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The purpose of the Trent Development and Evaluation Committee is to help health authority
and other purchasers within the Trent Region by commenting on expert reports which
evaluate changes in health service provision. The Committee is comprised of members
appointed on the basis of their individual knowledge and expertise, and includes non-
clinically qualified scientists and lay members. It is chaired by Professor Sir David Hull.

The committee recommends, on the basis of appropriate evidence, priorities for:
e the direct development of innovative services on a pilot basis;

e service developments to be secured by health authorities.

The statement that follows was produced by the Development and Evaluation Committee at
its meetings on 22 April 1997 and 21 October 1997 at which this Guidance Note for
Purchasers (in a draft form) was considered.
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ABOUT THE TRENT INSTITUTE FOR HEALTH SERVICES RESEARCH

The Trent Institute for Health Services Research is a collaborative venture between the

Universities of Leicester, Nottingham and Sheffield with support from NHS Executive Trent.

The Institute:

provides advice and support to NHS staff on undertaking Health Services Research
(HSR);

provides a consultancy service to NHS bodies on service problems;
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provides educational support to NHS staff in the application of the results of research;

disseminates the results of research to influence the provision of health care.

The Directors of the Institute are: ~ Professor R L Akehurst (Sheffield);
Professor C E D Chilvers (Nottingham); and
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Professor Akehurst currently undertakes the role of Institute Co-ordinator.

A Core Unit, which provides central administrative and co-ordinating services, is located in
Regent Court within the University of Sheffield in conjunction with the School of Health and
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FOREWORD

The Trent Working Group on Acute Purchasing was set up to enable purchasers to share
research knowledge about the effectiveness and cost-effectiveness of acute service
interventions and determine collectively their purchasing policy. The Group is facilitated by
The School of Health and Related Research (ScHARR), part of the Trent Institute for
Health Services Research, the ScHARR Support Team being led by Professor Ron

Akehurst and Dr Nick Payne, Consultant Senior Lecturer in Public Health Medicine.

The process employed operates as follows. A list of topics for consideration by the Group is
recommended by the purchasing authorities in Trent and approved by the Purchasing
Authorities Chief Executives (PACE) and the Trent Development and Evaluation Committee
(DEC). A public health consultant from a purchasing authority leads on each topic assisted
by a support team from ScHARR, which provides help including literature searching, health
economics and modelling. A seminar is led by the public health consultant on the particular
intervention where purchasers and provider clinicians consider research evidence and
agree provisional recommendations on purchasing policy. The guidance emanating from
the seminars is reflected in this series of Guidance Notes which have been reviewed by the
Trent DEC, chaired by Professor Sir David Hull.

In order to share this work on reviewing the effectiveness and cost-effectiveness of clinical
interventions, The Trent Institute’s Working Group on Acute Purchasing has joined a wider
collaboration, InterDEC, with units in other regions. These are: The Wessex Institute for
Health Research and Development, The Scottish Health Purchasing Information Centre

(SHPIC) and The University of Birmingham Institute for Public and Environmental Health.

L .

Professor R L Akehurst,

Chairman, Trent Working Group on Acute Purchasing.
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EXECUTIVE SUMMARY

Hearing Aids are categorised according to their method of sound conduction; this can be an
air conduction hearing aid (ACHA) or a conventional bone conduction hearing aid (CBHA).
A more specialised form of CBHA is the bone anchored hearing aid (BAHA). Both air and

bone conduction hearing aids are widely used and are of proven benefit.

Although a good ACHA provides the best results, there are a number of patients for whom
this type of hearing aid is not suitable (e.g. patients with atresia of the ear or severe chronic
suppurative otitis media (CSOM)). If the CBHA is also unacceptable to the patient (e.g. due
to discomfort, cosmetic reasons or poor audiological quality) the BAHA may provide an
alternative. In addition, BAHAs are increasingly being viewed as an option for the tréatment
of otosclerosis, replacing more expensive and difficult procedures such as ossiculoplasty
and stapedectomies. The three diagnostic groups of patients most likely to benefit from
BAHAs are therefore:

e Congenital anomalies involving the ear;
e Chronic suppurative otitis media (CSOM);

e Otosclerosis.

Although several papers have been published demonstrating the benefits of BAHAs, no
evidence on the effectiveness of BAHAs has been derived via randomised controlled trials.
‘Moderate’ grade evidence indicates that good outcomes can be achieved for certain groups

of patients.

Purchasers should press for randomised controlled trials (or an independent evaluation
exercise), to establish evidence on the clinical and cost-effectiveness of BAHAs in the three
patient groups. Future studies should facilitate improvement in patient selection criteria
which would reduce inappropriate referrals and increase compliance after implantation.
Further research is also required which compares the BAHA with other interventions for
otosclerosis. Meanwhile, purchasers may opt for (a) no BAHAs; (b) BAHASs only within strict

patient criteria; or (c) BAHAs freely available.



1. INTRODUCTION

Hearing aids fall into one of two main categories according to their method of sound
conduction:-
e Air conduction hearing aids (ACHA);

¢ Conventional bone conduction hearing aids (CBHA).

Both are widely used and are of proven benefit. A good ACHA gives the best results, but is
not suitable for all patients. Some patients would benefit from an ACHA, but are unable to
wear one. For example, those patients who have ear canal abnormalities or recurrent
discharge can be provided with a CBHA. This type of aid operates through a transducer
which is pressed firmly on to the skin over the temporal bone and held in place by a
headband. Acoustically, the signal generated by the transducer passes through the skin
and subcutaneous tissue to the skull bones. The two major problems with CBHA are, firstly,
the pressure on the bone may make the aid uncomfortable to wear and, secondly, the layers

of skin and tissue between transducer and bone weaken the acoustic signals’.

These problems can be overcome with the use of a special type of CBHA, called the Bone
Anchored Hearing Aid (BAHA), as shown in Figure 1. This comprises a small titanium

screw, implanted into the temporal bone, to which the BAHA is connected, via an abutment.

The patients likely to benefit from a BAHA can be classified into three groups:

e Congenital abnormality - the prevalence of this is uncertain; however, research in
Birmingham and Glasgow suggests between 1:4,000 and 1:10,000 live births have such
a deformity (Personal Communications from Prof. S. Gatehouse and Mr. D. Proops,
respectively). The BAHA offers the benefit of increased comfort and better cosmetic

results (over the CBHA with headband) and, for some patients, improved audiology.

e Chronic Suppurative Otitis Media (CSOM) - the prevalence of this varies around the
country but approximately 10-20 per average sized district (500,000 population) could

meet the patient criteria (personal communication from Mr D Proops).

e Otosclerosis - approximately 2.1% of the adult population2 have this condition, of whom

95% will be successfully rehabilitated using conventional hearing aids or stapedectomy.



However, there exist diverse opinions amongst otologists concerning the role of surgery

and hearing aids in the management of otosclerosis.

BAHAs are implanted through a simple surgical procedure. However, a multi-disciplinary
team is required to assess and follow up the patient. The precise team required depends on

the BAHA candidate who can be classified into one of two groups:

e Those with chronic otitis media and otosclerosis who require long-term management of
hearing impairment. A team similar to the conventional hearing aid management team is

needed with the addition of appropriate surgical expertise and back-up.

e Those with congenital abnormalities who require facial prostheses in addition to/a BAHA
implant, who need a team which includes maxillofacial surgeons, speech therapists and

geneticists, as well as the hearing impairment management team.



Figure 1 Bone Anchored Hearing Aid

7. Attachment for safety line
8. Gain control

9. Tone control

10. Serial number

1. Volume control, on/off
2. Tone switch

3. Electrical connector

4. Battery compartment

5. Microphone

6. Bayonet coupling

Source: Nobel Biocare. Selection criteria and evaluation for the Bone Anchored Hearing Aid : manual for the audiologist.



2. USE OF BONE ANCHORED HEARING AIDS: SUMMARY OF EVIDENCE

OF EFFECTIVENESS

Using the classification of the quality of evidence shown in Table 1, the quality of

published evidence is summarised in Table 2.

Table 1: Classification of the Quality of Evidence

| Evidence obtained from at least one properly designed randomised controlled trial.

11-1 Evidence obtained from well designed controlled trials without randomisation.

1I-2 Evidence obtained from well designed cohort or case controlled analytic studies, preferably from more than

one centre or research group.

uncontrolled experiments.

committees.

follow-up, or conflict in evidence.

-3 Evidence obtained from multiple time series with or without the intervention, or from dramatic resuits in
1] Opinions of respected authorities based on clinical experience, descriptive studies or reports or expert

\% Evidence inadequate owing to problems of methodology, e.g. sample size, length or comprehensiveness of

Table 2: Quality of Published Evidence on the Effectiveness of BAHASs.
Reference Paper Type of Study Quality of
Evidence
Hakansson B et al. Ten years of experience with | Summary of outcomes of 147 BAHAs over 10 11-3
the Swedish BAHA system.? years.
Mylanus EAM et al. Audiological results of the Outcomes of BAHA (HC200) for 62 patients from 1I-2
BAHA HC200, multicentre results.* multicentre study.
Cooper HR et al. The Birmingham BAHA Questionnaire data on patients’ experience i
programme:-referrals, selectlon rehabilitation, following BAHA for comfort and audiology.
philosophy and resuits.’
Macnamara M et al. The BAHA in CSOM.° Notes review and telephone interviews of 69 1}
CSOM patients’ subjective outcomes of BAHA.
Burrell SP et al. The BAHA - third option for Outcomes of 10 patients with otosclerosis treated v
otosclerosis.” with BAHA as an alternative to stapedectomy or
conventional hearing aids.
Cremers CWRJ et al. Hearing with BAHA HC200 | 16 patients’ performance with BAHA (HC200) and 1\
compared to a conventional CBHA.' CBHA.
Mylanus et al. Patients’ opinions of bone- Opinions of 65 patients on BAHA versus CBHA. !
anchored versus conventional hearing aids.®
Hartland SA et al. BAHA wearers with significant | Outcomes of 16 ‘borderline’ BAHA cases. Results 1\
sensorineural hearing loss (borderline include; audiological, comfort, reduction in ear
candidates) patients’ results & opinions discharge.
Powell RH et al. Birmingham BAHA programme: | Subjective and objective outcomes on 21 BAHA lor vV
Paediatric experience and results.'® paediatric patients with variety diagnostic criteria
for surgery.
Mylanus EAM et al. A one stage surgical Outcomes of first 33 one-stage implants of BAHA. 1]
procedure for placement of percutaneous
implants for the BAHA."!
Tjellstrom A et al. Long-term follow-up with the Outcomes of first 100 consecutive patients. 11-3

BAHA: a revuew of the first 100 patients between
1977 and 1985."2




2.1 Main Reported Benefits

e |t has been reported that 90%, or more, of BAHA patients wear their hearing aid for at

least 8 hours per day.3'8 (There are no comparable data for conventional hearing aids.)

e Patient satisfaction questionnaires produce consistent patient preference for the BAHA,

based on comfort, quality of sound and cosmetic results.**%13

e Speech-recognition-in-noise is better with a BAHA compared to a CBHA."®® This is
thought to be due to the better free field thresholds, the higher frequency range and the

lower level of harmonic distortion. .

o BAHA surgery for those with a history of CSOM; 84% of patients experienced a

significant reduction in ear discharge.®
* Improved audiology and patient acceptability of BAHA over CBHA."

e There is evidence to suggest that the BAHA can be very helpful for sensorineural loss if

the patient is unable to wear a conventional hearing aid.>"

2.2 Main Reported Complications

e Some patients have been known to suffer from skin reactions following the titanium
fixture implant. However, 68% have been reported to remain skin-reaction free. Just

11% of patients have more than 2 episodes of skin reaction.'?

e Another, more serious complication is failure of the implant to osseointegrate; i.e.
unstable anchorage resulting in the bone implant remaining loose several months after
insertion. However, this complication is rare. In the study by Hakansson et al.,? just 1

case in 167 bone implants suffered from this problem.



2.3 Bone Anchored Hearing Aids versus Air Conduction Hearing Aids

The results of the BAHA when compared to the ACHA show similarities in audiological
terms. However, none of this evidence has been derived from a randomised controlled trial,
nor from an independent evaluation exercise. In particular, very little control has been
exercised over the quality of the previous/alternative management which the individuals

have been offered.

Patients who can wear a conventional ACHA will obtain maximum audiological advantage
from this device. However, when a conventional aid cannot be worn, (e.g. with atresia of the

ear or severe CSOM) the wearability of the BAHA provides another form of rehabilitation.

2.4 Bone Anchored Hearing Aids versus Conventional Bone Conduction

Hearing Aids

The audiological results are better for BAHA as compared to CBHA, due to the more direct
conduction of sound, via the titanium fixture and bone. The interposition of the soft tissues

with the CBHA" results in loss of acoustic quality .
2.5 Bone Anchored Hearing Aids and Bilateral Otosclerosis

Interest in BAHAs, as a third option in the management of bilateral otosclerosis, is
increasing. Conventionally, the first treatment is ACHA and the second, unilateral

stapedectomy. Both of these have disadvantages:

e ACHAs are often considered unsightly and are less popular amongst younger patients.
They are sometimes uncomfortable to wear and produce otitis externa in a substantial

number of cases.®

o Stapedectomy: this option is suitable for 95% of cases, but 5% of patients have
significant morbidity, so the operation is only offered unilaterally in the United Kingdom.
Therefore, even the best results can only render the patient mono-aural. Patients who

have failed stapedectomy or have otosclerosis in their only untreated ear, or those who



cannot or will not wear a conventional hearing aid, can be rehabilitated well by the use of
BAHAs.”

2.6 Bone Anchored Hearing Aids in Children

The BAHA seems to be safe for use in children as young as two years old, and is especially
good for syndromal children with no ear canals or inability for other reasons to wear a

conventional hearing aid."

2.7 The Patients’ Views

A study by Mylanus et al.® used a questionnaire survey (Appendix A) to investigate the
patients’ opinion of the BAHA, compared to conventional air and bone hearing aids. Patients
completed a questionnaire before the surgical procedure with respect to the conventional
hearing aid, and five months after surgery with respect to‘ the BAHA. Patients favoured the
BAHA compared to the CBHA on all hearing-aid-related aspects, and significant

improvement was reported in quiet, noise, quality of sound and comfort.

Of the patients fitted with a BAHA due to unsuitability of a conventional ACHA (e.g. CSOM),
many patients reported ACHAs to be better with respect to speech recognition. However, all
these patients noted great benefit from the BAHA in the form of reduced or complete
elimination of ear infections. These patients had been fitted with a BAHA following recurrent
ear infections and an unsuccessful trial period with CBHA. BAHAs are,‘ therefore,
advantageous in terms of reduced infections, but patients may experience poorer speech

recognition than they have been accustomed to with the ACHA.



3. COST AND BENEFIT IMPLICATIONS OF ADOPTING INTERVENTION

Published evidence to assess cost-effectiveness ratios using conventional measures
such as QALYs is largely lacking, but some assessment of costs and potential for

savings is given in this section.

3.1 Costs_

The cost of BAHAs includes:

e Assessment;

« Single stage day case implant under local anaesthetic;

e Hardware (approx. £1,400). The hardware is expected to last for five years and possibly
much longer in adults;

e Maintenance contract which includes approximately two out-patient visits per year and

replacement of the hardware after five years (approx. £470 per year).



The table below indicates the costs for local providers within and around the Trent Region:

Table 3: Costs
PROVIDER ASSESSMENT IMPLANT AND FOLLOW UP TOTAL AT
YEAR 1 YEAR 2 5 YEARS
QUEEN’S MEDICAL
CENTRE, - £3,300 £430 £5,020
NOTTINGHAM includes assessment
UNIVERSITY £70/visit £6,190 £523 £8,422
HOSPITAL, (normally 2 '
BIRMINGHAM visits i.e. £140)
ADDENBROOKES,
CAMBRIDGE
Child ‘;f’;t“sagg £7.939 £184 £8,675
Adult £7,639 £184 £8,375
Hardware & fitting excludes
assessment
SHEFFIELD costs not £3,611
available Hardware, fitting &
warranty £3,747
£23 excludes
£44 assessment
OP first appointment
BIRMINGHAM - Hardware, fitting & Included in
CHILDREN’S maintenance implant costs
Stage 1
Stage 2 £5,755 £11,510
£5,755 £93
includes assessment
LEICESTER ROYAL - £3,650 £78.46 £3,963.84
INFIRMARY includes assessment

3.2 Opportunities for Cost Saving

The opportunities for cost saving include:

a) Patients with congenital anomalies (e.g. absence of external meatus) previously required
extensive reconstructive surgery. BAHAs avoid the necessity for prior re-constructive

surgery;

b) Patients with CSOM previously required frequent out-patient attendances for aural toilet.
Use of BAHAs reduces the need for this.

10



c) For patients with otosclerosis, if stapedectomy to the first ear fails, BAHA to the other ear

avoids loss of hearing and cost of second stapedectomy.

11



4. OPTIONS FOR PURCHASERS AND PROVIDERS

The following options were discussed during and after a seminar held by the Trent

Institute Working Group on Acute Purchasing:

Option 1 Do not purchase.
Option 2 Purchase only if patient is included in randomised controlled trial.
Option 3 Purchase only within strict patient criteria which would vary according to

original patient diagnosis:-

i) Paediatric - specified congenital anomalies only;

ii) CSOM - after ACHA and CBHA have been tried and failed, due to
excessive ear discharge;

iii) Otosclerosis - unilateraI‘BAHA only for ‘second’ ear after ‘first’ has
undergone failed stapedectomy.

Option 4 Purchase so as to make BAHAs freely available, when requested.

At present, there is little direct evidence on the cost-effectiveness of using BAHAs to treat
the three patient groups defined above. Purchasers need to press, therefore, for
randomised controlled trials to be performed or, where this is inappropriate, some form of

independent evaluation exercise to be carried out.

Purchasers who wish to buy BAHAs should ensure that correct clinical practice is followed.

4.1 Effective Clinical Practice

To improve effectiveness and efficiency:

e BAHA services should consist of a multi-disciplinary team which includes an otologist;

e BAHA services should focus around existing Cochlear Implantation providers to allow
easier evaluation and monitoring, especially for children. This argument may not be as
strong for adults;

e an adult service should perform a minimum of 10-12 BAHAs per annum to enable the

multidisciplinary team to maintain skills (consensus view);

12



 the paediatric service should be carried out in specialised centres only as numbers are

small. Teams should include surgeons skilled in appropriate reconstructive surgery;

e CSOM patients need to be selected according to an agreed protocol.

Further research is required before the BAHA is adopted as the first line treatment for

patients with otosclerosis.

4.2 Competition

No competition exists between hardware manufacturers; the Swedish based manufacturer

holds a patent and CE marking on the titanium implant which achieves osseointegration.

13



5. DISCUSSION AND CONCLUSION

The BAHA services are dependent on a large range of multi-professional skills. Without
this, the outcomes from BAHA surgery will not be optimised. Paediatric BAHA centres will
inevitably be fewer in number and more specialised than adult centres. This is because the
numbers of children requiring BAHA surgery are smaller. Also, the diagnostic origins of their
hearing problems are usually congenital and require the skills of reconstructive surgeons as

part of the team, alongside the BAHA muIti-discip‘Iinary team.

At present, there is lack of evidence, based on randomised controlled trials, for the use of
the BAHA. However, evidence of a ‘moderate’ grade indicates that, in certain patient
circumstances, the BAHA produces good outcomes for the recipient in terms of reduction in
aural discharge, comfort and ‘usability’. In addition, for those who cannot wear other types
of aid, there is an improvement in audiological quality of life. To date, the strongest evidence
for the use of BAHAs is for patients with certain congenital anomalies and for CSOM
patients where other methods have failed. It is, therefore, recommended that research

should focus on:
e Comparing BAHAs with other interventions for otosclerosis;

e Improved CSOM patient selection; this should help to reduce inappropriate referrals and

non-use of BAHA after implantation.

The following patient selection criteria are proposed, until future research indicates how

further refinements to the criteria can be made:-
Patient Criteria for BAHA Surgery
a) Congenital Anomaly

e Anomaly of ear or absence of external meatus which precludes use of ACHA for practical

reasons.

¢ Following trial of the CBHA for at least 6 months, which has been unsuccessful for the

following reasons:-

14



i)  poor audiological quality;
ii) poor level of comfort;
iii) cosmetically unacceptable;

iv) poor compliance due to i, ii or iii.

b) CSOM

The process for selection of an appropriate hearing device for patients should be through
the following stages:-

i) ACHA if it offers benefit;
ii) ACHA tried for at least 6 months with alternation between left and right ears;

i) If ACHA alternation is unsuccessful due to continuous or increased severe aural;
discharge, CBHA may be suitable;

iv) If CBHA is unsuitable, due to discomfort, cosmetic problems, or poor audiological
quality, BAHA may be a further option.

c) Otosclerosis

Patients with bilateral otosclerosis who have had stapedectomy to one ear, which has failed.

15
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APPENDIX A Examples of Questionnaires used in Birmingham to

Ascertain a Patient’s Opinion of the BAHA Compared to

Conventional Hearing Aids

Questionnaire A

(1)

@)

@)

(4)

®)

How many hours per day did you use your previous hearing aid (CHA)?

> 8 hours 4 - 8 hours 2 - 4 hours < 2 hours not at all

How many hours per day do you use your BAHA?

> 8 hours 4 - 8 hours 2 - 4 hours < 2 hours not at all

Which hearing aid is better with regard to .....?

- A: ear infections CHA BAHA no difference
- B: speech recognition CHA BAHA no difference
- C: sound quality CHA BAHA no difference |
- D: visibility CHA BAHA no difference
- E: skin irritation CHA BAHA no difference
- F: handling CHA BAHA no difference

On which of these hearing-aid-related aspects A to F does the BAHA distinguish itself most
from the previous hearing aid in a positive sense?
greatest disadvantage, 2nd most important disadvantage,

aspect.... aspect....

On which of these hearing-aid-related aspects A to F does the BAHA distinguish itself most
from the previous hearing aid in a negative sense?
greatest disadvantage, 2nd most important disadvantage,

aspect.... aspect....

How good is your speech recognition in situation with background noise (party or group
gathering) with the BAHA compared to your previous hearing aid?

much better better equal worse much worse

(Source: Mylanus EAM. The Bone Anchored Hearing Aid. Clinical and audiological aspects.
EAM Mylanus, 1994)
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Questionnaire B
)] Speech recognition in quiet:
When it is quiet, can you understand....

a) one man? b) one woman? c)one child? d) television e) radio

@) Speech recognition in noise:
Can you understand someone who is speaking....
a) while the radio or television is on? b) at a party or meeting?
c)in a crowded hall? d) in arestaurant? e)in a street with a lot of traffic?
f)in a busy shop? g)in alecture hall? h) on a bus or train?

l)inacar?

3) Quality of sound:
What is your opinion on the quality of sound of....
a) the voices of men? b) the voices of women? c¢) the voices of children?
d) your own voice? e) music? f)a telephone conversation? g) cutlery?

h) drilling? ) slamming doors? j) passing trains? k) traffic?

(4) Wearing comfort:

a) Is your hearing aid comfortable to wear? b) Is your hearing aid practical in everyday

use? c) Are you troubled by rustling noises when moving around? d) How do you view the
hearing aid with regard to feed back? e) Do you experience troublesome ‘intrinsic noise from your

hearing aid?

Two questions were posed after the patient had been fitted with the BAHA:
Do you experience difficulty with cleaning the skin around the abutment?

yes sometimes no
and for the patients who had previously used a conventional hearing aid binaurally:

which hearing aid is better with regard to directional hearing?
CHA BAHA no difference

(Source: Mylanus EAM. The Bone Anchored Hearing Aid. Clinical and audiological aspects.
EAM Mylanus, 1994)
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