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	NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
	Final appraisal document
	Cochlear implants for children and adults with severe to profound deafness (part review of TA166)
	1 Recommendations
	1.2 Simultaneous bilateral cochlear implantation is recommended as an option for the following groups of people with severe to profound deafness who do not receive adequate benefit from acoustic hearing aids, as defined in 1.5:
	1.3 Sequential bilateral cochlear implantation is not recommended as an option for people with severe to profound deafness.
	1.4 People who had a unilateral implant before publication of this guidance, and who fall into one of the categories described in 1.2, should have the option of an additional contralateral implant only if this is considered to provide sufficient benef...
	1.5 For the purposes of this guidance, severe to profound deafness is defined as hearing only sounds that are louder than 80 dB HL (pure-tone audiometric threshold equal to or greater than 80 dB HL) at 2 or more frequencies (500 Hz, 1,000 Hz, 2,000 Hz...
	1.6 Cochlear implantation should be considered for children and adults only after an assessment by a multidisciplinary team. As part of the assessment children and adults should also have had a valid trial of an acoustic hearing aid for at least 3 mon...

	2 Clinical need and practice
	3 The technology
	3.1 Cochlear implant systems consist of internal and external components. A microphone and sound processor are worn externally behind the ear. The sound processor is connected to a transmitter coil, which is worn on the side of the head. Data from the...
	3.2 The NHS buys cochlear implant systems under a long-term procurement contract between the 4 companies and the NHS supply chain. The procurement contract in use during this appraisal applied until 31 October 2008 and there was an option for an exten...
	3.3 The Clarion CII Bionic Ear System and the HiResolution Bionic Ear System (Advanced Bionics UK) are indicated for adults (18 years or older) with postlingual onset of severe to profound, bilateral sensorineural hearing loss (only hearing sounds wit...
	3.4 The Nucleus 24 and Nucleus Freedom cochlear implants (Cochlear Europe) are indicated for adults (18 years or older) who have bilateral postlingual sensorineural hearing loss and who have limited benefit from binaural hearing aids. For children (ag...
	3.5 The Pulsar CI-100 (MED-EL UK) is indicated for people with severe to profound deafness who derive limited benefit from conventional acoustic amplification in the best-aided condition. It is recommended that individuals have a trial of acoustic hea...
	ï¿½ï¿½�3�.�6� �T�h�e� �D�i�g�i�s�o�n�i�c� �S�P� �(�N�e�u�r�e�l�e�c�)� �i�s� �i�n�d�i�c�a�t�e�d� �f�o�r� �a�d�u�l�t�s� �a�n�d� �c�h�i�l�d�r�e�n� �w�i�t�h� �b�i�l�a�t�e�r�a�l� �p�r�o�f�o�u�n�d� �t�o� �t�o�t�a�l� �s�e�n�s�o�r�i�n�e�u�r�a�l� �h�e�a�r�i�n�g� �l�o�s�s�.� �T�h�e� �p�r�i�c�e� �p�a�i�d� �b�y� �t�h�e� �N�H�S� �s�u�p�p�l�y� �c�h�a�i�n� �f�o�r� �t�h�e� �D�i�g�i�s�o�n�i�c� �c�o�c�h�l�e�a�r� �i�m�p�l�a�n�t� �s�y�s�t�e�m� �i�s� �ï¿½�1�2�,�2�5�0�.� �A� �5�0�%� �d�i�s�c�o�u�n�t� �o�n� �t�h�e� �s�e�c�o�n�d�.�.�.
	3.7 Information on discounts was also obtained from a survey of the 18 cochlear implant centres in England and Wales. Responses were received from 15 centres: 3 paediatric centres, 2 adult centres and 10 with paediatric and adult caseloads. Four of th...

	4 Evidence and interpretation
	4.1 Clinical effectiveness
	4.1.1 The assessment group identified studies of cochlear implants that included adults and/or children with severe to profound deafness. The assessment group included only studies of multichannel cochlear implants that used whole-speech processing co...
	4.1.2 The systematic review by the assessment group comprised 33 studies, of which 13 involved adults and 20 involved children. Meta-analysis of the data was not possible because of heterogeneity between the studies. Only 2 implant systems in the NHS ...
	Children: unilateral cochlear implantation
	4.1.3 Eight studies compared a unilateral cochlear implant with non- technological support (that is, without acoustic hearing aids, but permitting lip reading or sign language), and 6 studies compared unilateral cochlear implants with acoustic hearing...
	Children: bilateral cochlear implantation
	4.1.4 Three studies compared bilateral cochlear implants with a unilateral cochlear implant, and 3 studies compared bilateral cochlear implants with a unilateral cochlear implant and a contralateral hearing aid. In 4 studies the children acted as thei...
	Children: quality of life and education outcomes
	ï¿½ï¿½�4�.�1�.�5� �N�o�n�e� �o�f� �t�h�e� �s�t�u�d�i�e�s� �i�n� �t�h�e� �a�s�s�e�s�s�m�e�n�t� �g�r�o�u�p ˇ�s� �s�y�s�t�e�m�a�t�i�c� �r�e�v�i�e�w� �r�e�p�o�r�t�e�d� �e�i�t�h�e�r� �q�u�a�l�i�t�y� �o�f� �l�i�f�e� �o�r� �e�d�u�c�a�t�i�o�n�a�l� �o�u�t�c�o�m�e�s�.� �F�u�r�t�h�e�r� �s�e�a�r�c�h�e�s� �i�d�e�n�t�i�f�i�e�d� �4� �s�t�u�d�i�e�s� �t�h�a�t� �m�e�a�s�u�r�e�d� �q�u�a�l�i�t�y� �o�f� �l�i�f�e� �a�n�d� �7� �s�t�u�d�i�e�s� �t�h�a�t� �m�e�a�s�u�r�e�d� �e�d�u�c�a�t�i�o�n�a�l� �o�u�t�c�o�m�e�s�.� �S�t�u�d�i�e�.�.�.
	4.1.6 The studies of educational outcomes suggest that children who are profoundly deaf and have a cochlear implant may be more likely to be educated within a mainstream school than children with a similar level of deafness but without a cochlear impl...
	Adults: unilateral cochlear implantation
	4.1.7 Four studies compared a unilateral cochlear implant with non-technological support (for example, without acoustic hearing aids, but permitting lip reading or sign language), and 4 studies compared a unilateral cochlear implant with an acoustic h...
	Adults: bilateral cochlear implantation
	4.1.8 Five studies compared unilateral cochlear implants with bilateral cochlear implants. The assessment group did not identify any studies of adults that compared bilateral cochlear implants with a unilateral cochlear implant and a contralateral hea...
	Adults: quality of life
	4.1.9 Three studies that measured quality of life were included in the systematic review. However, because of the importance of this outcome, further searches were completed to identify other studies that measured quality of life. Six further studies ...

	4.2 Cost effectiveness
	4.2.1 Submissions were received from 3 companies. Two (Cochlear Europe, Advanced Bionics UK) provided de novo economic evaluations. The third (MED-EL UK) provided a narrative summary of existing published economic analyses. The assessment group identi...
	The economic submission from Cochlear Europe
	ï¿½ï¿½�4�.�2�.�2� �T�h�e� �c�o�m�p�a�n�y� �s�u�b�m�i�t�t�e�d� �a� �M�a�r�k�o�v� �m�o�d�e�l� �t�h�a�t� �e�v�a�l�u�a�t�e�d� �t�h�e� �c�o�s�t� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �u�n�i�l�a�t�e�r�a�l� �a�n�d� �b�i�l�a�t�e�r�a�l� �c�o�c�h�l�e�a�r� �i�m�p�l�a�n�t�a�t�i�o�n� �c�o�m�p�a�r�e�d� �w�i�t�h�  ˇ�s�t�a�n�d�a�r�d� �o�f� �c�a�r�e ˇ� �(�i�n� �w�h�i�c�h� �a� �p�r�o�p�o�r�t�i�o�n� �o�f� �p�e�o�p�l�e� �r�e�c�e�i�v�e� �a�c�o�u�s�t�i�c� �h�e�a�r�i�n�g� �a�i�d�s�)� �f�r�o�m� �a�n� �N�H�S� �a�n�d� �p�e�r�s�o�n�a�.�.�.
	ï¿½ï¿½�4�.�2�.�3� �T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �u�n�i�l�a�t�e�r�a�l� �i�m�p�l�a�n�t�a�t�i�o�n� �w�i�t�h�  ˘�s�t�a�n�d�a�r�d� �o�f� �c�a�r�e ˇ� �g�a�v�e� �a�n� �I�C�E�R� �o�f� �ï¿½�1�0�,�5�0�0� �p�e�r� �Q�A�L�Y� �g�a�i�n�e�d� �f�o�r� �c�h�i�l�d�r�e�n� �w�i�t�h� �s�e�v�e�r�e� �t�o� �p�r�o�f�o�u�n�d� �s�e�n�s�o�r�i�n�e�u�r�a�l� �d�e�a�f�n�e�s�s� �a�n�d� �ï¿½�7�,�1�0�0� �p�e�r� �Q�A�L�Y� �g�a�i�n�e�d� �f�o�r� �a�d�u�l�t�s� �w�i�t�h� �p�o�s�t�l�i�n�g�u�a�l� �s�e�v�e�r�e� �t�o� �p�r�o�f�o�u�n�d� �s�e�n�s�o�.�.�.
	The economic submission from Advanced Bionics UK
	4.2.4 The company submitted a Markov model that evaluated the cost effectiveness of unilateral cochlear implantation compared with no cochlear implants from an NHS and PSS perspective. Four specific subgroups were identified: children with prelingual ...
	4.2.5 Costs were derived from a published study of cochlear implantation in children, and applied to both children and adults. Health-related utility data were derived from published studies using HUI3. The ICERs associated with unilateral implantatio...
	The economic submission from MED-EL UK
	ï¿½ï¿½�4�.�2�.�6� �T�h�e� �s�u�b�m�i�s�s�i�o�n� �f�r�o�m� �t�h�e� �c�o�m�p�a�n�y� �d�o�e�s� �n�o�t� �i�n�c�l�u�d�e� �a�n� �e�c�o�n�o�m�i�c� �m�o�d�e�l� �a�n�d� �p�r�i�m�a�r�i�l�y� �s�u�m�m�a�r�i�s�e�s� �s�o�m�e� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� �p�u�b�l�i�s�h�e�d� �e�c�o�n�o�m�i�c� �l�i�t�e�r�a�t�u�r�e�.� �T�h�e� �s�u�b�m�i�s�s�i�o�n� �p�r�e�s�e�n�t�s� �a�n� �I�C�E�R� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �ï¿½�1�8�,�0�0�0� �p�e�r� �Q�A�L�Y� �g�a�i�n�e�d� �f�o�r� �u�n�i�l�a�t�e�r�a�l� �c�o�c�h�l�e�a�r� �i�m�p�l�.�.�.
	The economic model from the assessment group
	4.2.7 The assessment group developed a Markov model to consider 2 questions. The first was the cost effectiveness of unilateral cochlear implantation compared with standard treatment (which may or may not include acoustic hearing aids) in children and...
	4.2.8 The effectiveness of cochlear implants in the model was based on a separate review of studies that reported health-related utility values for severe or profound deafness for unilateral or bilateral cochlear implantation. The most relevant studie...
	4.2.9 The health-related utility for a child without a cochlear implant was obtained from all children in the UK with profound deafness and no cochlear implant. The health-related utility value from this population was 0.421. The gains in health-relat...
	4.2.10 The health-related utility data for bilateral implantation were obtained from data from 24 adults with postlingual deafness who had a unilateral cochlear implant and were then randomised to receive a second contralateral implant immediately or ...
	4.2.11 The assessment group was unable to identify adequate health-related utility data to model the cost effectiveness of implanting a second device in a person with 1 established cochlear implant. The assessment group did not examine the following s...
	4.2.12 Costs included in the model are taken from 2 large UK costing studies that identified the cochlear implant centre costs associated with cochlear implantation in adults and children. The cost data for adults were taken from the same study from w...
	Cost effectiveness for children
	ï¿½ï¿½�4�.�2�.�1�3� �T�h�e� �I�C�E�R� �f�o�r� �u�n�i�l�a�t�e�r�a�l� �i�m�p�l�a�n�t�a�t�i�o�n� �i�n� �c�h�i�l�d�r�e�n� �w�h�o� �a�r�e� �p�r�e�l�i�n�g�u�a�l�l�y� �d�e�a�f� �a�n�d� �r�e�c�e�i�v�e� �a�n� �i�m�p�l�a�n�t� �a�t� �t�h�e� �a�g�e� �o�f� �1� �y�e�a�r� �w�a�s� �ï¿½�1�3�,�4�0�0� �p�e�r� �Q�A�L�Y� �g�a�i�n�e�d�.� �T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �I�C�E�R�s� �f�o�r� �s�i�m�u�l�t�a�n�e�o�u�s� �a�n�d� �s�e�q�u�e�n�t�i�a�l� �b�i�l�a�t�e�r�a�l� �i�m�p�l�a�n�t�a�t�i�o�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �u�n�i�.�.�.
	4.2.14 Analyses suggested that the estimates of cost effectiveness were sensitive to the time horizon, maintenance costs and utility. Scenario analyses that included educational costs or a later age at implantation had little impact on the estimates o...
	4.2.15 The assessment group conducted additional 2-way sensitivity analyses to investigate the impact of combining the discounts reported by the cochlear implant centres (see section 3.7) with alternative assumptions about utility gain associated with...
	Cost effectiveness for adults
	ï¿½ï¿½�4�.�2�.�1�6� �T�h�e� �I�C�E�R� �f�o�r� �u�n�i�l�a�t�e�r�a�l� �i�m�p�l�a�n�t�a�t�i�o�n� �i�n� �a�d�u�l�t�s� �w�h�o� �a�r�e� �p�o�s�t�l�i�n�g�u�a�l�l�y� �d�e�a�f� �w�a�s� �ï¿½�1�4�,�2�0�0� �p�e�r� �Q�A�L�Y� �g�a�i�n�e�d�.� �T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �I�C�E�R�s� �f�o�r� �s�i�m�u�l�t�a�n�e�o�u�s� �a�n�d� �s�e�q�u�e�n�t�i�a�l� �b�i�l�a�t�e�r�a�l� �i�m�p�l�a�n�t�a�t�i�o�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �u�n�i�l�a�t�e�r�a�l� �i�m�p�l�a�n�t�a�t�i�o�n� �w�e�r�e� �ï¿½�4�9�,�6�0�0� �a�n�d� �ï¿½�6�0�,�3�0�0�.�.�.
	4.2.17 Analyses suggested that the estimates of cost effectiveness were sensitive to the time horizon, age of the cohort, device costs and utility gain. Scenario analysis using an age-dependent utility gain had little impact on the estimate of cost ef...
	4.2.18 Following completion of the assessment report, consultees provided new evidence on the additional utility gain associated with bilateral compared with unilateral implantation for children and adults. One estimate came from a cross-sectional stu...

	4.3 Consideration of the evidence
	4.3.1 The appraisal committee reviewed the data available on the clinical and cost effectiveness of cochlear implants for children and adults with severe to profound deafness, having considered evidence on the nature of the condition and the value pla...
	4.3.2 The committee considered the distinction between audiological and functional deafness. The committee heard from clinical experts that audiological hearing was not necessarily related to functional hearing. Therefore, in clinical practice a perso...
	4.3.3 The committee considered how functional deafness could be defined in clinical practice. At the time of the original appraisal it heard from clinical experts that guidelines for adults from the British Cochlear Implant Group recommend Bamford-Kow...
	4.3.4 The committee recognised that identifying people for whom cochlear implantation was appropriate took account of not only the results of audiological and functional hearing tests but also other factors such as fitness for surgery, structure of th...
	4.3.5 The committee considered the perspective of people who may not consider deafness a disability that needs to be treated. The committee heard from clinical experts that most children who are deaf have families who are hearing and who have no acces...
	4.3.6 The committee noted that the evidence for clinical and cost effectiveness was derived from data based on cochlear implant systems from 3 companies making cochlear implants (Advanced Bionics UK, Cochlear Europe, MED-EL UK), and that no data for c...
	4.3.7 The committee examined the evidence for the clinical effectiveness of the use of unilateral cochlear implants for adults and children with severe to profound deafness. The committee considered that, despite methodological limitations, the studie...
	4.3.8 The committee examined the evidence for the cost effectiveness of unilateral cochlear implantation. The committee noted that both the assessment group and the companies obtained similar estimates of cost effectiveness. The committee considered t...
	4.3.9 The committee considered the evidence for the clinical effectiveness of bilateral cochlear implants. The committee considered that the additional benefits of bilateral cochlear implantation were less certain than the benefits of unilateral cochl...
	ï¿½ï¿½�4�.�3�.�1�0� �T�h�e� �c�o�m�m�i�t�t�e�e� �h�e�a�r�d� �f�r�o�m� �c�l�i�n�i�c�a�l� �e�x�p�e�r�t�s� �t�h�a�t� �i�t� �w�a�s� �i�m�p�o�r�t�a�n�t� �t�h�a�t� �t�h�e� �a�u�d�i�t�o�r�y� �n�e�r�v�e� �w�a�s� �p�r�o�v�i�d�e�d� �w�i�t�h� �s�t�i�m�u�l�a�t�i�o�n� �e�a�r�l�y� �i�n� �a� �c�h�i�l�d ˇ�s� �d�e�v�e�l�o�p�m�e�n�t� �b�e�c�a�u�s�e� �i�t� �b�e�c�a�m�e� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�o� �s�t�i�m�u�l�a�t�i�o�n� �a�s� �t�h�e� �c�h�i�l�d� �b�e�c�a�m�e� �o�l�d�e�r�.� �H�e�n�c�e�,� �f�a�i�l�u�r�e� �t�o� �s�t�.�.�.
	4.3.11 The committee then considered the cost effectiveness of bilateral cochlear implantation. The committee first examined the cost of cochlear implant systems and in particular the availability of nationally agreed discounts for the second cochlear...
	4.3.12 The committee then considered the cost effectiveness of bilateral cochlear implantation in adults. The committee noted that the base-case economic analyses provided by the assessment group obtained an ICER for simultaneous bilateral cochlear im...
	4.3.13 The committee next examined the evidence for the cost effectiveness of bilateral cochlear implantation for children with severe to profound deafness. The committee noted that the assessment group had been unable to identify any health-related q...
	4.3.14 The committee then considered the impact on the ICERs of combining additional gains in utility for simultaneous bilateral cochlear implantation of children with discounts on the second implant. The committee noted that the 40% discount for the ...
	4.3.15 The committee recognised that some people who were deaf could also be at risk of ossification of the cochlea (for example, after meningitis). The committee heard from clinical experts that ossification caused damage to the cochlea, which could ...
	4.3.16 The committee recognised that there were additional considerations for people who are deaf and also have other disabilities. The committee heard from clinical experts that specifically for people who are both deaf and blind, the gains in qualit...
	4.3.17 The committee noted that sequential implantation was associated with higher cost-effectiveness estimates than simultaneous bilateral implantation for both children and adults, and therefore concluded that sequential bilateral implantation is no...
	4.3.18 The committee noted that in the economic analyses cochlear implants had been modelled as a class. The committee was aware from clinical experts that there may be differences between the devices, in particular the processing strategies used. The...

	4.4 Partial update
	4.4.1 In 2018, as part of a review of this guidance, stakeholders highlighted that the eligibility criteria in recommendation 1.5 were out of date and did not reflect clinical practice.
	4.4.2 Changing the criteria in section 1.5 of the guidance is not expected to have a substantial impact on the cost effectiveness of cochlear implants. This is because:
	4.4.3 The committee considered that the wording suggested by stakeholders was appropriate and would not have a substantial impact on the cost effectiveness of cochlear implants. It concluded that the criteria in section 1.5 of the guidance should be u...
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