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Combined electro-acoustic stimulation: a beneficial union?
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Background: The most pressing problem facing cochlear
implant research is no longer making artificial hearing a
reality. Instead, it is to develop devices that can more
clearly reflect the capabilities of the human auditory
system. Current cochlear implants rarely provide adequate
pitch perception. As hearing loss commonly affects
higher, more than lower frequencies, a possible solution
is to preserve acoustic hearing at low frequencies by
inserting a short electrode array and thus deliver
combined electro-acoustic stimulation (EAS).

Objective of review: To determine whether individuals
with severe-to-profound high-frequency hearing loss have
realised this predicted benefit of combined EAS, over
conventional cochlear implants, with respect to pitch.
Type of review: A systematic review of publications
pertaining to the benefits of combined EAS over conven-
tional cochlear implantation, with specific reference to
pitch perception.

Search strategy: A systematic literature search was
conducted across multiple databases and supplemented
by searching the reference lists of relevant trials and
identified reviews.

Results: The included studies suggest an overall benefit
of combined EAS, over conventional cochlear implants,
with respect to pitch. In addition, (i) 13% sustained a
total loss of low-frequency hearing post-implantation of
the short electrode array and, (ii) 24% had >20 dB
hearing loss across all frequencies and/or total hearing
loss.

Conclusions: For patients with severe-to-profound high-
frequency hearing loss combined EAS appears to offer a
significant, everyday, long-term benefit. However, further
clinical trials with larger numbers of candidates are neces-
sary to confirm this finding. The risks involved cannot be
ignored, but there is potential for a variety of strategies
to improve the safety margin.

The cochlear implant is undeniably the first prosthesis to
successfully integrate with the sensory functions of the
human brain. Having delivered an auditory percept, the
key challenge of cochlear implant research is to more
faithfully replicate the capabilities of the human auditory
system. An important step is to address one of the great-
est frustrations of cochlear implant users; their crude
pitch perception and, consequently, their inability to fully
appreciate music." As over half of the world’s population
speak tonal languages that are particularly reliant on
pitch, these technological deficiencies also degrade the
perception of speech.

At present, the physiological mechanisms responsible
for pitch perception are poorly simulated in the cochlear
implant. The resolution of the place-code is severely lim-
ited, not only by the low number of available electrodes,
at best only about 4-8 are functional at any one time,
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but also by their inability to stimulate discrete neural
populations due to the electrical spread of excitation.' In
turn, the resolution of the temporal code is an order of
magnitude poorer.”> Consequently cochlear implants are
only able to produce a crude pure-tone pitch sensation,
whereas extracting pitch from complex sounds may prove
impossible.

One intriguing solution stems from the recent relaxation
of candidacy criteria for cochlear implantation.” Undeni-
ably this has enabled individuals with residual low-fre-
quency hearing to benefit from a significant improvement
in the key auditory task of speech perception.' However, it
may come at a cost; as advancing the electrode array into
the scala tympani can damage the basilar membrane, lead-
ing to the destruction of the residual acoustic hearing and,
subsequently, any remaining pitch perception.*

The technique of combined electro-acoustic stimulation
(EAS) aims to nullify this trade-off." By only partially
inserting the electrode array into the cochlea the techno-
logical advances target the high-frequency hearing but
leave the residual low-frequency acoustic hearing
unscathed (Fig. 1)° — inevitably the acoustic hearing of a
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Fig. 1. Schematic of a cochlea with superimposed place-code (a). The depth of implantation with (b) conventional cochlear implant,

and (c) short cochlear implant are indicated by the grey lines, with black dots representing the active electrodes in the array.

typical recipient will require amplification but this can
easily be provided by the use of an existing or new con-
ventional hearing aid. This combination of electrical and
acoustic hearing thus improves the proportion of the
cochlea available for place coding, as well as the robust-
ness of the temporal code. With 50% of all individuals
above the age of 65 affected by presbyacusis, a condition
which differentially targets high-frequency hearing, such a
strategy has the potential to dramatically enhance the
quality of life of our ageing population.® The aim of this
article is to determine whether individuals with severe-to-
profound high-frequency hearing loss have realised these
predicted benefits of combined EAS, over conventional
cochlear implants, with respect to pitch perception.

Methods

Two sets of studies were considered from the available
literature. The inclusion criteria for each set were as
follows:

Set 1 The auditory performance of patients with com-
bined EAS was compared against either, their own ‘electri-
cal stimulation alone’ condition, or against patients with
conventional cochlear implants. A statement as to whether
the result was significant, or not, had to be present. Specifi-
cally the auditory performance of individuals had to be
assessed using tests largely dependent on pitch perception,
e.g. speech/sentence recognition in noise or melody recog-
nition. Only trials with ipsilateral combined EAS, by means
of plugging the contralateral ear, were considered.

Set 2 The number of patients with increased acoustic
hearing loss across all frequencies was compared with the
number of individuals with preserved low-frequency
acoustic hearing, post-implantation of a short intra-
cochlear array. Again, pre-implantation all patients had
severe-to-profound high-frequency hearing loss and resid-
© 2008 The Authors

ual low-frequency acoustic hearing. A total loss of acoustic
hearing was defined as (i) no response obtained at the
maximal level of the audiometer or (ii) a total or com-
plete loss of hearing implied within the body of the text.
A substantial increase in acoustic hearing loss was defined
as (i) increased hearing thresholds across all frequencies
of >20 dB between pre- and post-operative measure-
ments, and/or (ii) a total loss of acoustic hearing.

The following search strategy was used:
1 Sources Searched: Medline (Dialog and Pubmed), The
Cochrane Library, Embase, Cinahl, PsycInfo and AMED.
2 Dates of Search: 1950 (or start date of searchable
records) to 30th April 2008.
3 Language restrictions: None.
4 Subject Search Strategy: Medline NHS Dialog interface
(adapted for other databases), excluding letters, com-
ments, editorials and case reports:

1. COCHLEAR NEAR (IMPLANT$ OR PROSTHESS)

2. COCHLEAR-IMPLANTS#.DE. OR
COCHLEAR-IMPLANTATION#.DE. OR
PROSTHESIS DESIGN#.DE.

3. AUDITORY NEAR (IMPLANT$ OR PROSTHES$)

4. 10R20R3

5. COCHLEA$

6. IS.DE. Key
7. EQUIPMENT DE. = MeSH Subject
Heading
3 APPLIANCES$1
¢ oS # = Exploded Subject
9. DEVICE$1 Heading

$ = Truncation

10. 60OR7O0R80R9

11. 5AND 10
12. 40R 11

AND  Electric-Stimulation#.DE. OR (electr$ stimulat$) OR Acoustic-Stimulation#.DE. OR
(acoustic stimulat$) OR electroacoustic

In order to maximise sensitivity the outcome of pitch
perception was not included as a search term.
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Fig. 2. Flowchart showing process by which relevant studies were selected from the articles retrieved by the search strategy.

Following removal of duplicates, a total of 187
potentially relevant citations were retrieved. To be
included in this review the studies had to meet one set
of inclusion criteria specified above, either Set 1, Set 2,
or both Set 1 and 2. Additional citations were sought
by searching the reference lists of relevant trials and
reviews identified. [N.B. In some papers, there were
several trials (with different variables and/or meeting
different criteria), therefore these were analysed individ-
ually]. This breakdown is shown in the accompanying
flow chart (Fig. 2).

The following data was then extracted from the
selected studies:

1 n, the number of combined EAS patients involved in
the trial,

2 insertion depth (mm) of the cochlear implant,

3 model/manufacturer of the short cochlear implant,

4 the form of hearing test used to assess post-operative
auditory performance,

for Set 1,

1 performance in the post-operative hearing test; under
(i) ‘electrical stimulation alone’ and (ii) ‘combined EAS’
conditions,

2 significance of the result, a result was recorded as
significant if P < 0.05 or the word significant was clearly
stated within the body of the text,

for Set 2,

1 number of patients post-implantation of a short cochl-
ear implant with a (i) ‘total loss of acoustic hearing’, (ii)
‘substantial increase in acoustic hearing loss’ across all
frequencies.

The quality of the selected studies, and where relevant,
separate trials within individual studies, was assessed
using a standard grading system (Table 1).

© 2008 The Authors
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Table 1. Assessment of the level of evidence of the retrieved articles

Identified and
appropriately controlled

Measured  Sufficiently long and

outcomes  complete follow-up Level of

Clearly defined

Type of study control known confounders objectively  (n = not stated) evidence
Set 1
Turner ef al.,’ Cohort study v v v v 2b
Cohort study v v v v 2b
Gantz et al.,® Cohort study v v v v 2b
Kiefer et al.,’ Cohort study X v v v 2b
Gantz et al.," Cohort study v v v v 2b
Cohort study v v v v 2b
Lenarz et al.,12 Case report - - - - 4
Case report - - - - 4
James et al.,'! Cohort study X v v v 2b
Lorens et al.,? Cohort study v v v v 2b
Cohort study X v v v 2b
Cohort study X v v v 2b
Set 2
Ilberg et al.}? Case report = = = — 4
Skarzynski Cohort study X v v X 4
et al.,”!
Gantz et al.,* Cohort study X v v v 2b
Cohort study X v v v 2b
Skarzynski Case report - - - - 4
et al.,”
Wilson et al.,>* Case report = = = = 4
Gantz et al.,>® Cohort study X v v v 2b
Cohort study X v v v 2b
Gantz et al.,*® Cohort study X v v n 4
Cohort study X v v n 4
Gstoettner Cohort study X v v v 2b
et al.,"*
Kiefer et al.,”’ Cohort study X v v v 2b
James et al.,*® Cohort study X v v X 4
Kiefer et al.,’ Cohort study X v v v 2b
Gantz et al.,* Cohort study X v v n 4
Gstoettner Cohort study X v v v 2b
et al.,”®
James et al.,'! Cohort study X v v v 2b
Lenarz et al.,'? Cohort study X v v X 4
Luetje et al.,"’ Cohort study X v v v 2b
Skarzynski Cohort study X v v v 2b
et al.,!!
Berrettini Cohort study X v v v 2b
et al.,*? Cohort study X v v v 2b
Cohort study X v v v 2b

This was carried out by the first author and used the standard grading system provided by the Centre for Evidence Based Medicine
(CEBM), Oxford. http://www.cebm.net/index.aspx?o = 1025.

To determine whether a cohort study should be assigned either the level 2b or 4, four factors were assessed,

1 Whether there was a clearly defined control cohort,

2 Whether known and established (as opposed to possible) confounders, were identified and appropriately controlled,

3 Whether outcomes were measured objectively,

4 Whether follow-up was sufficiently long and complete, this was taken to be a complete follow up greater than or equal to 3 months.
If a cohort study achieved 3 or more of these factors it was assigned the level 2b, if not it was assigned the level 4.

© 2008 The Authors
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An attempt was made to combine the studies quantita-
tively. This was possible for the second set of studies, but
the diversity and heterogeneity of behavioural outcome
measures made this impossible for the first set of studies.
A structured review of the first set of studies was there-
fore undertaken.

Results

Overall 187 papers were retrieved. A total of seven papers
(with 12 separate trials) formed the first set of studies.
On qualitative assessment of the level of evidence 83% of
these trials scored a level 2b, the remainder a level 4. By
tabulating the data (Table 2), an overall analysis suggested
that 92% of these showed a significant benefit in pitch
perception of combined EAS over conventional cochlear
implants for individuals with profound-to-severe high-
frequency hearing loss.

In turn, 18 papers (with 23 separate trials) formed the
second set of studies. On qualitative assessment of

the level of evidence 61% of these trials scored a level 2b,
the remainder a level 4. Analysis of these data revealed that
of individuals implanted with a short cochlear implant
13% lost all their residual acoustic hearing and 24% had a
substantial increase in acoustic hearing loss (Table 3).

Discussion

This review of the literature indicates that, with respect to
pitch perception, combined EAS may be of greater benefit
to individuals with severe-to-profound high-frequency
hearing loss than conventional cochlear implants. Admit-
tedly the advantage was not ubiquitous, but nevertheless
it is an important finding. On the other hand there is a
very real risk that during the procedure patients
implanted with the shorter cochlear implant, requisite for
combined EAS, may lose a substantial proportion, if not
all, of their residual acoustic hearing. These results, along
with their implications for cochlear implant research, will
now be discussed.

Table 2. Benefit of combined electro-acoustic stimulation (EAS) in pitch perception compared to conventional cochlear implants

and the ‘electrical stimulation alone’ condition

Insertion
depth of
short
cochlear Manufacturer/
implant
(mm)

make of short

cochlear implant

Compared to Turner 10 Nucleus Hybrid
conventional et al.,”
cochlear Gantz 10 Nucleus Hybrid
implants et al.,'"”
Lorens 18-22 MedEl Combi 40+/40+M
et al.,?
Turner 10 Nucleus Hybrid
et al.,’
Gantz 10 Nucleus Hybrid
et al.,'®
Gantz 10 Nucleus Hybrid
et al.,}
Compared to Lorens 18-22 MedEl Combi 40+/40+M
‘electrical et al.,’?
stimulation 18-22 MedEl Combi 40+/40+M
alone’
condition Kiefer 19-24 MedEl Combi 40+/40+M
et al.,’
Lenarz 16 Nucleus Hybrid-L
et al.,*?
16 Nucleus Hybrid-L
James 17 Nucleus 24 contour
et al,'! advance

Significant
No. of benefit of
combined Time-period combined
EAS after EAS
patients  Post-operative implantation y = yes,
tested hearing test (months) n = no
3 Speech recognition 12 n
in noise
14 Speech recognition 12 y
in noise
11 Speech recognition 12 y
in noise
3 Speech recognition in 12 y
multitalker babble
14 Speech recognition in 12 y
multitalker babble
5 Melody recognition 12 y
11 Speech recognition 12 y
test in noise
11 Speech recognition 12 y
test in noise
12 Sentence recognition 12 y
test in noise
1 Sentence recognition 1 y
test a in noise
1 Sentence recognition 1 y
test b in noise
7 Sentence recognition in 6 y

multitalker babble noise

© 2008 The Authors
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Table 3. Number of patients with (i) a substantial increase in acoustic hearing loss, (ii) a total loss of acoustic hearing, following

short-electrode implantation

Insertion No. of patients
Number of depth of No. of patients with total
patients short cochlear with loss of acoustic
implanted  implant (mm) substantial hearing
with a short (P = not specified Manufacturer/ increase in acoustic post-implantation
cochlear but known to make of short hearing loss (na = data not
implant be partial) cochlear implant post-implantation  available)
Iberg et al.,” 1 20 MedEl Combi 40+ 0 0
Skarzynski et al.,>! 26 26.4 MedEl Combi 40/40+ 5 5
Gantz et al.,>? 3 6 Nucleus CI-24 (modification of) 0 0
B 10 Nucleus CI-24 (modification of) 0 0
Skarzynski et al.,”® 1 20 MedEl Combi 40+ 0 0
Wilson et al.,>* 1 20 MedEl Combi 40+ 0 0
Gantz ef al.,” 3 6 Nucleus CI-24 (modification of) 0 0
6 10 Nucleus CI-24 (modification of) 0 0
Gantz ef al.,* 3 6 Nucleus CI-24 (modification of) 0 0
8 10 Nucleus CI-24 (modification of) 0 0
Gstoettner ef al.,"* 21 16-24 MedEl Combi 40+/40+M 4 3
Kiefer et al.,”” 14 19-24 MedEl Combi 40+/40+M 2 2
James et al.,>® 12 17-19 Nucleus 24 contour advance 6 3
Kiefer et al.,’ 13 19-24 MedEl Combi 40+/40+M 2 2
Gantz et al.,'° 48 10 Nucleus Hybrid 8 2
Gstoettner et al.,” 23 18-24 MedEl Combi 40+/40+M 10 7
James et al.,'! 10 17 Nucleus 24 contour advance 3 3
Lenarz et al.,'? 4 16 Nucleus Hybrid-L 0 0
Luetje et al.,* 13 P Nucleus Hybrid 5 2
Skarzynski et al.,*' 10 p MedEl Combi 40+ 2 1
Berrettini et al.,*? 8 25 Nucleus 24 M-K 6 na
11 19 Nucleus 24 contour 6 na
11 17-19 Nucleus 24 contour advance 2 na
Total no. of patients 253 Total no. of patients 61 30
implanted with a
short cochlear implant
Percentage of patients (%) 24 13

conventional cochlear implant.>*''"'* Thus, this superior
pitch perception does not appear to result in a reciprocal
trade-off with the perception of speech in quiet.

Secondly, the combination of acoustic and electrical

Benefits of combined EAS?

First and foremost these studies have shown that the cen-
tral auditory system is able to combine an acoustic stimu-

lation of the residual hearing with ipsilateral electrical
stimulation of the cochlear nerve.””** This is an extremely
important finding as although animal experiments had
indicated that information transfer within the auditory sys-
tem was not substantially impaired by such a combination’
there remained the possibility that disturbing interferences
would still arise. The fact that combined EAS was able to
deliver a pitch percept, let alone one that was superior to
that provided by a conventional cochlear implant, is a
seminal result. In addition, combined EAS provided an
equivalent, if not significantly better, performance with
respect to speech perception in quiet compared to a

© 2008 The Authors

stimulation was not simply additive; instead, for the per-
ception of speech in noise, it was often strikingly syner-
gistic.”'* In other words, the auditory performance with
combined EAS was greater than the sum of auditory per-
formance in the ‘acoustic stimulation alone’ condition
plus the ‘electrical stimulation alone’ condition. The
mechanism underlying this unexpected synergy requires
further investigation. Notably, the ‘electrical stimulation
alone’ condition, known to be almost entirely reliant on
temporal coding, consistently scored higher than the
‘acoustic stimulation alone’ condition. Thus the mecha-
nism underlying the synergistic performance of combined

Journal compilation © 2008 Blackwell Publishing Ltd « Clinical Otolaryngology 33, 536-545
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EAS probably stems from an improvement in the robust-
ness of the temporal code.

As yet no similar breakdown of performance has been
undertaken for tests of music appreciation. Thus whether
combined EAS is able to deliver a similarly synergistic
result in this area is yet to be determined. As the place
code dominates melody recognition,"” and the contribu-
tion of the cochlear implant to this code is virtually nil,!
it is unlikely that any improvement with combined EAS
would be synergistic. Indeed, work with contralateral
combined EAS (in which the electrical stimulation is con-
tralateral to the acoustic stimulation) supports this
hypothesis,'® although the presence of bilateral cues pre-
vents direct comparisons being drawn. Nevertheless,
within combined EAS, this potentially creates a dichot-
omy between the mechanism responsible for the
improved speech perception in noise and the mechanism
responsible for the improved music appreciation.

Thirdly, these benefits of combined EAS allow the pre-
diction of a further, more fundamental, benefit for a spe-
cific cohort of patients; namely tonal-language speakers.
Critically, native Mandarin-speaking conventional cochl-
ear implant patients, on average, can recognise only 57%
of Mandarin-Chinese tones correctly.” Unlike the use of
intonation in the vast majority of Indo-European lan-
guages, in languages such as Mandarin-Chinese tone is
used to convey lexical meaning. Its importance for speech
comprehension cannot be over-stated. The preservation of
tonal information using combined EAS could, hypotheti-
cally at least, provide a considerable advantage over con-
ventional cochlear implants. Yet, despite the potentially
massive market for this technology, only simulated trials
have so far been undertaken in this field.'® Although these
did demonstrate a significant benefit of combined EAS,
over conventional cochlear implants, this finding remains
to be demonstrated in a controlled clinical trial.

Overall, 11 out of the 12 small trials showed a signifi-
cant benefit in the perception of speech in noise and the
appreciation of music. However, if combined EAS is to
be considered the gold-standard for patients with severe-
to-profound high-frequency hearing loss, consistent bene-
fits need to be shown in larger trials.

How can the consistency of these benefits be increased?

As outlined in the methods section the candidacy of
patients for combined EAS was largely determined by pure
tone audiometry. Although essential for determining the
type, degree and configuration of hearing loss, it is well
established that such tests reveal very little about central
auditory function.'” Factors known to have a substantial
effect on both the inferior colliculus®*** and primary audi-

tory cortex,”*® such as, (i) duration of deafness prior to

implantation, (ii) severity and pathogenesis of hearing loss
and (iii) auditory experience prior to implantation, were
not accounted for within individual trials. Consequently,
despite the similarity in their hearing thresholds, the func-
tional capacity of the central auditory system had the
potential to be significantly different across the cohort of
combined EAS candidates. Future trials with larger n
numbers should statistically analyse the significance of
these factors. By adjusting the candidacy criteria according
to the outcome of such trials it might be possible to
improve the consistency with which combined EAS delivers
a significant benefit over conventional cochlear implants.

Then again it is not simply within individual trials that
potentially confounding factors arise. One notably conten-
tious variable between the papers reviewed was the depth
of insertion of the short cochlear implant; how short
should short be? The difficulties associated with reaching a
definitive consensus on this issue will now be considered.

For the benefit of combined stimulation to be maximal
the acoustic and electrical stimulation should be contigu-
ous. Ideally each patient should have the insertion depth of
their electrode array calculated to minimise the un-
stimulated gap in the tonotopic array.”’ In practice the
single greatest obstacle to achieving this goal is that the
relationship between electrode insertion depth and place
frequency is poorly understood. Patients are therefore
implanted with either a shorter 6-10 mm electrode array
or with an incomplete insertion, up to 16-24 mm, of the
conventional electrode array. This difference in length con-
sequently introduces a major disparity in the number of
active frequency channels available for electrical stimula-
tion, the importance of which is yet to be ascertained —
obviously in the case of residual acoustic hearing loss a
longer electrode array would, in consolation, provide more
points of electrical stimulation within the cochlea. In the
future, large trials should attempt to compare the relative
merits of these two methods. Then again, an improved
understanding of the relationship between electrode inser-
tion depth and place frequency would be of even greater
value as it would enable the contiguity of acoustic and
electrical hearing to be optimised for individual patients.

Opverall, addressing these variables may generate a con-
siderable impact on performance consistency in combined
EAS. However, as with the assessment of any emerging
technology the potential benefits must be weighed up
against the potential risks.

Risks associated with combined EAS?

Only if the residual acoustic hearing is preserved can the
proposed benefits of combined EAS be achieved; atrau-
© 2008 The Authors
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matic cochlear implantation is therefore essential. Tempo-
ral bone studies have shown that an insertion depth
greater than 24 mm (beyond the first turn of the cochlea)
is likely to significantly elevate the risk of trauma and
thus the loss of residual acoustic hearing.’® In the
reviewed papers, however, a substantial increase in acoustic
hearing loss occurred in 24% of patients, and in 13% there
was a total loss of acoustic hearing, even though their
electrode arrays were, with the exception of Skarzynski
et al. (2002) equal to or shorter than 24 mm.>% 10712143142
Admittedly changes in audiological thresholds may not
be reflected in shifts in functional abilities,*' e.g. aided
speech perception, but, at present, they provide the only
available standard metric that is comparable across the
literature.

Essentially this risk exists because the surgical proce-
dure for combined EAS originates from conventional
cochlear implantation in which preservation of residual
acoustic hearing was not a priority. Nevertheless surgical
techniques have evolved to address known and suspected
detrimental factors, including (i) the use of ‘cochlear
view’ X-rays to reduce electrode misplacement,*’ (ii) flex-
ible pre-curved arrays to minimise insertion trauma,**
and (iii) trials with intra-cochlear drug delivery to stem
neurosensory degeneration.”> These improvements have
made, and will no doubt continue to make, significant
advances in the safety of this procedure. Finally, it should
not be forgotten that, even if the residual acoustic hearing
is lost, it still remains possible to use the inserted short
electrode array, and potentially combine this with electri-
cal and/or acoustic hearing in the contralateral ear.***®

Finally, is there not a risk that the residual acoustic
hearing of the patient may decline further? If so, would it
not be wiser to wait and implant a conventional cochlear
implant at a later date?

This line of argument against combined EAS, as a
long-term solution, is refuted by the following points.

Firstly, to preserve central auditory function the spiral
ganglion cells should be re-stimulated as early as possible
following hearing loss.*” Secondly, combined EAS does
not eliminate subsequent implantation of a conventional
cochlear implant; especially as in this proposed scenario
preservation of the low-frequency acoustic hearing range
would no-longer be an issue.*®* Of course, the option of
further surgery would ultimately depend upon both the
wishes of the individual and available funds. Thirdly, a
recent study by Yao et al. (2006) has demonstrated that
within the low-frequency range the threshold of hearing
in adults that meet the candidacy criteria for combined
EAS remains relatively stable; only dropping an average
of 1.05 dB, per year. Thus within this cohort subsequent
auditory decline may not even be an issue.”’
© 2008 The Authors

Combined EAS: a beneficial union? 543

Consequently, withholding the use of combined EAS in
anticipation of further auditory decline necessitating a
conventional cochlear implant does not appear justifiable.
A long-term trial is necessary to prove this theory.

Conclusion

In conclusion, for patients with severe-to-profound high-
frequency hearing loss combined EAS may offer a signifi-
cant, everyday, long-term benefit over conventional
cochlear implants. Larger trials, allowing a greater range of
factors to be analysed, are necessary to ensure the candi-
dacy criteria are stringent enough to consistently deliver
this advantage. Admittedly the risk of total acoustic hearing
loss cannot be ignored, but developments in surgical tech-
nique will no doubt continue to improve the safety-margin.
Ultimately by uniting the conserved sensory function of the
individual with one of the most successful prostheses, com-
bined EAS will facilitate the optimum treatment of each
patient; namely their treatment as an individual.

Keypoints

e In comparison to the human auditory system
current cochlear implants provide poor pitch
perception.

e Combined EAS may provide a solution, as the
conserved acoustic low-frequency hearing can
supplement the electrical stimulation of the high-
frequency hearing.

e A systematic review of the available literature
showed that combined EAS may have a benefit over
the traditional cochlear implant in pitch perception.

e Thirteen per cent of patients experienced a total
loss of low-frequency acoustic hearing post-
implantation of a short intra-cochlear array.

e Larger clinical trials are required, but this technol-
ogy has the potential to significantly improve the
pitch perception of individuals with conserved
acoustic low-frequency hearing.
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