All 
adults within candidacy criteria should have CI candidacy 
explored and explained, with accessible verbal and written infor-
mation on potential benefits and limitations. Patterns in CI 
referral in the UK are unknown, but the literature suggests CI 
referral is limited by a number of patient and professional factors 
(Bierbaum et al. 2020; Ebrahimi-Madiseh et al. 2020; Nassiri 
et al. 2021; Raine 2013).

Aims

This pilot audit used a standardised reporting tool to identify 
potential eligible candidates for CI referral in the UK’s National 
Health Service; it aimed to quantify the proportion of adults who 
had a CI referral discussion after presenting with an audiogram 
within NICE audiometric criteria.

Audiometry is only part of the candidacy criteria in the UK; 
this pilot audit only examined audiometry.

Research questions

1. What proportion of adults with an audiogram meeting 
NICE criteria had CI referral discussion?
a. Did the proportions differ across five UK Audiology 

clinics?
b. Did patient age, sex, pure tone average (PTA) in better 

ear or degree of audiometric slope affect CI referral 
being discussed?

2. What proportion of those offered CI referral declined 
referral?
a. Did the proportions differ across five UK Audiology 

clinics?
b. Did patient age, sex, PTA in better ear or degree of 

audiometric slope affect the proportion of patients who 
declined CI referral?

Materials and methods

Development of the Crystal report

An Auditbase Crystal report was developed by Auditdata and 
CochlearVR , with input from authors. Auditbase is the most com-
mon UK Audiology patient management system (PMS).

Participating sites

Five Audiology sites developed and tested the report, based on 
their previous experiences with building and running Crystal 
reports and/or interest in auditing CI referral in their clinic. 
Three sites had an integrated CI programme (same database) 
(sites C, D and E), and two referred to external CI centres (sites 
A and B). The sites represented diverse geographical locations 
and covered inner city and rural areas. NHS hospitals do not 

have clearly defined geographical areas as patients can attend 
any hospital, so it is difficult to define their catchment popula-
tion. However, the hospital locations ranged from being situated 
in the 10% most deprived location of England to the 20% least 
deprived (gov.uk 2019).

Data collection and categorisation

The Crystal report was retrospectively run from 1 July 2019 to 
31 December 2019 (6 months) at four sites (A, B, C, E), and 
from 1 September to 30 November 2019 (3 months) at one site 
(D). The report returned a spreadsheet of all adults with audio-
grams done during this period within NICE criteria for CI. The 
authors then searched for information regarding whether CI 
referral had been discussed with the patient at any point in their 
current pathway (typically the last 3–5 years), using hand search-
ing of paper notes and/or digital records within Auditbase. 
Auditbase has a search function in the ‘journal’ area, so that may 
have been used, but the exact method used to interrogate 
Auditbase was not noted. All cases were then retrospectively cat-
egorised (Table 1). If there was no documentation that a CI dis-
cussion had occurred, it was assumed it had not happened.

Additional non-analysed categories were: patient seen in ENT 
but not seen in Audiology service/not under the Audiology ser-
vice (e.g. private hearing aids) (CI6), subsequently deceased 
(CI7), using CI already (CI8), and missing data (CI9). These 
data were removed from the analysis, as the aim was to assess 
whether Audiologists were discussing referral with potential eli-
gible patients.

Categories CI1–CI4 represent cases where CI discussion was 
documented. To meet the gold standard that all suitable adults 
are considered for referral, all cases should be in categories 
CI1–CI4.

Research and development approval

Audits were registered with local NHS Trust R&D.

Analysis

The number of patients in each category (CI1–CI5) and patient 
age and sex were obtained at each site. Pure tone air conduction 
thresholds were averaged at 500, 1000, 2000, 3000 and 4000 Hz. 
If there was no response, 5 dB was added to the last measured 
value e.g. no response at 120 dB was recoded to 125 dB. If data 
were missing for 500, 1000, 2000 or 4000 Hz, the average was 
not calculated. Pure tone average in better ear was chosen as the 
lowest of the two averages, or the only average if one was miss-
ing. In one case where the 2000 Hz threshold was missing in an 
ear with much better hearing, a better ear average was not 
included. To estimate audiometric slope, the magnitude of the 
difference between the thresholds at 500 and 4000 Hz was calcu-
lated for each ear, and the largest value taken. (The magnitude 

Table 1. Audit categories.

Category code Category name Description

CI1 Referred for CI Already referred
CI2 Not referred: unsuitable/outside criteria Not suitable for referral at that time e.g., word discrimination score out of criteria, anomaly 

in audiogram, audiogram within BAHA criteria not CI, acute illness, end of life
CI3 Not referred: further assessment needed Needed further appointments in Audiology or ENT before referral
CI4 Not referred: patient declined Declined CI referral following documented discussion
CI5 Not referred: CI to be discussed No discussion documented
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was used to cater for reverse slope audiograms where the 
4000 Hz threshold is better (lower) than the 500 Hz threshold).

Data distribution of the categorical variables was assessed 
using p-p plots (age, audiometric threshold in better ear, slope); 
all showed violation from normal distribution and were analysed 
using non-parametric tests (Mann–Whitney). Differences in pro-
portion were assessed using the Chi-square test. The p value was 
set to 0.05. Analysis was done using IBM SPSS version 29 (SPSS 
Inc., Chicago, IL).

Results

A total of 875 adults across the five centres who had done an 
audiogram in the time period met the NICE audiometric criteria 
for CI referral. A total of 65 patients were excluded from analysis 
because they had not been seen in Audiology, they had since 
died, they already had a CI or their data were missing (categories 
CI6–CI9). This left 810 patients aged from 18 to 105 years (354 
female, 451 male, 5 unknown) where a discussion about CI refer-
ral should have been considered.

Research question

1. What proportion of adults with an audiogram meeting 
NICE criteria had CI referral discussion?
There was documented consideration of CI referral (catego-
ries CI1 to CI4) in 521 out of 810 cases (64%); CI referral 
discussion did not occur (CI5) in 289 out of 810 
patients (36%).
a. Did the proportions differ across five UK Audiology 

clinics?
The proportion of people where CI referral discussion 
was considered varied significantly from 50% to 83% 
across the five centres (Chi-square (4, n¼ 810) ¼ 38.5 
p¼ 0.000). This means that in 17–50% of cases of 
severe to profound hearing loss, there was no docu-
mentation that CI discussion had occurred (Figure 1).

b. Did patient age, sex, pure tone average in better ear or 
degree of audiometric slope affect CI referral being 
discussed?

Age
The median age of patients where CI referral was considered was 
73 years (range ¼ 18–105 years; sd ¼ 20 years); the median age 
for patients where CI referral was not considered was 80 years 
(range ¼ 18–105; sd ¼ 16 years). Those patients where CI refer-
ral was considered were significantly younger than those where 
CI referral was not considered (Mann–Whitney U ¼ 57188.5, 
Z ¼ −5.674, p ¼ 0.000).

Sex
There was no significant difference in the sex of people in the 
group where CI discussion occurred and the group where it did 
not occur (Chi-square (1, n ¼ 805) ¼ 2.488 p ¼ 0.115).

Pure tone average (PTA)
The median pure tone average in the better ear for patients 
where CI referral was considered was 85 dBHL (range ¼ 46–123 
dBHL; sd ¼ 16 dB); median pure tone average in the better ear 
for patients where CI referral was not considered was 77 dBHL 
(range ¼ 43–118 dBHL; sd ¼ 14 dB). Those patients where CI 
referral was considered had significantly worse (higher) pure 
tone average in the better ear than those where CI referral was 
not considered (U ¼ 53952.0, Z ¼ −6.619, p ¼ 0.000).

Slope
The median slope was 35 dB (range ¼ 0–110 dB; sd ¼ 24 dB) in 
the group where CI referral was considered and 40 dB (range ¼
0–100 dB; sd ¼ 24 dB) in the group where CI referral was not 
considered. There was not a statistically significant difference in 
the slope parameter in patients where CI referral was and was 
not considered (Mann–Whitney U ¼ 69429.0, Z ¼ −1.797, 
p ¼ 0.072).

1. What proportion of those offered CI referral declined refer-
ral?
172 out of 810 patients (21%) were referred for CI assess-
ment; 123 out of 521 patients (24%) declined CI referral.
a. Did the proportions differ across five UK Audiology 

clinics?
The Audiology centres differed significantly in the pro-
portion of people who declined referral; this ranged 
from 12% to 45% (Chi-square (4, n ¼ 521) ¼ 35.1 
p ¼ 0.000) (Figure 2).

b. Did patient age, sex, pure tone average in better ear or 
degree of audiometric slope affect the proportion of 
patients who declined CI referral?

Age
The median age for patients who accepted CI referral was 
73 years (range ¼ 18–105 years; sd ¼ 20 years); the median age 
for patients who declined CI referral was also 73 years (range ¼
18–100; sd ¼ 21 years). There was no difference in age between 
patients who accepted referral and those who declined it (Mann– 
Whitney U ¼ 24291.0, Z ¼ −0.127, p ¼ 0.899).

Sex
Almost identical numbers of men and women declined CI refer-
ral (61 female, 59 male, 3 unknown) (Chi-square (1, n ¼ 517) ¼
1.448 p ¼ 0.229).

Figure 1. Percentage of cases of severe to profound hearing loss where CI refer-
ral was not discussed (numbers at each site are A: n ¼ 97 out of 195; B: n ¼ 29 
out of 109, C: n ¼ 54 out of 184, D: n ¼ 14 out of 83, E: n ¼ 95 out of 239).
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PTA
The group of patients who declined CI referral had worse pure 
tone thresholds in the better ear than those who accepted referral 
(Mann–Whitney U ¼ 17059.0, Z ¼ −4.942, p ¼ 0.000). Median 
pure tone average in the better ear for patients who declined CI 
referral was 93 dBHL (range ¼ 56–121 dBHL; sd ¼ 14 dB); 
in the group who accepted referral the median was 83 dBHL 
(range ¼ 46–123 dBHL; sd ¼ 6 dB).

Slope
Slope was also not a significant factor in the groups where 
patients accepted (median ¼ 35 dB; range ¼ 0–110 dB; sd ¼
24 dB) or declined CI referral (median ¼ 38 dB; range ¼
0–100 dB; sd ¼ 24 dB) (Mann–Whitney U ¼ 23751.5, 
Z ¼ −0.363, p ¼ 0.716).

Discussion

Discussion about CI should happen for all adults meeting NICE 
audiometric criteria. In some cases, this may be a discussion about 
why a CI is not appropriate, for example speech perception testing 
is out of criteria, or the patient does not want an implant. At the 
time of data collection, there was very little speech perception test-
ing documented, so the report was unable to include these data. 
This audit showed that a documented CI discussion occurred in 
only 64% of cases (521 out of 810 patients) – with significant vari-
ation between the five centres (50–83%).

Potential reasons for results

The centre with the highest rate of CI referral discussion had an 
attached CI centre; the centre with the lowest did not. It is not 
surprising that Audiologists working alongside a CI centre were 
more likely to consider CI.

CI referral was declined by the patient in 24% of cases (123 
out of 521 patients); decline reason was not collected. The report 
was not designed to extract this information, but as the audit 
progressed we began to try to collect the reason. However, there 
was often insufficient or missing information. The referral 
decline rate varied considerably between centres (12–45%) 

suggesting local factors (both patient and professional) may be 
involved. The hospital with the highest decline rate was in the 
least deprived location of the five sites. Future work should con-
sider whether sociodemographic factors of the hospital areas 
impact referral and decline patterns.

Figures 1 and 2 show roughly similar patterns, suggesting 
those centres that had higher rates of documenting CI referral 
discussion also have a lower referral decline rate.

Audiologists were less likely to discuss referral with older 
patients. Australian data with smaller patient numbers showed 
no significant difference in age between those referred and not 
referred – however, their data were not analysed for ‘referral dis-
cussed’ like the current work. Age was not a factor influencing 
whether adults themselves accepted or declined CI referral, also 
shown by Looi, Bluett, and Boisvert (2017). Evidence shows out-
comes with CI are as good in adults aged 85þ as they are in 
younger adults (Wong, Moran, and O’Leary 2016). Sex was not a 
factor influencing CI referral.

Our results showed that Audiologists were less likely to discuss 
referral with patients with better hearing thresholds – unlike 
Australian data which showed little effect of PTA (Looi, Bluett, 
and Boisvert 2017). It is possible that Audiologists were unfamiliar 
with the new NICE guidance, or perhaps other data (e.g. speech 
perception) suggested the patients were “too good” for CI referral, 
although speech tests were not documented. Conversely, those 
patients with better hearing thresholds were less likely to decline 
CI referral. Perhaps they were more reliant on their remaining 
hearing, and thus more motivated to optimise it. Previous work 
suggested that patients with ski slope losses (good low frequency 
thresholds) may not be considered for CI referral (Raine et al. 
2016). However, our data showed no effect of audiometric slope.

The UK NICE guidance defines severe to profound hearing 
loss as pure tone audiometric thresholds equal to or greater than 
80 dBHL at two or more frequencies (500, 1000, 2000, 3000 and 
4000 Hz) bilaterally. The British Society of Audiology recom-
mended procedure for pure tone audiometry lists test frequencies 
as 250, 500, 1000, 2000, 4000 and 8000 Hz – only advising testing 
intermediate frequencies such as 3000 Hz “where needed and 
practicable” (British Society of Audiology 2018). Omitting 3000 Hz 
testing may, therefore, result in a patient not being in criteria for 
CI. The current data showed that out of 875 audiograms, 3000 Hz 
was not measured in both ears in 211 cases (24%). However, these 
were cases that were already within audiometric criteria for CI, so 
may not represent all audiograms being done.

What has changed since 2019 data collection?

These results were collected in 2019, and it is important to note 
several changes to the audiology and CI landscape in the UK 
that have occurred subsequently:

� The British Academy of Audiology (BAA) and the British 
Cochlear Implant Group (BCIG) launched the CI 
Champions scheme in November 2019 to train and support 
Audiologists on CI referral (British Academy of Audiology 
2022).

� The impact of the Covid-19 pandemic on CI referral is 
unknown. The number of people receiving CI in the UK is 
increasing but still not up to pre-pandemic levels (British 
Cochlear Implant Group 2022).

� A global consensus aims to highlight evidence and unite 
professionals in the aim of improving access to CI 
(Buchman et al. 2020).

Figure 2. Percentage of cases of severe to profound hearing loss where CI refer-
ral was discussed but the patient declined (numbers at each site are A: n ¼ 44 
out of 98; B: n ¼ 14 out of 80, C: n ¼ 22 out of 130, D: n ¼ 8 out of 69, E: 
n ¼ 35 out of 144).
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� An international advocacy group CIICA (Cochlear Implant 
International Community of Action) was formed in 2021 to 
raise awareness and reduce the global gap in CI provision.

� The UK ENT Trainee Research Network recently completed 
a study assessing CI referral in several UK sites, although 
results are not yet published (INTEGRATE, The UK ENT 
Trainee Research Network 2020).

Limitations

� CI referral discussion may have occurred in cases where it 
was not documented.

� UK CI candidacy for adults is based on audiometric thresh-
olds and speech perception testing. Some patients where CI 
referral discussion was omitted may have been out of crite-
ria on speech perception, although many Audiology sites do 
not have the facility for speech perception testing.

� The five centres involved were those with experience of 
Crystal reports and/or interest in auditing CI referral, and 
may not be representative of all UK Audiology centres.

� Three of the five Audiology services were linked to CI teams 
and shared the same PMS. Both internal and external refer-
rals for CI assessment would have occurred, but this version 
of the Crystal report did not separate out different referral 
sources.

Learning from this work

� Future work should explore reasons that patients decline CI 
referral.

� Improve education and empowerment of Audiologists.
� Raise awareness of the benefits of CI for older adults.
� 3000 Hz should be tested in cases of severe to profound 

hearing loss.
� The Crystal report has now been modified when run in a 

joint Audiology/CI centre to ensure that adults referred 
from external sources are coded separately.

� Enable Audiology departments to run speech perception 
testing.

� Future versions of the report should allow categories to be 
assigned by the Audiologist shortly after or while seeing the 
patient, making the audit quicker to run.

� The BCIG has just started collecting annual UK referral data 
(British Cochlear Implant Group 2022) which will allow 
assessment of the efficacy of referral initiatives.

The standardised reporting tool shows promise as a measure 
of CI referral in NHS Audiology services. A regular national 
audit would support better understanding of access to CI and 
barriers to referral.
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